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Abstract 
Risk Management has emerged during the last decades and is now considered an indispensable component in 
management of projects. However, no attention has been directed towards Risk management in the bidding 
context. Uncertainties, but also the opportunities to affect project success, are extremely high during this 
phase. The purpose of this thesis has been to design a schedule risk analysis method with supporting 
methodology based on current research and to verify its usefulness in a business environment. We have 
conducted a case study at the Business Unit Gripen (BUG) subdivision of SAAB Aerospace. BUG produces 
large and complex offers of defense systems including the Gripen aircraft. Through interviews and 
participative observation we have gained an understanding of the bidding context and the requirements of 
risk management in this phase. The case has been used to verify the usefulness of the developed framework. 
The results of this thesis are a new framework for schedule risk analysis during the pre-project phases and an 
Excel-based model for estimation and quantification of schedule risks in project networks. The method and 
methodology developed seems to be able to produce schedules with better precision and quite easy to 
integrate in the offer process. We believe that the model is applicable to many other contexts, including 
ongoing projects in diverse industries where it is vital to assess uncertainties in project schedules. 
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Sammanfattning 
Risk Management har utvecklats de senaste decennierna och betraktas idag som en komponent i styrning av 
projekt. Forskningen har dock inte uppmärksammat behovet av riskhantering i offerter. I denna fas av projekt 
är osäkerheterna, men också möjligheterna att påverka projektet, extremt stora. I den här uppsatsen ville vi 
studera nuvarande ”best practice” inom Risk Management och avgöra huruvida dessa teorier är applicerbara i 
offertsammanhang. Vårt fokus har varit tidsrisker. Syftet med denna uppsats har varit att utveckla en 
analysmetod för tidsrisker med tillhörande metodik baserat på aktuell forskning samt att verifiera dess 
användbarhet i en företagsmiljö. Vi har genomfört en fallstudie vid Business Unit Gripen (BUG) vid SAAB 
Aerospace. BUG konstruerar stora och komplexa offerter som inkluderar flygplanet JAS 39 Gripen. Genom 
intervjuer och observation har vi tillägnat oss förståelse för offertmiljön samt krav på riskhantering i denna 
fas. Fallstudien har använts för att verifiera användbarheten av det utvecklade ramverket. Resultaten av 
denna uppsats är ett ramverk för tidsriskanalys under offertfasen och en Excel-baserad modell för beräkning 
och kvantifiering av tidsrisker i projektnätverk. Modellen och metodiken tycks kunna producera tidplaner 
med bättre precision och kunna integreras i offertprocessen på BUG tämligen enkelt. Vi tror att modellen är 
användbar i andra kontexter där det är kritiskt att hantera osäkerheter i projektplaner. 
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1 INTRODUCTION 

This first chapter introduces the area of study and the research problem for this thesis. It 

also encompasses the purpose and delimitations. It is concluded with a description of the 

disposition for the rest of the thesis. 

1.1 Background 
The ever-evolving business context seems to get increasingly populated by complex 
projects. The use of project-based organisation forms has exploded over the last couple of 
decades. Risk Management in projects is according to Raz & Michael (2001) a main topic 
of interest for researchers and practitioners working in the area of project management. A 
survey of topics in project management publications conducted by Themistocleous & 
Wearne in 2000 found Risk Management to have one of the highest rates of occurrence 
(according to Baccarini, 2001). The Project Management Institute (PMI), the largest 
professional organisation in the Project Management field, has emphasised Risk 
Management as one of eight areas covered in the Project Management Body of Knowledge 
(PMI, 2000).  

 “Risk Management can no longer be viewed as something that distracts you 
from the important task of being a Project Manager. Risk Management is one of the 
core tasks of every Project Manager!” 

        (de Bakker et al, 2002, p. 1) 

Risk can be defined as the possibility for something unexpected with negative 
consequences to happen. Businesses are constantly exposed to risks affecting fundamental 
decision-making. Doing business can actually be described as coping with risk. Risk is a 
natural part of business and usually required to make profit. However, risk needs to be 
controlled to eliminate or minimise negative impacts. 

The market conditions are constantly changing in all industries. One condition that has 
changed during the second half of the 1900s and that affect businesses today is competition. 
Competition has increased both locally and globally due to increased availability of capital, 
better conditions for start-ups and due to the more recent electronic information revolution. 
For each business contract there are usually several potential sellers participating in a 
bidding process. Because of the increased competition the bidding process is gaining 
importance. 
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Risk Management in projects is also gaining the attention of the Aerospace industry. The 
industry is, due to the complexity of the product, characterised by fragmentation of work in 
highly technically specialised units. This also affects the project management situation, 
adding risk and uncertainty. Commercial markets demand better, faster and cheaper project 
management, which requires increased organisational awareness of risks. (Gerosa et al, 
1999) 

SAAB Aerospace, one of the major aerospace actors in the world and the case company for 
this study, has also invested time and effort in the development of a risk management 
approach. 

There are many types of risks, some more evident than others. One type of risk present for 
more or less every business is the risk of time, mostly obvious through the risk of being 
delayed. Projects have become more time-constrained during the last decades. (Williams, 
2003) Simultaneously, quotations become more difficult to develop accurately and the 
consequences of failure become larger. The current corporate environment can often be 
characterised as “Do More With Less”. Risk management helps in finding balance within 
the project management. (McManus & Grushka, 1999).  

1.2 Problem discussion 
A fundamental condition that affects a project is that the knowledge about the project and 
its environment is very limited in the beginning but rises as the time goes and the project 
continues. A second fact is that decisions taken in the initial stages of the project or even 
before the project started are usually the ones that affect the project the most. The 
importance of decisions and their effects on the project are lesser as the project continues. 
These two conditions are illustrated below. 

 

Impact of 
decisions 

Knowledge 
about the 
project 

Time 

Large 

Small  
Figure 1: Conditions in projects (based on Wenell, 2001 p. 48) 
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Bids represent potential or hypothetical projects that pose some probability of becoming a 
business contract. (Artto & Hawk, 1999) The bidding phases of projects are, applying the 
concepts presented in the figure above, very important to project success but also very 
uncertain. Decisions taken regarding the project scope, budget and schedule during the 
offer phase seriously affect the forthcoming project’s possibility to succeed. The structured 
management of uncertainties inherent in budgets and schedules should consequently be 
emphasised during the bidding phase. Artto & Hawk (1999) emphasise risk management 
associated with bids and bidding as one of two important areas for future development in 
the risk management area. The authors of this thesis have not found any research dealing 
with risk management associated with bidding. SAAB Aerospace also lacks a methodical 
approach for schedule risk handling and perceives a need to develop such methods.  

More or less everyone involved in project management has experienced a failure to meet a 
deadline. Estimations of cost or time are probabilistic, not deterministic. Things rarely go 
according to plans and the natural deviations from estimated values cause delays and 
exceeded budgets. (Kandaswamy, 2001) Delayed deliveries of contracted products and 
services have serious consequences on customers’ perception of added value. Even more 
serious are the potential legal consequences of such delay, causing economic and goodwill 
losses. To be able to deliver quickly and on time is according to Goodpasture (1999) an 
increasingly important factor in winning a bid and the project schedule usually has higher 
leverage on project success than cost. However, most project or operational schedules are 
of very low quality. (RISKSIG & INCOSE RMWG) It is of uttermost importance for 
companies of today to be able to handle and estimate potential time-risks to avoid loss in 
goodwill and economic disadvantages. Current project planning methodology does not 
account for risk. Companies, such as SAAB Aerospace, consequently do not have 
appropriate tools to deal with schedule risks. 

Risks in complex projects involving many subcontractors are hard to quantify and require a 
methodical approach. (Baccarini, 2001) Research in the field is broad and theoretical such 
as work focusing on general risk management methodology or practical and focused on 
quantification tools. Generally these, often short and limited, papers also lack empirical 
verification and give little guidance for implementation of a complete schedule risk analysis 
approach. Additionally, no attention has been directed towards risk management in the 
bidding context. According to Klakegg (1997), risk management has to be integrated with 
project management principles and tools, to make the most out of the risk management 
elements. This implies integration of theory (methodology) and practice (methods and 
tools). There seem to be gaps in current risk management and project planning research in 
the above aspects, which we intend to fill. 
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The following research questions have been formulated based on the problem discussion 
above: 

•  What is overall risk management best practice according to current research? 

•  Can the current project risk management methods be applied for offers or are 
modifications necessary to support specific requirements of the bidding context? 

•  How can a model for estimation and quantification of schedule risks be constructed 
and integrated in project management methodology? 

1.3 Purpose 
The purpose of this master thesis is to design a schedule risk analysis method with 
supporting methodology based on current research and to verify its usefulness in a business 
environment. 

1.4 Delimitations 
In this thesis focus is on schedule risks. Risk analysis methods for costs will not be 
developed. The findings are primarily relevant for bidding contexts. Methods developed 
may be applicable to ongoing projects, but this has not been verified. 

We have chosen to verify our findings in a case study in the aerospace industry in Sweden. 
Even though we believe that the model developed can be applied on projects in different 
industries, we do not have research material to support this. Specific conditions in Sweden 
have not been identified or handled, though this should not seriously affect the applicability 
of the results. 

1.5 Disposition 
The research and the report writing have followed two distinct but interrelating processes 
during this study. The research process is complex and sometimes irrational, involving 
iterative elements used to narrow down on the subject. The report writing process however 
is linear. The thesis follows a structure, which does not show the iterative elements of 
research. In this study empirical data gathering for example, has been performed 
continuously as the theoretical framework and analysis results have emerged. The report on 
the other hand presents the empirical material as static. Have this distinction in mind when 
reading this thesis. More information on the methodical approach applied can be found in 
chapter 2. 
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1 2 3 4 5 6
Introduction Research 

Approach 
Our Case 

Study 
Analysis and 

Results 
Conclusions Frame of 

Reference 

 
Figure 2: Disposition 

The structure of this thesis is shown above. The introductory chapter includes background 
and a discussion on the research problems underlying this thesis. It also contains the 
purpose of the study and delimitations. The second chapter, Method, provides a 
presentation of the methodical foundations of this study. The Frame of Reference includes 
subchapters consolidating relevant theoretical material in the main areas of interest for this 
thesis; Risk Management, Project Planning and Schedule Risk Analysis. Chapter 4, The 
Company Presentation, describes the SAAB group in general and the case study 
environment in particular. The Current Situation at SAAB chapter summarises the results 
of our empirical investigations at SAAB Aerospace, Business Unit Gripen. In the 6th 
chapter the theoretical framework and the empirical material are analysed and the results of 
the research is developed. The last chapter summarises the key findings of the thesis and 
suggests further research. 
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2 RESEARCH APPROACH 

In this chapter we provide necessary background information about the research 

approach for this study. The central methodological considerations are highlighted and 

criticised. The research procedure used is also presented and the quality of the results is 

evaluated. 

2.1 Foundations for the research approach 
When a problem or a task is presented, the researcher has to ask a number of questions to 
support methodological decisions. First of all one need to decide what kind of result that is 
desired and how conclusions should be drawn (based on empirical investigation or 
theoretical reasoning). Next, one should consider what information that is accessible and if 
some kind of information gathering is necessary? Another important question is how to 
ensure quality and trustworthiness in the result. Appropriate methods for research and data 
acquisition need to be chosen based on this knowledge. If appropriate, one should also ask 
if there is any chance that research can take place on site. 

The starting point for our study has been our personal thoughts on how research should be 
conducted. This standpoint is formed by the prevailing view of how good research work 
should be carried trough (Carlsson, 1991). The all-embracing research approach used is 
fitted to a pattern of facts and values deeply rooted in the constituent parts that make up the 
components of a Paradigm. This includes clearly stipulated laws and theoretical premises 
about how science work should be carried trough (Thurén, 1996). Our ambition has been to 
be objective given the demarcations of laws and premises, even though we know that it is 
impossible to be absolutely objective due to our earlier gathered values and knowledge. We 
have tried to limit our subjectivity with balance between varying interests, neutrality when 
analysing the studied material and reliability in our conclusions. The research issues 
relevant to our study are discussed in the following sections. 

2.2 Qualitative and quantitative studies 
In any scientific research the researcher must choose appropriate research methods 
according to the requirements of the specific research problem investigated. (Lekvall & 
Wahlbin, 1993) The two main types of methods are qualitative and quantitative studies. 
Quantitative research support conclusions with data that can be quantified, while qualitative 
methods base conclusions on data such as attitudes, values and perceptions. (Lundahl & 
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Skärvad, 1992) Qualitative studies are usually used to achieve deeper understanding of the 
meaning of a phenomenon. This study can be considered a qualitative study because it is 
based on qualitative data. This approach has been chosen because of the difficulties to 
measure the qualitative aspects of the research problem. Rich information that cannot be 
caught with quantitative methods or expressed with quantitative data is needed for example 
about the bidding context to achieve proper understanding of the requirements of risk 
management in offers. 

2.3 Inductive and deductive methods 
Qualitative research is based on a method where data is collected about an empirical 
phenomenon. This data is then used to form hypothesises and draw conclusions (Carlsson, 
1991). This choice of method is called induction and implies that conclusions and general 
assumptions can be drawn from empirical facts (Thurén, 1996). Another approach is 
deduction where the first step is to form hypothesises or theories. Out of these theories or 
hypothesises a conclusion is formed that serves as an explanation of a phenomenon. This 
model is often used in quantitative studies. In the case where an explanation is deduced 
from a hypothesis it is important to highlight that the explanation itself cannot tell if the 
actual fact is true. However, if the hypothesis and theories are true, then the conclusion 
must be true. (Chalmers, 1996) 

The two approaches above represent different types of research methods but this does not 
imply that the approaches exclude each other. An example of a research situation could be 
to gather empirical facts to stipulate theories and to test the theories against new empirical 
data. In this case there are two phases in the research, where the first part is inductive and 
the second part is deductive (Carlsson, 1991). A similar approach has been used in our case. 
When we conducted this study we started with information gathering from relevant 
research literature to acquire a knowledge base in the theoretical field. The next step was to 
gather information in the organisation where the research was taking place, to acquire an 
understanding about the activities and the environmental factors in the organisation. The 
next action was to evaluate and generalise the collected information with the purpose to 
create a model that support the schedule risk analysis in the bidding process. The model has 
then been tested in the offer processes to verify that it provides a higher level of precision. 

2.4 The case study 
Qualitative studies can be conducted as case studies, longitudinal studies or broader studies 
of a number of cases. (Lekvall & Wahlbin, 1993) The case study as a conception refers to 
research where the focus is on one phenomenon that is studied profoundly during a limited 
time period. The time period can be substantial but it is always limited. In this type of study 
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the researcher interacts with the studied people and organisation and can therefore get good 
knowledge about and understanding of the context of the studied object. One of the main 
advantages of the case study approach is that the researcher can select methods (interviews, 
surveys, observation, attendance at meetings, conversations etc.) that suit the specific 
research task. (Bell, 2000) Another advantage is that the researcher can register unique 
organisational behaviour that could not be registered otherwise (Wallén, 1996). The case 
study approach therefore accomplishes research results that truly represent the reality 
(Eriksson & Wiedersheim-Paul, 1999). This study has been conducted as a case study 
during spring of 2003 at SAAB Aerospace in Linköping.  

The criticism of the case study approach is mainly on the value of the result. This has its 
root in that it can be difficult to value the trustworthiness of the sources when they are 
essentially one-sided. (Wallén, 1996) A discussion on the trustworthiness of this study can 
be found in chapter 2.6. 

2.5 Data acquisition 
Data used in this thesis have been collected from research literature, documents in the 
research environment, interviews with employees at SAAB and when participating in the 
daily activities at SAAB. The sources can be divided in two groups; primary- and 
secondary sources. Primary sources are collected in the research environment and 
secondary sources are presentations and interpretations based on other primary sources. 
(Bell, 1995) 

Primary sources 

Qualitative studies often include the use of interviews to capture data relevant to the 
research problem. Interviews supply the researcher with rich descriptions of the 
phenomenon that helps him to accumulate depth in his understanding of it. Interviews can 
be conducted with different levels of standardisation, where standardised interviews use a 
formalised scheme of questions to follow, while non-standardised interviews let the 
interviewer choose the order and formulation of questions. Non-standardised interviews are 
appropriate for collection of qualitative data such as values and perceptions (Lundahl & 
Skärvad, 1992) Non-standardised interviews can either be structured or non-structured, 
while standardised interviews are always structured. Structured interviews have a clear 
purpose to collect specific information. Non-structure interviews also collect personal 
opinions and thoughts from the respondent not related to a specific purpose.  

The interviews conducted for this study were based on interview guides constructed before 
the interview occasions. The guide was used to support the interviewer but the questions 
were not strictly formulated as in the guide. During the interviews we tried to keep the 
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questions as open as possible to get as much information as we could even if the 
information was not directly related to the question. The purpose was to achieve as good 
understanding as possible of the bidding context and the requirements inherent in the case 
environment.  

One highlight in this study is the information collected from so-called “participative 
observation”. To supplement the interviews conducted in a case study, the researcher may 
observe actions directly as a complementary method. Observation can be non-participative 
such as in laboratory studies or participative as when the researcher is involved in the 
environment that he studies. Participative observation where the identity of the researcher is 
known is a good starting point for studies of for example company culture. (Andersen, 
1990) It is also a useful approach where the phenomenon is unknown or to satisfy the need 
for new ideas. Observation gives knowledge about informal patterns and structures in the 
research environment (Bell, 2000) that cannot be reached with any other type of 
information gathering. (Andersen, 1990) We have been constantly involved in everyday 
business during the entire case study at SAAB to accumulate as much information and 
understanding as possible about the research problem not only through interviews, but also 
through non-formalised participative observation. The information gathered through this 
process is hard or sometimes impossible to identify and present but is valuable input that 
reduces uncertainty in interpretations. 

Secondary sources 

The secondary sources used in this study are collected from science literature and articles 
on the subject of project- and risk management. The research literature was collected from 
university libraries and online research article databases. The primary sources for articles 
were the Journal of Project Management and the Journal of International Project 
Management. Textbooks are not common in the field since most areas covered in this thesis 
are primarily comprised of recent research. A couple of books by project risk management 
gurus such as Lichtenberg and Chapman & Ward have however been used. 

Criticism of sources  

The demands on sources in academic research are several. Objectivity, genuineness and 
contemporaneousness are three major qualities (Ejvegård, 1996) needed for the research 
result to be useful. It is not always easy to see that these three qualities are fulfilled and our 
different sources could miss one or more. We have tried to identify and handle these 
problems.  

The main criticism of our primary sources is that they could lack objectivity. They are 
collected on site during the case study and could therefore be biased. Also, we are almost 
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certain that we have been coloured by the company culture. This is not good in an 
objectivity perspective, but we need to be influenced by the company culture to gain 
necessary knowledge about the studied processes. Also, we have noticed that our sources 
do not lack self criticism and in many cases have clear and seemingly unbiased views about 
the system that they are part of. Other potential dangers to look out for regarding primary 
sources are the “interview effects” that can influence the quality of information during the 
interview. (Eriksson & Wiedersheim-Paul, 1999) Psychological factors (perceptions, 
attitudes, motives), behavioural factors (misconceptions, questioning faults) and 
background data (age, gender, education etc.) affect and bias the responses and are referred 
to as interview effects. (Andersen, 1994) Awareness of these factors and careful planning 
and preparation reduces the risk of interview effects affecting conclusions drawn. 
(Andersen, 1994) We have strived to reduce these factors’ influence on our results by 
planning the questions’ characteristics and by critical questioning of received responses. 

Secondary sources should be evaluated in regards to their contemporaneousness and 
genuineness. We make the judgement that our research literature and articles can fill that 
demand, since they are primarily collected from books and research papers published 
during the last 5 years. 

The problem with genuineness in our secondary sources mainly concerns the articles that 
we have used. To cope with this problem we have only used articles that have been peer 
reviewed in major science publications. We have studied about 70 articles to get a nuanced 
picture of the research field. During our literature study we have also looked for references 
to “A guide to the project management body of knowledge” (PMI, 2000) to verify its 
trustworthiness, since that source plays a major role in the frame of reference. Our 
judgement is that this source is considered a reference work in the field by other researchers 
and that differences from other theories in the field are marginal. The above measures 
should together result in a high level of genuineness. 

2.6 Research result quality and trustworthiness 
At the same time as the research result is presented a question emerges: Is the result 
durable? The answer is: We do not know if the result is durable, and we cannot verify the 
result and say that it is definitely true. We can only try to overthrow the research result and 
falsify it. If the attempt to falsify the research results fails, a temporary truth is created, but 
it is likely that it is going to be falsified sometime in the future (Thurén, 1996). The 
falsification of a theory or hypothesis leads to new ones that are exposed to these tests. 
Considering the above, it is impossible to say that a research result can be verified, but it 
can be regarded as a temporary truth in the current paradigm that is better than the 
successor and not yet falsified. (Chalmers, 1996)  
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When we have conducted this study we have formulated hypothesises and theories 
continuously. To develop our knowledge, we have tested hypothesises and theories in the 
organisation to see if it can withstand tests in the environment. When our results have been 
falsified, we have used the result to substantiate new ideas. This process has been 
continuous during the main part of our study and the result is a set of assumptions and 
thoughts summarised in a theory that is not yet falsified. 

A frequently argued “limitation” of case studies lies in the inability to generalise the results. 
The result cannot always be used to draw generally applicable conclusions. However, the 
results of a case study are more suitable if used to relate to other phenomena in the same 
area. (Bell, 2000) We believe that the results of this study and other case studies can be 
applicable to other companies, situations and environmental contexts. The applicability can 
be supported by elaborate descriptions of methods, theories and conditions for conclusions. 
The value of the results should also be strengthened if the distinction between description 
and interpretation is clear. 

Every researcher should consider the trustworthiness of the study and its results. Two 
common concepts for judgement and measurement of a study’s trustworthiness in 
quantitative studies are reliability and validity. (Thurén, 1996) These concepts are however 
not entirely appropriate for qualitative research since studies of human behaviour usually 
cannot be repeated and because qualitative conclusions are usually based on a subjectively 
perceived reality that cannot be objectively verified. Problems with trustworthiness arise 
when a study makes use of methods not appropriate for the investigated problem or when 
conclusions are drawn from faulty data.  

A number of measures have been taken to improve the trustworthiness of this study. First 
of all we have chosen to use a case study approach, so that errors can be discovered and 
corrected while the investigation is running without major difficulties. Problems can also 
occur with trustworthiness when gathering information trough interviews. One way to cope 
with this is to test the interview questions before using them for the real task. We have 
chosen to interview a number of representatives from different parts of the organisation to 
get a “true” picture of the research problem. We have also documented the interview results 
and handed them back to the respondents for correction and verification. We believe that 
these two actions together will create a higher level of trustworthiness. To further improve 
the trustworthiness of the study we have combined the use of interviews with more than 
three months of on site observation. We have also tried to provide explicit information on 
our perceived research problem, our methods and the theory that we use as the basis for our 
study. This should enable the reader to judge the quality and trustworthiness of our study. 
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3 FRAME OF REFERENCE 

The frame of reference chapter accumulates relevant theoretical material collected from 

the main research areas of interest for this thesis. It includes definitions of important 

concepts and current research in the areas of risk management, project planning and 

schedule risk analysis.  

3.1 Introduction 
Many of the terms used in this thesis have multiple meanings and people may interpret 
them differently. Because of the importance of some of these terms it is necessary to define 
our use and interpretation of them. 

Uncertainty implies an unknown outcome. Uncertainty includes both opportunities and 
risks. Some authors argue that opportunities and risks should be dealt with simultaneously. 
However, this study focuses on risks and their impact. Risks threat organisational and 
project success, while opportunities provide positive yet uncertain outcome. Risks are 
hence more critical to performance. 

Risk may be defined as an uncertain event or condition that, if it occurs, has a negative 
effect. Some people choose to define risk as having negative or positive effects. However, 
we believe that potential positive events should be referred to as opportunities, not risks.  
The risk definition above implies that risk is a future event that may or may not occur. Past 
events should not be regarded as risks. Also the definition states that risk is an event. Cost 
is not a risk simply because it is not an event. However, an event that is a risk may have 
cost consequences. Furthermore, the probability of occurrence of the future event must be 
greater than 0% and less than 100%. Consequently, if it is 0% or 100% chance that the 
event happens, it is not a risk. (RISKSIG & INCOSE RMWG, 2002) 

There are many types of risk and it is therefore often meaningful to distinguish between a 
number of categories. Kindinger & Darby (2000) use the four risk categories illustrated 
below. Note that different categories may be applicable in different risk contexts, such as 
corporate finance or medicine. This categorisation is however a good typology for project 
risks. The main concern of this thesis is schedule risk, which is the risk associated with 
delays in the planned schedule. 
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Budget 
Risk 

Cost 
Risk 

Schedule 
Risk 

Technical 
Risk  

Figure 3: Categories of risk (Kindinger & Darby, 2000, p. 2) 

Risk Management refers to the structured handling of risks. Since there are many types of 
risks there are many disciplines within the vast subject of Risk Management. In this thesis 
we study Project Risk Management, from now on referred to as Risk Management. 

Chapman & Ward (1997) define the purpose of Risk Management “to improve project 
performance via systematic identification, appraisal and management of project-related 
risk”. Managing risks requires a methodical approach and project risk management is a 
formalised process of decision-making. (Baccarini, 2001) The definition used for Risk 
Management in this study is: 

“Risk management is the systematic process of identifying, analysing and 
responding to project risk.“ 

(PMI, 2000, p. 127)  

This chapter is divided into three main parts: Risk Management, Project Planning and 
Schedule Risk Analysis. The risk management subchapter serves the purpose to introduce 
the reader into the vast area of risk management. The concepts of risk management are 
needed to fully understand and appreciate the need for project planning. Project planning 
concerns the process used to ensure that a project is completed on time. Schedule Risk 
Analysis is, in our view, essentially a combination of the two aforementioned areas. It is 
Risk Management applied in the Project Planning context. This relation is illustrated below. 

Project 
Planning

Risk 
Mgmt 

Schedule 
Risk 

Analysis  
Figure 4: Frame of Reference structure 
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3.2 Risk Management methodology and tools 
Project Risk Management methodologies exist in many forms. The authors have conducted 
a quite thorough literature review during the work with this thesis. Most risk management 
methodologies encountered in articles and books studied were based on similar models with 
common characteristics. The most referenced methodology is developed by the Project 
Management Institute (PMI) and is explained in the Guide to the Project Management 
Body of Knowledge (PMBOK® Guide by PMI, 2000). It constitutes of 6 phases; Risk 
Management Planning, Risk Identification, Qualitative Risk Analysis, Quantitative Risk 
Analysis, Risk Response Planning and Risk Monitoring and Control (illustrated below). 
Some authors use models with 3 or 5 steps (The 1996 version of PMBOK® included 4 
phases) and they may cluster phases and call them something else, but the models are 
essentially similar content-wise. The ISO Project Management Quality Guideline 
(ISO10006, according to Artto, 1997b) also uses a similar definition of the content of risk 
management. The following description of Risk Management is largely based on the 
PMBOK®, references are given to other publications where applicable. The tools descibed 
consitute a selection of the most commonly used tools. Others are available, but are less 
common. 

Risk 
Management 

Planning 
Risk 

Identification 
Qualitative 

Risk Analysis
Quantitative 

Risk Analysis
Risk Response 

Planning 
Risk 

Monitoring 
and Control 

 
Figure 5: The Risk Management Process 

3.2.1 Risk Management Planning 
 

 
Risk Management Planning refers to the planning and structuring of risk management 
activities for a project. This phase involves planning meetings with all project members 
involved in risk management and key stakeholders. The purpose is to establish a risk 
management plan for the specific project. The risk management plan is based on the project 
charter, risk management policies and risk management plan templates and may specify 
methodology, roles, budget, thresholds, reporting formats etcetera for risk management 
activities throughout the project. 

3.2.2 Risk Identification 
 

 
Risk identification consists of finding relevant risks to the specific project and to document 
them. Risk identification is “the process of determining what can happen, why and how” 
(Standards Australia according to Baccarini, 2001). Both internal and external risks are 
subject to identification. The project team can handle internal risks, while external risks are 
beyond the control of the team. Useful inputs to risk identification include product 
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descriptions, historical information from previous project files or published information and 
other planning output such as cost and duration estimations, procurement plans etcetera. 
Risk identification can be conducted in structured workshops through brainstorming, 
SWOT-analysis, interviews or by single individuals and through the use of simple checklists 
or more complex flowcharts. A common way to find risks is to identify causes-and-effects. 
This is often done with the help of Ishikawa or fishbone diagrams (see example in figure 
below). Another interesting method is the so-called Delphi technique. Project risk experts 
participate anonymously in a risk questionnaire sent out by a facilitator. The responses are 
accumulated in risk categories by the facilitator and re-circulated to the experts for further 
comments. In this way, consensus can be reached without bias or undue influence on the 
outcome.  
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Figure 6: Ishikawa/Fishbone diagram example 

3.2.3 Qualitative Risk Analysis  
 

 
The Qualitative Risk Analysis is the process of assessing impact and probability of the 
identified risks and to prioritise them according to their effect on the project if realised.  
The result serves as a guide for the choice of critical risk responses. The by far most 
common approach to qualitative risk analysis is the use of impact/probability matrixes 
(illustrated below in Figure 7).  These are based on qualitative estimates of probabilities 
and impacts (so called expert judgement). While mathematical approaches to risk 
quantification are useful, expert judgement may be used in addition to other techniques. 
The impact/probability matrix can be extended so that each level of impact or probability is 
defined qualitatively or quantitatively. Quantitative definitions allow for the calculation of 
expected risk values (risk value = impact * probability). 
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Impact 
Probability Very low Low Moderate High Very high 
Very high     Risk 5 
High  Risk 2    
Moderate   Risk 3  Risk 4 
Low Risk 1     
Very low      

 
Figure 7: Probability/impact matrix (based on PMI, 2000, p. 137) 

The output from the qualitative risk analysis should be a prioritised risk list and an overall 
risk ranking for the entire project. The overall risk ranking may indicate the level of risk 
inherent in the project in comparison to other projects and serve as a basis for the 
assignment of resources. 

3.2.4 Quantitative Risk Analysis 
 

 
Quantitative Risk Analysis also involves evaluation of the risks identified to assess the 
potential outcomes. The objective is to define which risks need response based on 
quantitative calculations. One risk can cause multiple effects and different stakeholders 
may therefore perceive it differently. While an event can be an opportunity for one 
stakeholder, it may as well be a threat to another. Another important point regarding risk 
quantification is the danger of mathematical quantification techniques giving false 
impressions of precision and reliability. Except for the outputs from the risk identification 
and qualitative risk analysis phases, stakeholder risk tolerances may be needed in risk 
quantification.  

A number of risk quantification tools and techniques exist. The simplest technique is to 
calculate expected monetary value. It is basically the product of the probability of an event 
occurring and the risk event value/impact. Intangible effects also need to be considered in 
this calculation to ensure a fair decision situation. Expected monetary value calculations are 
usually combined with further analysis such as decision trees (see below), since risk events 
can occur individually or in groups, in parallel or in sequence. 

Statistical sums can be used to calculate a range of total project costs based on estimations 
of the cost for individual work items/tasks. Statistical sums are based on three-point 
estimations of costs (low, most likely, high) for each item. The mean value of the 
estimations can be calculated using different statistical distributions for each item. A 
triangular distribution has been used in the example below, but other distributions such as 
the Beta distribution can also be used. Different distributions can be used for each task. If 
the distributions are skewed, the sum of the mean values will always differ from the sum of 
the most likely estimates. 
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Activity Name Low Most 
Likely

High Mean Sigma Variance 

Task 1       
Subtask 1.1 40 45 80 55 9 79 
Subtask 1.2 35 50 100 62 14 193 
Task 2  0 
Subtask 2.1 18 25 50 31 7 47 
Subtask 2.2 10 20 40 23 6 39 
Subtask 2.3 10 25 60 32 10 110 
Subtask 2.4 15 20 40 25 5 29 
Total  185 228 22 497 

Note:  Mean = ( Low + Most Likely + High ) / 3,  

Variance = (( High – Low )2 + ( Most Likely – Low ) ( Most Likely – High )) / 18 

Figure 8: Statistical sums (based on PMI, 1996, p. 116) 

Decision tree diagrams are used to illustrate decisions and outcomes. The branches of a 
decision tree depict decisions (as boxes) or chance events (as circles). Decision makers can 
by the use of decision tree diagrams visualise a situation of uncertainty and the possible 
results of potential decisions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: Expected Monetary Value (EMV) of a decision = sum of all outcomes stemming from 
that decision. 
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Figure 9: Decision tree (based on PMI, 1996, p. 119) 

Simulation is another useful tool for quantitative risk analysis. Project simulations are 
typically performed using the Monte Carlo technique. This approach will be extensively 
covered in chapter 3.4.2. 
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3.2.5 Risk Response Planning 
 

 
The risk response planning phase involves the definition of responses to threats and the 
assignment of responsible individuals for each action. These responses can be categorised 
in four categories. Avoidance eliminates the threat by eliminating its cause. Not all risks can 
be eliminated. Risk transference may be used to transfer the ownership of the risk and 
response. This approach is useful for financial risks, where a risk premium is paid to the 
party taking on the risk. Fixed-price contracts are also examples of risk transference. 
Mitigation reduces the expected monetary value of a risk by reducing its probability of 
occurrence, its impact or both. The fourth category is the Acceptance of risks. Techniques 
useful to mitigate/avoid risks include procurement, contingency planning, alternative 
strategies and insurances. The risk response planning phase should primarily produce a risk 
response plan that documents risk management actions and procedures to be used in the 
project. 

3.2.6 Risk Monitoring and Control  
 

 
Risk monitoring and control refers to the execution of the risk management plan in order to 
mitigate identified risks and to the continuous follow-up of risk responses. A common 
approach is to schedule periodic risk reviews at project team meetings. The cycle of 
identification, analysis and response should usually be iterated to identify new risks during 
the project. 

3.3 Project Planning 
A project consists of multiple phases. These phases, or process groups may be illustrated as 
below. The project planning phase is needed to ensure that a project is planned and 
scheduled properly and to support the project to be completed on time. 

 
Figure 10: Process groups in a phase (PMI, 2000, p. 31) 

In this description of the subject the structure from the Guide to the Project Management 
Body of Knowledge (PMI, 2000) is used. Project Planning (or Project Time Management 
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as PMI choose to call it) includes five sub processes according to the PMI definition: 
Activity Definition, Activity Sequencing, Activity Duration Estimating, Schedule 
Development and Schedule Control. However, the model can be adjusted to specific project 
requirements. For example, two or three processes may be bundled and viewed as a single 
process in small projects. The level of detail in each step may be adjusted, but mostly the 
entire process should be covered in one way or another. However, alternative project 
methodologies with less formalised processes exist. These do not emphasise specification 
of activities, but use milestones for project management. 

3.3.1 Activity Definition 
The first step, activity definition, involves defining and documenting the activities that the 
project should consist of in order to fulfil its objectives. The main input to this process is 
the Work Breakdown Structure (WBS) that defines the work item hierarchy for the project. 
The activity definition should aim to identify the activities needed to produce the deliveries 
and sub-deliveries in the WBS. The fundamental method for this identification is called 
decomposition. Each work item is subdivided into smaller units step by step. The activity 
list and the WBS may be developed simultaneously, but the activity list should be 
concerned with actions needed to complete the project. The WBS on the other hand is a 
description of tangible items and deliverables. Activity lists from previous projects may be 
an important source of input for the development of new activity lists. Furthermore, an 
activity list for one WBS element may be used as a template for another element. The 
resulting activity list from this phase includes a complete list of activities with descriptions. 
The WBS may also be updated with missing deliverables found or clarifications and 
corrections of the descriptions. 

3.3.2 Activity Sequencing 
Undoubtedly there exist dependencies between activities in any project. Activity 
sequencing is concerned with the identification and documentation of interactivity between 
activities. The activities in the activity list produced in the previous step must be sequenced 
to be able to develop a realistic schedule. Different techniques can be used for sequencing 
depending on the complexity and the need of detail in a project. Activity sequencing can be 
done manually using simple diagramming techniques or with the support of computer 
based tools. 

Different types of dependencies need to be accounted for in activity sequencing. This 
includes mandatory dependencies inherent in the nature of the work being done, so-called 
hard logic, such as physical limitations. Discretionary dependencies are defined by the 
project management team and are based on “best practices” or desired sequences. 
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Discretionary dependencies are also referred to as preferred logic or soft logic. Finally, 
there are dependencies that involve external relationships. These are consequently called 
external dependencies. 

Many diagramming techniques exist to visualise activity sequencing, such as the 
Precedence Diagramming method (PDM) and the Arrow Diagram Method (ADM). PDM is 
probably the most common method for describing project logic and is illustrated in the 
figure below. Nodes (boxes) represent activities and arrows show dependencies between 
the activities. Four types of dependencies exist: 

•  Finish-to-start – the from-activity must be finished before the to-activity can be 
started. 

•  Finish-to-finish – the from-activity must be finished before the to-activity can be 
finished. 

•  Start-to-start – the from-activity must be started before the to-activity can be 
started. 

•  Start-to-finish – the from-activity must be started before the to-activity can be 
finished. 

The finish-to-start dependency form is the most common, and often only this form is used 
in activity sequence diagramming to avoid unexpected results and unnecessary complexity. 

Start Finish

1 2 3

4 5

Start Finish

1 2 3

4 5  
Figure 11: Precedence Diagramming Method example  

In addition to PDM and ADM, there are conditional diagramming techniques that support 
loops and conditional branches. An example of this type of diagramming technique is the 
Graphical Evaluation and Review Technique (GERT).  

Activity sequence diagrams can be re-used as templates for similar activities and modular 
sub-diagrams (so-called subnets). The diagram may include full project details or 
summarised activities (so-called hammocks). The sequence diagrams should be 
complemented with textual descriptions of dependencies and assumptions when 
appropriate. 

3.3.3 Activity Duration Estimating 
The basic technique used today for the specific purpose of activity duration estimating is 
the Critical Path Method (CPM). CPM, however, has a number of limitations and 
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deficiencies. Monte Carlo Simulation has gained a lot of, mostly positive, attention in 
research in the Risk Management area during the last decade. Simulations are used to 
simulate a model of a system (for example a project) to analyse its performance (time). 
CPM and Monte Carlo simulation will be thoroughly explained in chapter 3.4. The 
advantages and disadvantages of each method will also be outlined. 

3.3.4 Schedule Development 
Schedule development may be conducted in parallel to activity duration estimating. It 
consists of determining start and finish dates for activities based on duration estimates. The 
resource requirements need to be accounted for along with calendar constraints. There may 
also be imposed dates and milestones such as delivery requirements from the sponsor, the 
customer or external factors that affect the project plan. Leads and lags refer to scheduled 
overlaps and delays that also need to be incorporated in the project plan. The major output 
of this phase is the project plan with activities, duration, resource requirements, constraints 
and dates. A schedule management plan, defining how changes to the schedule will be 
managed (formal or informal), should also be constructed. 

3.3.5 Schedule Control 
Schedule control involves handling 1) factors which change the schedule, 2) changes of the 
schedule and 3) management of the changes. Schedule control should be integrated in the 
running project control. Performance reports and change requests are the basis of schedule 
control. Changes of the schedule may also need additional planning in the form of revised 
activity duration and so forth. Some revisions may require “rebaselining” to provide 
realistic data to measure performance against. Project management software is useful in 
that it can track baseline plans versus actual dates or revised plans. It can also predict real 
and potential effects of schedule changes. Additional output from the schedule control 
phase is the lessons learned of factors that cause changes, corrective actions. 

3.4 Schedule Risk Analysis 
As mentioned above schedule risk analysis can be seen as risk management applied to the 
project planning context. Schedule risk analysis provides a more nuanced picture of the 
project schedule. Using tools such as CPM or simulation, the effect of risks inherent in the 
project schedule is estimated. 
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3.4.1 CPM1 
The Critical Path Method (CPM) is a key tool for project management. It is 
overwhelmingly the standard approach for considering the effects of delays on a project 
(Williams, 2001). According to Hulett (1996), a schedule network represents the project 
strategy. A schedule is developed based on a network of activities with estimated duration. 
CPM is used to find the longest time path through the network. (Powell & Pierce, 1999) A 
path constitutes of strings of linked predecessor and successor activities. 

CPM computes the shortest project duration and the completion date based on the longest 
contiguous path (using single-point estimates) through the network. This is called the 
critical path and determines the length of the project. Any delay in an activity on the critical 
path will delay the entire project. Delays in other parts of the network will not necessarily 
affect the completion date.  The critical path is illustrated in the Gantt chart below. Activity 
1, 2 and 6 (black) is on the critical path and the project duration is therefore calculated by 
adding the estimated duration for these activities. 

 
Figure 12: Critical Path 

A lot of criticism has been raised towards CPM. It is very important to be aware of the 
limitations of this method. 

CPM is based on single-point estimates and therefore gives a false notion that the future 
can be predicted precisely. One common misconception is that since estimates are based on 
most likely estimates things will even out by law of averages. (Kandaswany, 2001) In 
almost all cases, the CPM completion date is not the most likely. (Hulett, 1996) 

The activities on the critical path may not be the most likely to delay the project. Tasks not 
on the critical path can, due to deviations from the plan (risk), end up on the critical path. 
The use of CPM can therefore direct management’s attention to activities not likely to delay 
the project.  The duration of each task is an estimate subject to uncertainty. (Kandaswany, 
2001) The critical path may vary and single tasks may or may not be on the critical path 
when randomness is accounted for. In  Figure 13 the duration of one single activity (4) was 
changed from 5 to 7 days and because of this change, it and the following (5) ended up on 

                                                 
1 Some illustrations are screenshots from the most common project planning software, Microsoft Project 
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the critical path (black). Activity 1 and 2 is no longer on the critical path. CPM does not 
account for uncertainty in activity duration. 

 
Figure 13: Revised Critical Path 

Project duration is probabilistic and therefore predictions of completion dates should be 
accompanied by probabilities. The duration calculated by CPM is simply an addition of the 
most likely estimates, which is only accurate if everything goes according to plan. (Hulett, 
1996) The CPM date is rarely a good approximation of the most likely date. Even with a 
single path project, the CPM date is almost always far too optimistic. (Goodpasture, 1999) 

Another limitation of CPM is that it does not account for path convergence and therefore 
tend to underestimate the duration of the project. This is illustrated below. If three parallel 
activities all have an estimated duration of 10 days, the CPM-calculated duration will be 10 
days. However, if any one of the activities is delayed, this estimation will not hold. The 
likelihood of meeting the predicted merge date is the product of the probabilities of each of 
the joining paths. (Goodpasture, 1999)  

Start

1 (10d)

3 (10d)

2 (10d) Finish

10 days  
Figure 14: Path Convergence 

One way to deal with the limitations of single-point estimates is to use Program Evaluation 
and Review Technique (PERT)-calculations of tasks’ duration. The PERT method is 
similar to CPM, however PERT considers each activity stochastic in that variability is 
allowed in each activity. PERT is based on three-point estimates of activities duration and 
uses a distribution’s mean (expected value) instead of the most-likely estimate used in 
CPM. In any slightly skewed distribution, the mean value will differ from the most likely 
estimate. Through the optimistic and pessimistic estimates this model takes uncertainty into 
account. The PERT model and mean calculation is illustrated below. 
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Figure 15: PERT Duration Calculation 

PERT is supported in the most common project planning software (Microsoft Project). 
Duration estimates have been entered in the PERT Entry Sheet below. A weighted average 
has also been calculated in the “Duration” column. The application provides gant-views for 
optimistic, pessimistic, expected and average duration schedules. These views provide the 
project planner with a better picture of the overall project duration. The Gantt chart below 
illustrates the schedule based on weighted average duration. 

 
Figure 16: PERT Entry Sheet 

 
Figure 17: Gantt chart based on weighted average (PERT) calculations 

PERT does not overcome the the problem with CPM related to path convergence. 
Simulation models can overcome this limitation. 

3.4.2 Monte Carlo simulation 
Schedule simulation should be used on any large or complex project since traditional 
mathematical analysis techniques such as CPM and PERT do not account for path 
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convergence and thus tend to underestimate project duration.  (PMI Standards committee, 
1996) 

To conduct a schedule duration simulation, first of all a CPM schedule should be created. It 
should cover enough detail and clearly show parallel paths and merge points. However, it 
should not be too detailed, since this makes it impractical and burdensome. All parts of the 
network need detail because of the variability in the critical path explained above. (Hulett, 
1996) The procedure of creating a CPM network has been covered previously. 

Secondly, the uncertainties in the activities duration should be estimated. Historical data is 
valuable for getting a conception about risks in previous projects. However, because of the 
individual nature of each project, weight must often be given to subjective estimates (Artto, 
1997b) To estimate activity duration therefore usually involves gathering necessary 
estimations from task managers through, for example, interviews or questionnaires. The 
estimations should be based on perceptions of risks and opportunities. The task managers 
ought to be most knowledgeable on risks in their activity and the risks’ potential impact on 
duration. Experienced guidance is however often needed to develop duration ranges. 
(Hulett, 1996) Risk and opportunity drivers should be assessed for each activity. The 
probability and impact of the risk driver is also estimated. 

Collecting project schedule risk data can be problematic. Some activity managers are 
reluctant to commit time to develop the information needed for a risk analysis. Risk 
analysis may also highlight bad news or expose problems, which may be unwanted by the 
managers. It is also difficult to develop realistic duration ranges, especially for unlikely, but 
still possible events. (Hulett, 1996) 

“In all modelling work, the reliability of the output is critically dependent 
upon the quality of the model and the integrity of the input data. If these issues are 
ignored, risk-based forecasts for projects can be worthless, or even misleading”  

(Hopkinson, 2001, p. 1) 

To simplify the process of duration estimation risk banding can be used. (Hulett, 1996) 
Activities are then bundled in groups with common risk characteristics. Optimistic and 
pessimistic estimates are expressed in percentages from the most likely (CPM) duration. 
For example, risk category “A” may use minus 25% and plus 10%. These rules of thumb 
are then applied to all activities in the group. 

Duration estimates cannot be used to simulate the project performance if a probability 
distribution is not assigned to the activity. A probability distribution expresses the relative 
likelihood of outcomes within the range defined by the three-point estimates. A number of 
distributions are usually considered in project duration calculation such as the triangular, 
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normal, beta, uniform and exponential distributions. The beta distribution is used in PERT-
calculations and illustrated above. The four others are shown below. 

 
Figure 18: Statistical distributions 

Choice of distributions can be based on experience/theoretical motives, historical data or 
multi-point estimates. If historical data is available for activity duration, distributions can 
be “fitted” to these data. Some commercial risk analysis tools support this process. An 
alternative method is to ask activity experts to make multi-point estimates (0%, 25%, 50%, 
75%, 100% chance) and to obtain a cumulative probability curve from these plot points. 

According to Chapman & Ward (1997), specific probability distributions should not be 
used without thought. The normal distribution, for example, assumes the central limit 
theorem and should not be used where it is not understood and applicable.2 Many consider 
Chapman & Ward the gurus of project risk management and their view is illustrated in the 
citation below. 

 “…while specific probability distribution functions can provide more 
precision, this is usually spurious, and specific probability distributions usually 
provide less accurate estimates. The exceptions to this rule arise when the 
assumptions inherent in some distribution functions clearly hold, and a limited data 
set can be used to estimate distribution parameters effectively… However, it is 
counterproductive, if not dangerous, to do so if the nature of these assumptions are 
not clearly understood and they are not clearly applicable.”  

(Chapman & Ward, 1997, p. 171) 

Triangular distributions are often used in risk analysis because they are easy to specify and 
to use in analysis. Enough information to specify other, more precise, distributions is often 
not available (Hulett, 1996). It is a convenient distribution for cost and duration of activities 
that are obscure or complex (Chapman & Ward, 1997). The triangular distribution covers a 
finite range, with values in the middle of the range more likely than values of the extremes. 

                                                 
2 The central limit theorem states that whatever the population, the distribution of the sample mean is 
approximately normal when the sample is large. (Johnson & Tsui, 1998) 
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It can also show a degree of skewness (ibid). It can be specified by only three values; the 
most likely value, the upper and the lower bound. An alternative approach is to specify 
optimistic and pessimistic estimates (for example 10% or 5% from the extremes). Other 
distributions lack the simplicity and transparency of the triangular distribution. 

“In the absence of any theoretical reasons for preferring them, and given 
limited precision in estimates of distribution parameters, it is doubtful whether use of 
Beta, Gamma or Berny distributions have much to offer over the use of the simple 
triangle distribution”. 

(Chapman & Ward, 1997, p. 174) 

When duration estimations have been made and probability distributions have been chosen, 
the duration of the entire project schedule can be calculated. To assess how risky the 
schedule is, it is common to iterate the schedule hundreds or thousands of times through the 
use of simulation techniques. This is the third and final step. The Monte Carlo method is 
the most common approach to simulation. The simulation can be conducted in spreadsheet 
applications such as Microsoft Excel, while this requires the development of a rather 
complicated model. Commercial add-in programs that support Monte Carlo simulation 
calculation exist for Microsoft Excel (such as Risk+3 and Crystal Ball4) and for 
Microsoft Project (@Risk5). There are also specialised applications for the purpose of 
risk quantification and simulation (such as Futura Nova6). The commercial applications 
are generally expensive (see price list in Appendix 1).  

The generic process used by simulation tools can be described in the following 6 steps: 

1. Generate uniform random number on the interval  (0 – 1)  
2. Transform the random number into an appropriate statistical distribution – the 

resulting number is referred to as a random variate. 
3. Substitute the random variates into the appropriate variables (duration estimates) in 

the model. 
4. Calculate the desired output parameters within the model (the total duration). 
5. Store the resulting output for analysis. 
6. Repeat 1 – 5 a large number of times – note that random numbers must be different. 

The simulation generates a random activity duration based on input data (three-point 
estimates) and probability distribution assignments for each activity, and calculates the 
entire project duration. The process is iterated 500 or 1000 times and based on this a 
cumulative probability curve can be developed. 

                                                 
3 http://www.cs-solutions.com 
4 http://www.decisioneering.com 
5 http://www.palisade.com 
6 http://www.futurarisk.com 
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Figure 19 shows the results of a 500 
iteration simulation of a simple project 
network conducted in Microsoft 
Excel. The results of the simulation 
is summarised with details on 
maximum, minimum, average and 
standard deviation values. The 
frequencies of results in defined 
intervals, the probability and 
cumulative probability have been 
calculated to build a frequency 
histogram and a cumulative probability 
curve.  

Figure 19: Example of simulation results 

The histogram below illustrates the frequencies in given intervals and the curve shows the 
cumulative probability for the completion time. Out of 500 iterations the project completion 
time was in the interval “280-300 days” 200 times. The cumulative probability for that 
interval was approximately 60%. There is consequently a 60% chance that the project 
meats this completion time. Using the “Enter Desired Completion Time”-field in the 
spreadsheet (Figure 19) the estimated completion probability can be calculated. This is 
basically a function to derive the probability of a specific completion time as if drawn from 
the curve below. 

 
Figure 20: Probability and frequency diagram 

Monte Carlo simulation delivers precise estimations of the project duration that includes all 
necessary project network logic. However, simulation is not free from uncertainty. Some of 
the issues related to the process are described in section 3.4.3. 
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At this point one needs to ask oneself if projects that use Monte Carlo simulation are better 
planned? Is the use of simulation as a planning tool correlated to project performance and 
success? 

Klakegg (1997) states that the use of tools supporting either the Successive principle (see 
chapter 3.5) or Monte Carlo simulation has been most usual and most successful in the 
Scandinavian countries. The Monte Carlo simulation technique has the most elegant, and 
the biggest number of tools to choose from. (Klakegg, 1997)  

Raz & Michael (2001) have conducted a survey among a sample of project managers in 
Israel during 1998 to find which project risk management tools that are more likely to be 
used in those organizations that report better project management performance. Simulation 
was ranked highest of all tools in regards to contribution to the project risk management 
process. Raz & Michael states that use of these tools moves the organization towards the 
current state of practice in the field. Simulation was also one of 14 tools found to have 
significant statistic correlation with project performance.  

Hansen & Millar (1997) have conducted a survey among expert project management 
practitioners in the UK Association of Project Managers (APM) to determine the level of 
awareness of project risk analysis and management techniques. 72% of the participants 
responded that they currently use Monte Carlo simulation. Only “Checklists” got a higher 
ranking (76%). 

3.4.3 Issues in the process of schedule risk analysis 

“The greatest amount of effort and judgement goes into developing the three-
point activity duration estimates to use in a schedule risk analysis.”  

(Hulett, 1996, p. 13) 

Since projects are non-repetitive processes, historical data has limits or may not even be 
available and subjective judgements constitute the main source of information on the 
factors influencing project progress. These judgements by specialists are based on earlier 
projects and therefore are constraining issues in the project management process. (Cagno & 
Caron, 1997) 

In general, project management can be seen as a prevention tool able to provide signals of 
the constraints in the project process that may cause deviations in plans. In this respect, the 
application of specific methodologies of risk management including evaluation of risks in 
terms of the probability of their occurrence and their impact tends to become a requisite for 
the quality of project management. In this context, the usefulness of results obtained by risk 
analysis depends on the reliability of the input data. Taking into account the non-repetitive 
nature of projects, estimations of fluctuation in the network activities can only be based 



 
Risk Management in the bidding context – a schedule risk analysis approach 

Byström & Pierre 
 

 
31

on subjective judgement of specialists. (Cagno & Caron, 1997) 

Traditional statistical theory regards probability as a measurable frequency. The so-called 
Bayesian interpretation of probability theory however, defines probability differently. 

“In the so called bayesian interpretation of probability theory, the concept of 
probability as a measure of the degree of belief with respect to a particular event 
replaces that of probability as a limit of some “measurable frequency”.” 

(Cagno & Caron, 1997, p. 140) 

Probability is thus a measure based on the state of knowledge related to the particular event. 
This interpretation of the concept of probability resolves the theoretical impossibility of 
defining probability for events for which there is no historical data available. It also allows 
probability estimates to be changed on the basis of information that modifies the previous 
state of knowledge. For instance, even if a large sample of data on duration of a typical 
project activity is available, the traditional interpretation of probability theory does not 
allow the estimate to be changed on the basis of new information, such as the introduction 
of a new technology for the implementation of the activity itself. This is however possible 
with the Bayesian approach. (Cagno & Caron, 1997) 

The use of a probability value drawn from data records, even when available, can only be 
taken as a reference and cannot be considered true. With specialists’ knowledge, both the 
differences in a particular project with respect to previous experiences, and the effect of 
specific project conditions on the probability of completion on time can be taken into 
consideration. (Cagno & Caron, 1997) 

Expert Judgement 

The key objective to good risk assessment is to gather good data. While objective data may 
be preferable, it’s frequently not available. The best technique for collecting subjective data 
is to interview project participants and subject matter experts, based on a questionnaire 
developed for the project and aiming at risk. (Hulett, 2000) One important consideration is 
ensuring that explicit or implicit rewards do not motivate estimators to be dishonest or 
biased in their estimates. For example, a concern to avoid being regarded as pessimistic 
might cause estimates to be unrealistically optimistic.  

Another failure to specify the extent of uncertainty about a quantity may be due to a process 
of estimating uncertainty by making adjustments to an initial value (for example gathered 
in previous calculations). Unfortunately, subsequent estimates are typically insufficient 
different from the initial value. Moreover, for a single problem different starting points may 
lead to different final estimates. (Chapman & Ward, 1997) This effect is known as 
“anchoring”. (Tversky & Kahneman according to Chapman & Ward, 1997)  
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Conjunctive events typically occur in a project where success depends on a chain of 
activities being completed. The probability of single activities being completed on time 
might be high but the overall probability of completing the project on time may be low, 
especially if the numbers of events are large. Estimates of the probability of completing the 
whole project on time are likely to be overoptimistic if based on adjustments to the 
probability of completing one activity on time. In this setting unbiased estimation of 
completion time for identified activities can be achieved with appropriate project planning 
software, but anchoring may be an implicit cause of overestimation. (Chapman & Ward, 
1997) 

The judgement of an event as likely or frequent is often based on if it is easy to imagine or 
remember. Events are easily imagined simply because they have been recently brought to 
attention. Thus a recent incident, recent discussion of a low probability hazard, or recent 
media coverage, may all increase memorability and imaginability of similar events. 
(Chapman & Ward, 1997) 

Three-point estimates 

To estimate probabilities is a difficult procedure.  One solution for this problem could be to 
employ range estimates, e.g. three-point estimates, which do not directly express 
probabilities but enable a realistic interpretation. And as far as the reliability issue is 
concerned, some people argue that accurate quantitative risk results are not necessarily the 
most important requirement for measuring the quality for a quantification process. Instead, 
risk response planning and creating teamwork with risk reduction as a result might be the 
goal. (Artto, 1997a) 

The three-point estimates (optimistic, most likely and pessimistic) used as parameters in a 
risk model typically mark out the range of outcomes from the 5th to the 95th percentiles and 
constitute the basis for time schedules. In practise projects participants find that the 
proportion of activities that exceed the pessimistic points is actually much greater than 5%. 
This indicates that there is a tendency for three point estimates to be to narrowly spread 
and/or incorrectly biased towards the optimistic schedule. (Hopkinson, 2001) 

There may be a number of factors that cause the risk estimates to be too narrow. One factor 
is that people often overestimate the amount of information available. This misjudgement 
can cause the forecast to be based on assumptions that turn out not to be fulfilled. People 
have also noted underestimation of the impact of risk covariance. The result of this is that 
when each activity is considered in isolation, it is easy to underestimate the variance that 
could occur. When collecting data for a risk model it is important to have the nature of 
variance estimation in mind, so that the data is based on an objective consideration of issues 
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that could have impact upon the activity duration. (Hopkinson, 2001) 

3.5 The Successive principle – an integrated approach 
The Successive principle, also known as the Lichtenberg method, is, to the best of the 
authors’ knowledge, the only integrated approach to risk management where attention is 
given to both high-level methodology, qualitative processes and to quantitative techniques 
such as simulation. Steen Lichtenberg developed the ideas of the Successive principle 
during the early 1970’s. The Successive Principle cannot be described here in its entirety. 
An introduction to the approach is however given below. It is based on the book “Proactive 
Management of Uncertainty using the Successive Principle” (Lichtenberg, 2000) and on the 
manual material available in the Futura Nova™ software (see Appendix 4 for more 
information on Futura Nova™) that supports the method. 

3.5.1 Process 
The Successive Principle requires an Analysis Team of 5-12 people from diverse 
disciplines and with diverse personality types. A neutral facilitator (normally a consultant) 
that is skilled in the use of the method is also needed. The process used in the Successive 
Principle has three phases: Qualitative Analysis, Quantitative Analysis and Action. The 
entire process takes 2-3 days to complete and is conducted as a workshop outside the 
normal organisational environment. 

The Qualitative Analysis starts with the development of an introduction/overview, which 
should contain the objectives of the analysis, unique factors relevant to the project/situation, 
limitations and fixed conditions for the situation. The next step is a brainstorming exercise, 
in which issues are identified using an issue matrix (see Figure 21) issues are not 
necessarily risks, but should be seen as variables that can differ and that affect the project 
either positively or negatively. The issues are then grouped in categories or so-called 
Overall Influences. The reason is to maintain independence between variables (more about 
this later). After the issues have been grouped a Base Case (planning reference) is 
developed based on assumptions for each Overall Influence. For each issue group a base 
case and how it could be better/worse is defined and listed in a table. This is called the 
Scenario Analysis. 
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Technical Isues People Issues Commercial Issues 
 

Market 
 

Technical trends 
Approvers 

Customers 
Competitors 
Suppliers 
Legislators 
Distributors 
Fashions/trends 

Price trends 
Exchange rates 
General economics 

Company 
 

Know-how 
Test facilities 
Pilot plant 
Production 
Quality 

Personnel 
Communication 

Marketing policy 
Market research 
Budgets 
Strategic plans 

Project 
 

Product characteristics 
Specific technical issues 

Project management 
Leadership 
Teamwork 
Priority over personnel 

Time schedule 
Budget 
Strategic fit 

 
Figure 21: Issue matrix (Lichtenberg, 2000, p. 65) 

Two types of analysis are included in the quantitative phase: time schedule analysis and 
budget, cost or profitability analyses. Quantitative models are developed using a top-down 
perspective. A small number of aggregated budget/cost/profit items or activities constitute 
the starting point for the analysis. Detail is then added to the analysis by breaking down the 
most uncertain items or activities. This approach is called the Successive Principle. The 
method is essentially the same whether a schedule network or a budget is developed. Three-
point estimates are incorporated in the model and a Monte Carlo simulation is run to 
calculate more nuanced values. The Monte Carlo method is explained above and a 
presentation of the software associated with the Lichtenberg method (Futura Nova) is given 
in Appendix 4. Two details of the quantitative phase, Lichtenberg’s choice of statistical 
distribution and the concept of Overall Influences are further commented in chapter 3.5.2.  

The third and final phase, Action, uses the output of previous phases to identify potential 
Action Areas. Having established potential action areas, the Analysis Group brainstorms 
Solution Ideas for each area. More than one solution should be identified for each action 
area. The solution ideas are then ranked by discussion or by individual ranking by the 
participants. Solutions are chosen based on the ranking and Action Plans are developed for 
them. The Action Plans may be developed by individuals, but it is necessary to identify the 
owner of each plan during the group session. 

3.5.2 Statistical reasoning 
Because of the lack of objective statistics, the Lichtenberg method is largely based on 
subjective judgement concerning the future. It makes use of the aforementioned Bayesian 
Statistic rules. The standard statistical rules are still applied, but probability distributions of 
variables are belief functions rather than justified from populations of historic data. An 
assumption is made that the true probability function can be approximated with a 
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specific distribution. The Lichtenberg Method uses the Erlang K5 distribution, “since 
empirical and theoretical research have shown these to be particularly suited to the type of 
parameters that are involved in planning and budgeting” (Futura Nova manual). 
Lichtenberg (2000) includes a quite extensive subjective explanation of the choice of 
statistical distribution that is based on the characteristics of man-machine systems and the 
processes associated with manufacturing and construction. Lichtenberg (2000) argues that 
the Erlang functions represent real life uncertainties relevant in this context quite well, but 
adds that other distributions may be used when “deemed more relevant”. He also states that 
significant sources of error do not stem from the choice of distribution function, but 
primarily from lack of complete and/or accurate identification and undetected statistical 
dependencies. (Lichtenberg, 2000) The Successive Principle includes a rather sophisticated 
approach to solving statistical dependencies that may affect the precision of the 
calculations. The so-called Overall Influences identified are quantified and used to correct 
the calculated values during the simulation. 

 



 

 36



 
Risk Management in the bidding context – a schedule risk analysis approach 

Byström & Pierre 
 

 
37

4  THE CASE STUDY 

In this chapter we present our case company and give a description of the current 

practice in risk management and project planning. The feasibility of a new schedule risk 

analysis approach has also been investigated. 

4.1 Company presentation 
4.1.1 The History of SAAB 
In 1936, at the rising of World War II, the Swedish government took a defence decision to 
develop a domestic aircraft industry. The most important industry in this period of time was 
the Swedish Railway factory’s aircraft division (ASJA) in Linköping, where they, for a 
period of several years, had manufactured aircrafts on license for the Swedish Air Force. 
One year later, in 1937, a proposal to organise Svenska Aeroplanaktiebolaget, SAAB was 
sent to the Swedish government by a number of companies. 

After the Second World War, SAAB expanded to develop computers, cars and trucks, 
however aircraft manufacturing was still a major cornerstone in the company group. One 
highlight in the company history was 1954 when the SAAB-developed combat aircraft, the 
Flying Barrel, managed to break the world speed record on a 500 km closed circuit. In the 
early 60’s the Swedish government took a decision to develop the aircraft system SAAB 37 
Viggen. The Air-to-Ground version of the aircraft was delivered to the Swedish Air Force 
in 1971. Viggen as a “two-part-role combat aircraft” became the major fighter in the 
Swedish Air force through the 70’s, 80’s and 90’s. In the last decade the transition to the 
JAS 39 Gripen started. During the second part of the century SAAB also developed other 
combat aircrafts such as Lansen and Draken. 

In 1980 SAAB started to develop a commercial airliner together with the American 
company Fairchild Industries (SF340). Four years later the aircraft went in to service for 
the Swiss company Crossair. In the same year Fairchild Industries withdrew from the 
project and SAAB gained overall control. A new airline project was launched in 1988, the 
SAAB 2000. The last airliner for civil purpose was delivered in 1999 after SAAB made the 
decision to close down the development of civil airliners and continue the commercial 
program as a subcontractor to other aircraft developers. 

During the 90’s the business areas of the SAAB group were concentrated to be more 
focused on the defence industry. As a result of this SAAB Automobile was sold to General 
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Motors in 1990. In 1995 Scania, the truck division, was organised as a separate company. 
British Aerospace (BAe) purchased 35% of the SAAB stocks and the “new” company was 
introduced to the stock market in 1998. One year later SAAB purchased the Swedish 
defence company Celsius and as a result, the SAAB group became the one and only 
Swedish company in the defence industry.  

4.1.2 SAAB market history  
In the last decades, SAAB has been selling products to different countries. The main 
customer has been the Swedish government, however other companies have bought mainly 
different types of aircrafts. Except from the civil airliners sold by SAAB, combat aircrafts 
have also been sold to countries like Finland, Austria and Denmark. SAAB’s past market 
situation has been strictly regulated and in close cooperation with the Swedish government 
due to the characteristics of solutions with for example agreements in mutual investments 
and due to the political interests in the contracts. Since SAAB merged with BAe the market 
situation has changed towards a multi-customer environment. Deals involving Gripen have 
been closed with South Africa and Hungary. 

4.1.3 The Company Strategy 
After the SAAB group bought Celsius in 1999 the SAAB group was divided into 6 business 
units; SAAB Systems and Electronics, SAAB Aerospace, SAAB Technical Support and 
Services, SAAB Bofors Dynamics, SAAB Ericsson Space and SAAB Aviation Services with a 
total net income in 2001 of 15.7 billion SEK. The total research and development cost for 
the SAAB group was 24% of the net income.  

The SAAB group’s main strategy for the forthcoming years is to take advantage of 
expected future growth and focus on sectors such as systems integration and niche areas in 
intellectual, value-adding products and high-technology services that will meet the 
customers’ future needs. The SAAB group intend to strengthen their position trough further 
acquisitions and divestments and by playing an active role in the continued restructuring of 
the global defence- and aerospace industry. 

4.1.4 The Business areas 
A short presentation of the current business areas of the SAAB group follows below. 

SAAB Systems and Electronics develops Command and Control Systems, Electronic 
warfare and signature management, Avionics, Training and simulation and Commercial 
systems for the armed forces around the world. The Swedish defence force is the single 
largest customer. Other major customers are The United States, Germany, United Kingdom 
and other Nordic countries. The foreign market constitutes 47% of sales. 
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SAAB Aerospace’s major product is the Gripen fighter, which competes in the military 
aircraft market around the world. In the commercial market there are two major customers 
that develop large passenger aircrafts and to which SAAB Aerospace act as a 
subcontractor; Airbus and Boeing. SAAB Aerospace’s total share of sales in foreign 
markets is 5%. 

SAAB Technical support and Services performs Technical services, Maintenance and 
Customised system deliveries to the Swedish defence, the rest of the defence industry and 
other high-technology companies around the world. The foreign market constitutes 18% of 
sales. 

SAAB Bofors Dynamics develops and sells weapon systems for Air/Sea, Air, Land, 
Infantry and Underwater warfare. Main customers are different countries’ armed forces and 
the 47% of sales is to the foreign market. Some of the best-known products are the BILL 
(Bofors Infantry Light and Lethal) antitank missile and the Carl-Gustav 84mm direct fire, 
multi-role man-portable infantry weapon.  

SAAB Ericsson Space provides Digital products, Micro Wave products and Mechanical 
products for public financed space research, such as NASA and ESA. Other customers are 
commercial space companies like Alcatel and Boeing. The sales to foreign markets in this 
area are 93%. 

SAAB Aviation Services divides its activities in two areas providing Customer support for 
SAAB regional aircrafts and Commercial aircraft maintenance to airlines around the world. 
Customer support focuses on North America and Commercial aircraft maintenance on 
Australia and Southeast Asia. The foreign market sales in this area constitute 90%. 

4.1.5 SAAB Aerospace 
SAAB Aerospace is divided into three business units, Gripen, Future products and 
Commercial Programs. Future Products focuses on generating new products such as 
helicopter subsystems, unmanned aerial vehicles, SAAB net-based defence and future pilot 
training systems. Growth potential within the business area can be found in developments 
towards network centric warfare capabilities and is also stimulated by the growing need to 
replace older generations of military equipment. Commercial Programs participates in 
several civil aircraft areas and aim at collaboration in design and system integration phases 
of aircraft structures development and to eventually take the responsibility for production 
and aftermarket activities. The Business Unit Gripen develops and manufactures the aircraft 
JAS 39 Gripen. The Gripen system also has an important role in the network centric 
defence structure, which is being developed with the Swedish armed forces and elsewhere. 
The organisational structure of SAAB Aerospace and the Gripen business unit is shown in 
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the figure below. Program Management, indicate in the figure, is where this study primarily 
takes place. The Business Unit Gripen will from now on be abbreviated BUG.  

 SAAB Aerospace

Future ProductsGripen
Commercial 

Programs 

Customer  
Satisfaction  
and  Quality 

Finance 

Personnel

Program 
Management 

Product 
Management

Secretary

Commercial Customer 
Support

Systems
Development

and Verification

Airframe 
Design and 
Production 

Procurement Systems and 
Flight Test

 
Figure 22: Organisational chart, SAAB Aeropspace 

The overall market situation for SAAB Gripen has in the last decade changed from a one-
buyer-one-seller to a multi customer situation. This, and an overall increasing price of 
aircrafts have made the intended buying countries focus more on the market conditions. In 
order to be successful in this context the offer needs to include four different components; 
Product, Political, Price/Finance and Industrial cooperation (according to Internal material, 
SAAB Business Plan). These components are explained below. 

The product includes the aircraft and armament, but also system integration with the buying 
countries’ other weapon systems like naval warfare units and air defence systems. The 
airplane itself needs to have superior combat performance and maintenance solutions fitted 
for the buying country to be competitive.    

To be successful in the political arena, there are several demands that need to be fulfilled. 
Depending on the buying country the deal has to be consistent with for example EU and 
NATO membership. It also has to ensure stable governmental support from the selling 
country. 

The financial parts of a deal does not only include the price. In this business context the 
seller must offer an advanced financial solution. Government support included in the 
business deal is required together with a tailored financial solution for each customer due to 
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the magnitude of the deal (billions of SEK).  

An extensive industrial cooperation solution must also be offered to win an export contract. 
Temporary offset deals have to be taken to the next level of permanent industrial 
cooperation. One particular part in the deal is to start an industrial cooperation base that 
will increase over time and include a high technology transfer process. 

4.1.6 Program Management 
The Program Management division (also named GT) carries out ongoing programs at the 
Gripen Business unit and provides support when offers are made to potential customers on 
the market. The department is divided in five Program Management areas: Sweden, South 
Africa, Export Baseline Standard, Export Campaigns and Industrial Cooperation. Program 
Management also includes a Program Support Department, (from now on referred to as 
GTP). This study is conducted at GTP. The department currently has 22 employees 
including managers, administration, system administration and a trainee. The department 
performs five major tasks: Planning, Estimation, Controlling, Resource planning and Risk 
management. Some employees carry out more than one function. The “Support” part of the 
department name indicates that these services are provided throughout the BUG 
organisation. The support tasks are described below based on internal job descriptions 
(SAAB Arbetsbeskrivningar GTP-03-008) and data gathered through conversation with 
employees within the department. The department manager has verified the content of this 
section. 

Planning 

The planners (approximately  7 employees) produce and coordinate schedules for projects 
and for offers. The schedule plan consists of time estimates from all parts of the 
organisation involved in the development, production, delivery and support of the products 
and services offered. Distinction is made between export customers and the Swedish 
Defence Material Administration (FMV). FMV is the single largest customer for BUG. 
Different planners handle the domestic and international planning tasks, but the work is 
essentially the same. Planning for FMV generally concerns smaller objects in terms of 
budget and time, such as improvements and modifications of the in-service aircraft fleet, 
while export planning involves large offers of entire fleets to nations’ armed forces. 
Planning is also conducted for “projects”, which refer to larger distinctive modification 
efforts of the aircraft system. The planner supplies updated schedules, forecasts and 
progress reports to running projects. 
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Estimation 

The estimate coordinators (approximately  6 employees) issue Requests for Estimation 
(RFE) to estimators in the organisation after a customer has submitted a Request for 
Proposal (RFP). This initiates the process of estimation in all parts of the organisation 
involved in the offer, such as the departments for Airframe Design and Construction, 
Customer Support and System Development and Verification. The estimate coordinator 
defines the Work Breakdown Structure (WBS) in a system called Delfi, where subsequent 
estimates are entered. The estimate coordinator puts together a summary of the estimates 
and applies margin. The result is an integrated estimation including sales price. 

Controlling 

The controlling function (approximately 5 employees) carries out project and contract 
controlling. The project controller is responsible for establishment and coordination of 
economic activities throughout the project. This includes the establishment of an economic 
baseline, forecasting, calculation and presentation of business ratios and earned value 
calculations. The information serves as the basis for economic decisions. The project 
controller also acts as the economic interface towards other parts of the organisation. 

Contract controlling involves earned value analysises of contracts. The controller identifies 
problem areas, proposes actions and establishes milestones and economic limits for follow-
ups. The contract controller also summarises the unit’s result. 

Resource Planning 

The resource planner (1 employee) coordinates the resource planning of manpower and 
some other critical resources for the entire BUG line of business. Preliminary resource 
plans are constructed during the budgeting process. These resource plans need to be 
updated continuously to reflect the current order stock and work load. The resource plan 
should give an overview of the current and forecasted resource situation. The resource 
planner also has the responsibility to simulate and present the impact of production 
requirements planned in offers on the resource plan.  

Risk Management 

The risk management function (1 employee) of the department has developed a risk 
management framework (Risk6, presented in subchapter 4.1) for the BUG. The function is 
responsible for the implementation and support of the risk management method in all major 
projects within the business unit. This includes training of project members, facilitation of 
workshops and the establishment and maintenance of risk management awareness in the 
projects. The framework is also continuously refined through external benchmarking. 
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4.2 Project Planning at Business Unit Gripen 
4.2.1 Process description 
SAAB Aerospace documents business processes in process charts and descriptions. The 
main concern for this study is the planning function of the program support department. 
Planners involved in offer planning are mainly active in the process “Create data for offer”. 
Project planning is encompassed within the processes “Create project baseline”, “Run 
project” and “Close project”. The schedule construction, which is of interest for this thesis, 
is contained within the two processes “Create data for offer” and “Create project baseline”. 
These processes are however very similar and hence only the process “Create data for 
offer” will be described in the following section. This process describes the steps required 
when preparing internal data for an offer in response to a RFI/RFP (Request for 
information/Request for proposal). The process may be adjusted to suit offers of different 
size as long as each step is fully considered.  

The process of development for an offer is divided into 19 steps, which are necessary when 
preparing internal data.  This Process Chart name is Create data for offer (SAAB process 
chart PRO-02121_E described in SAAB process description PRO-02121_App_1). The 
process is almost sequential and each step is conducted by the role in brackets. All process 
steps are listed below and the steps involving the planner function are bolded. 

1. (Project Manager) Capture assumptions and constraints. All relevant stakeholders 
shall be identified along with their needs. The expected deliverables shall be 
identified and documented. 

2. (Project Manager) Define the scope to be offered. This includes all results that shall 
be achieved such as features and functions and competence development. 

3. (Project Manager) Define the way forward. The work model, methods and tools 
shall  be selected. 

4. (Project Manager) Structure the work. Breakdown the work into clearly defined 
work packages. 

5. (Planner) Prepare schedule. Check how the offered deliverables ties to existing 
plans and then prepare a first draft of the master schedule.    

6. (Estimate Coordinator) Initiate the estimate. The RFE initiates the estimating part of 
the process. 
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7. (Work Package Manager) Prepare work packages. The content in the packages shall 
be underpinned by technical documentation of the expected outcome. Activities to 
be performed shall be described in a SoW (Statement of Work).  

8. (Project Manager) Review interface. Review the description of the work packages 
to identify gaps and overlaps. 

9. (Work Package Manager) Estimate work. Predictions of size and complexity can be 
used to create a better picture of the work package to be estimated. Risks identified 
within the work package are documented for later analysis.    

10. (Work Package Manager) Prepare schedule.  Prepare a schedule based on the 
activities included in the SoW and the estimated duration and effort in the work 
package. 

11. (Planner) Activity dependency planning. The relationships between work 
packages are examined to determine which work packages depend on 
information or deliverables from other work packages and which ones can be 
performed independently. By inserting the duration of the work packages into 
the logical network it is possible to identify the critical path. 

12. (Project Manager) Define milestones. Identify and define “project milestones” when 
specific input or decisions are required or at major deliveries. 

13. (Estimate Coordinator) Prepare review. The Estimate Coordinator shall carry out 
independent evaluation of the RFI/RFP and compile an independent estimate prior 
to receipt of the estimates. 

14. (Estimate Coordinator) Review Data. Review assumptions, technical data, 
schedules and the estimates against the content in the RFI/RFP for consistency and 
completeness.  

15. (Planner) Resource adjustment. Resource adjustment shall be done to enable 
efficient and effective use of resources. The critical path can be used for 
identification of areas where adjustments can be made.  

16. (Planner) Finalise Schedule. The master schedule is finalised based on all 
results from earlier planning steps. This action shall indicate important events 
in the schedule and may include other plans than the time plan. 

17.  (Project Manager) Perform risk analysis. The risks in the work packages shall be 
managed. Impact of product characteristics as well as cost and time impact should 
be assessed if required. 
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18. (Estimate Coordinator) Compile cost estimate. When the cost of all work packages 
has been calculated the total cost can be summed up. Estimated cost for risk should 
be identified and maintained separately. A time-phased cost estimate specified for 
each month, quarter and year, milestone and total cost should be developed with 
margins for overhead. 

19. (Project Manager) Finalise data for offer. Prepare data in agreed format. 

4.2.2 Interview results – complementary data 
The process description above gives a brief overview of the planner’s role in the offer 
process. However, complementary structured interviews have been conducted with two 
project managers and two planners to acquire a better picture of offer planning at BUG. The 
main results from the interviews are presented below.  

The offer planning process 

First of all, the respondents were asked about the “customers” of the offer plans. The 
customers are considered to be the company management, the sales organisation and the 
intended end-customer. The offer plans are also used as the basis for eventual future project 
planning. The external customer wants an offer plan that can be taken under consideration 
and compared with other suppliers during business negotiation. The other customer for an 
offer plan, the SAAB Aerospace management, makes decisions about which deals that can 
be closed and what the acceptable risk level for a deal is. Offer plans have always been 
constructed as far as the respondents know. 

The importance of the project schedules was also inquired, primarily during the interviews 
with the project leaders. The schedules produced constitute the basis of the offers that BUG 
can give to the customer. The offer plans are also the commitment that is given to the 
customer if the deal is closed. Because of this commitment, plans should be considered 
important and precision in the schedules is needed also in the bidding phase. In the business 
context that the SAAB Group is a part of, a lot of negotiation activities do not result in 
contracts. Even if these activities mostly do not advance from the offer phase to business 
agreement, it is impossible to tell which offer that will indeed result in an agreement. This 
factor put demands on GTP to act with as high ambition level as possible in every offer 
creation process.   

In general, the offer planning process outlined above is followed, according to the 
interviewees. When a request for an offer is brought to GTP the time period disposable for 
making the offer plans vary from 4 days to 6 months. This is due to the uncertain business 
environment with fast changing political conditions and due to the will of SAAB Aerospace 
to participate in business opportunities that might arise. GTP is constantly dealing with 
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irregular workload due to the characteristics of the tasks they are assigned to. The 
environment requires quick reaction and response to signals from outside the organisation. 
The organisation members do not manage their workload by themselves. The employees at 
the department have to adapt to the “switch on/switch off” characteristic of the work to be 
able to meet the demands. 

During the process Create data for offer the Program Support Department has to request 
information from operational divisions at BUG to be able to construct offer plans. Due to 
this, the work at the department is heavily influenced and constrained by two factors; the 
time it takes for the operational divisions to deliver the information and what the 
information consists of.  The information gathering starts when the planner sends a so-
called General Assumptions document to the operative departments. The operative 
departments return everything from project plans of good quality to simple time 
estimations. The returned information is presented in writing or (mostly) in data files (such 
as Microsoft Project™ plans). The quality depends on the characteristics of the activity; 
some departments mean that they cannot give a detailed time schedule so they may give 
minimum time estimations instead. The project planners interviewed feel that it often is 
hard to get representatives from throughout the organisation to supply necessary planning 
material and that project schedules generally have had low priority in offers. The 
representatives usually need to be reminded to complete the requested estimates and when 
they are finally supplied they fall short of expectations in terms of quality. 

Some representatives from each operative department are consistently used by the program 
support department for contact and time estimations. These may however change 
occasionally due to the normal staff turnover in the organisation. Meetings may be used to 
discuss time schedules in some cases during the offer planning process. In these cases 
specialists from the different departments participate when needed.  

To get a feel for the precision in the time estimates given by representatives within the 
organisation we asked the interviewees about their thoughts about this. The general view 
among the respondents is that people in the operative departments estimate time to the best 
of their ability, but that there is some uncertainty in the information that is connected to the 
nature of the activity. The least amount of information that is procured is the minimum 
duration, which represents when an activity can be finished at the earliest.  

“I don’t ask how much uncertainty there is in the estimations, I ask if they 
believe in them.” 

   (Project Planner at BUG) 
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The interviewees put a high confidence level in the estimates provided by the departments’ 
representatives because of the high level of knowledge and experience among the 
estimators. One insecurity factor is however the time horizon. When time estimates and 
schedules are made for very long time frames (>10 years) the schedule becomes more 
insecure and the estimations become harder to do. 

Integration of plans and WBS structures 

The WBS structures and the project plans are at present treated as separate entities. The 
WBS structure is set up in the internal system for economic review/control (Delfi) and is 
used as the structure for monetary estimates throughout the organisation. The WBS 
structure is designed to easily allow modifications of functionality included in the offer. It 
should facilitate changes if a customer wants to know the contract price with or without a 
specific component or function. The monetary estimation process runs in parallel to the 
time estimation process. The project plan uses a different structure designed to best 
describe the process of actions/tasks needed to complete the project. An initiative to 
standardise this schedule structure is underway. Thoughts have been raised to integrate the 
two components (WBS and project plan) to facilitate management control. The question if 
this is desirable and/or possible was therefore put to the interviewees. 

The opinions in this question have successively become visible through iterative 
discussions with the planners, the project leaders and estimators at the department. It seems 
like the project plan preferably should follow the WBS structure to enhance transparency 
and visibility. Some differences between the plan and the WBS may need to be accepted. 
The planner for domestic offers already strives to integrate the project plans and WBS 
structures. The plan- and the WBS structure do not need to differ very much in this context 
because of two reasons. Firstly he is both estimator and planner for those offers, and 
secondly the shorter time horizon implies less uncertainty in the domestic schedules. 
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4.3 Risk Management at Business Unit Gripen 
4.3.1 Risk6 – the BUG risk management method 

Overview 

The Risk6 framework is a 6-step risk management method 
that has been developed at GTP based on practice of other 
organisations. It is the official risk management model for 
the BUG and is currently being implemented in all key 
projects. The six phases in the model are illustrated in the 
adjacent figure and are explained in the following 
description. The section is based on information acquired 
from the Risk6 manual (SAAB Risk6 Manual, MAN-
02026), presentation material and through conversation 
with the Risk Methodology Manager. 

Figure 23: The Risk6 method 

Risk identification  

The risk identification phase involves the identification and registration of risks affecting 
the projects and products developed. This is performed continuously during the project life 
cycle, but is also emphasised at the start of projects, at progress evaluations and at 
significant decision situations. Risk identification should consider risks in cost, time and 
product performance but also security, dependability, professional liability, information, 
technology, safety, health and environment.  

The Risk6 framework includes guidelines on how to distinguish between risk factors 
(things that contribute to risk), risk events (things that happen) and other critical definitions 
to improve the quality of the risk register. Identified risks are registered in a web-based 
system and each risk is assigned a risk owner, who is responsible for the management of 
the risk. The risk identification process is supported by brainstorming sessions and the use 
of pareto charts. A pareto chart is used to graphically summarize and display the relative 
importance of the differences between groups of data. In this case, this involves assessing 
the relative importance of risks to enable prioritisation. An example is shown below where 
No 3 and 4 accounts for approximately 70% of the effect. 
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Figure 24: Pareto chart example 

Risk Analysis & Determine Root Cause  

The identified risks are broken down into workable elements. The risks and sub-risks are 
described in detail (visualised if possible) and data is collected to determine the root cause 
of each risk. Supporting tools for this step are process charts, fishbone diagrams, affinity 
diagrams (a simple method in which similar risks are clustered), why-why diagrams and 
interrelationship diagrams. Types of causes considered in fishbone diagrams can be related 
to men, methods, materials, machines, environment, product, price and promotion. Why-
why diagrams are used to determine root causes by continuously asking why each cause is 
a cause until the root cause is found. Interrelationship diagrams are used when relationships 
among effects and causes are complex. Multiple causes are mapped with arrows to show 
cause-and-effect relationships. Each cause is judged according to how many “to”- and 
“from”-arrows it has. The cause with the greatest number of outbound arrows is the key 
causal factor. This approach is illustrated in the example below. 
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Figure 25: Interrelationship diagram example 

Risk Assessment  

The third phase, risk assessment, involves the establishment of probabilities of occurrence 
and impact estimations (time, cost and performance) for each identified risk. Past 
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experience and historical data serves as the basis for these estimations. Based on this step a 
prioritisation of the risks is conducted and the total risk cost is estimated. Pareto charts or 
the impact/probability matrix can be used for the prioritisation. The Risk6 version of the 
impact/probability matrix can be found in Appendix 2. 

Mitigation Planning  

The mitigation planning phase consists of the short- and long-term planning of solutions to 
eliminate, minimise or transfer risks. The cost for mitigation is estimated. A decision to 
accept a risk may also be taken. The reasons for such decisions should be documented. 
Undesirable effects of planned actions are also considered in this step. When risk cost is 
high, a contingency plan is also established during this phase in order to minimise the 
impact at risk fruition.  

Action Planning  

The action planning concerns the conversion of the mitigation plan to a specific action plan 
with details of “who does what and when”. This involves the determination of possible 
ways to implement the mitigation plan and the choice among those. 

Follow-Up & Evaluation  

The results of decided actions should be followed up continuously until completed and 
documented. Results are evaluated to judge if the mitigation plan succeeded. The results 
from this phase, in the form of lessons learned, should be shared with other parts of the 
organisation. All data from the different phases of the Risk6 process is maintained in the 
web based system. 

4.3.2 Current “Schedule Risk Analysis” Approach 
At this point there is no standardised approach to schedule risk analysis at BUG. However, 
some experiments have been initiated. The current attempt to construct an approach to time 
risk management is based on the impact/probability matrix described in Figure 26. The 
example shown below (Figure 26, fictitious content) has the risks listed in the column to 
the left and the next column contains the time impact associated with the risk presented. 
Next to the right is the probability that this risk will occur in percent. These values are 
based on expert judgement. 

The estimates (time impact and probability) are multiplied and shown in the “Time*Prop” 
column. The squared result of the time and probability is shown in the next column 
(Square). The total of the squared values is shown at the bottom and has in this case the 
value of 10.1. The total schedule risk estimate for the risks presented is 3.2, the square root 
of 10.1. The Contribution column to the right has each risk’s contribution to the total 
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time risk estimate presented. The interpretation of this calculation is that the weighted 
estimated time impact for the three listed risks is 3.2 months. 

 
Figure 26: Schedule Risk Analysis Matrix 

4.4 Feasibility of the new approach 
One of the main concerns in our work has been to investigate the possibility for BUG to 
implement structured schedule risk analysis in the offer phase. To do this, the method must 
be firmly established in the part of the organisation that supplies the required input. At 
BUG the operative departments deliver information to the Program Support department. It 
is therefore necessary to find out if it is possible for the operating departments to produce 
the type of information that is necessary. To investigate this we asked for project planners’ 
and project managers’ opinion in this issue, and then conducted interviews with 
representatives from 4 operational departments at BUG. We deliberately chose the four 
departments with the most complex activities and advanced schedules; Systems 
development and verification, Airframe design and production, Systems and Flight test and 
Customer Support. The representatives from these departments are normally in contact with 
the Program Support department and have authority to make decisions in this matter.  The 
results from the interviews are presented below. A large part of the interview sessions was 
also used to present our study. 

Interviews with project planners and project managers 

At the time of the interviews with the project planners and project managers, the 
development of new methods for duration estimating had started. A couple of questions 
regarding the feasibility of the developed approach were therefore included in the 
interviews. First of all it was questioned if the respondents thought it would be possible to 
ask the representatives from the operative departments for three-point estimates (Low, 
Most-Likely and High). 
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All the interviewees responded that they thought this approach would be possible and that 
the results would be useful. One of the interviewees suggested that these estimates should 
be required before a meeting to put some pressure on the participants. The use of three-
point estimates must however be supported in the operative departments if it is going to 
work. One respondent thought that potential delays are underestimated and that people may 
refrain from sharing pessimistic opinions. 

Next, opinions about including causes for variations in estimates were asked for. The 
example described for the respondents included four risk factors to illustrate the approach. 
Each estimator would use a form to fill in their three-point estimates and also rank a 
number of potential risk factors for each activity. The proposed risk factors were 
Resources, Production, Suppliers and Technology. The purpose of this method would be to 
provide management with additional information. 

The concept of risk factors was received well by all respondents but some ideas were 
presented by one of the project leaders. The risk factor “Resources” may, according to him, 
not be suitable because estimates are also given through the process of monetary estimates 
and to ask for resources in this context too may cause additional confusion. Furthermore, 
“Technology” is usually not a problem. Instead the combined development and production 
cause the technical problems that arise. One very important view arose during the interview 
with this project leader. His view is that finding specific risks is not an objective during the 
offer phase as long as one gets a feel for how “risky” the offer/project is. 

The other project leader added another interesting aspect, which he thought might be good 
to include in the process of information gathering for duration estimates; the inputs and 
outputs of each task included in the project plan. This would simplify the finding of 
relations between organisational units. 

The final question in this area was whether the implementation of the above-described 
approach would help in the development of offer plans or just create noise/disturbance in 
the organisation. One answer to this was that as much information as possible is preferable. 
Another reflection was that standardisation of the process of information gathering is 
needed. The planner of domestic offers (who mainly handle modifications and 
improvements of the in-service aircraft fleet) believes that the need for precision in offers 
will increase when modification orders of the in-service fleet abroad will increase. 

“Today’s time schedules contain errors that lead to costs and internal and 
external badwill.” 

   (Project Planner at BUG) 
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Interviews with representatives from operative departments 

In the interviews with the representatives from the operative departments, we first asked 
about the planning activities at the departments. The representatives interviewed are usually 
the interface between the planners at the GTP and estimators at the operative departments. 
Depending on the level of detail required in the offer, the representatives make the planning 
themselves or distribute the planning request to other parties concerned. The planning 
material is then returned to the representative before it reaches GTP. The development of 
plans is usually an iterative process at the operative departments. At one of the departments 
a couple of people have the same duty and always carry out the planning. 

Insecurities in plans stem from a number of different reasons. If fundamental conditions 
change it may seriously affect the schedule. If the order of fulfilment of customer’s orders 
is changed, the plans for some parts of the organisation may need to be updated. If a system 
is implemented for the first time in the product, the implementation time may be extended. 
Another schedule uncertainty is the total number of customers. The total amount of 
resources is limited and a change of the total number of customers changes the total length 
of each project. The schedule uncertainties in operations also depend on if new systems or 
new technique is being implemented in the product. In these cases it is hard to tell how long 
the activities will take. Another perceived reason for insecurities in plans stem from limited 
information about the conditions of the offer. All conditions and presumptions are not 
documented and available.  

One of the respondents claims that their activities are well structured and frequent from 
project to project. The activities are always carried out in the same order. The result of this 
is that they have acquired knowledge about which activities that contain schedule 
uncertainties and to what extent. 

The most important question during the interviews with representatives from the operative 
departments was if it is possible for them to deliver sub-plans with three-point estimates of 
activity duration, given the information presented to them during the interviews. All the 
respondents state that it is possible and that they are willing to participate in the process to 
implement this improvement. 

The respondents were also asked about the requirements of requests for planning material. 
The requests for offer plans made to this date have been perceived somewhat unstructured 
and of varying quality. One respondent answered that the questions should be clearly 
formulated and structured. His opinion is that all information is accessible if the question is 
clear. Another representative says that the first step should be to decide on how detailed the 
time schedules for offers should be. Next step should be to decide how the schedule should 
be constructed. Schedules can, according to this respondent, be designed either from a 
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deliverables view or from a process view. Another remark made by one of the interviewees 
was that the request for estimations sent out must include all the assumptions inherent in 
the request. Previously the requests have been sent out too early, before all conditions were 
known. This leads to late changes in calculations and time schedules. 

Cross-departmental dependencies between activities must be identified to be able to analyse 
how changes in activities influence others and to use Monte Carlo Simulation. Therefore, 
the idea of developing a generic template for offer schedules was presented and all 
representatives thought it would be a good idea to develop such a plan. All claim that they 
follow a process that can be generically described and then used as a starting point in offer 
plans. When a draft of a schedule for an offer is put together it is however important to 
gather representatives from the departments to inspect and adjust the result for verification. 
This is a common view shared by all respondents. One representative pointed out that the 
results from the offer phase should be re-used in projects. The schedule developed during a 
recent offer phase was replaced when the project started. This involves unnecessary 
additional work. 

The form of the request was also briefly discussed during the interviews. The 
representatives all believe it should be preferable to use a predefined template constructed 
in Microsoft Project™ for the requests. This signals the level of detail required and people 
at SAAB Aerospace are usually familiar with the software.  

The representatives were also asked about the possibility to include reasons for 
uncertainties in estimates. We have referred to these reasons as risk factors and presented 
the idea to use a number of risk factors (the example used included suppliers, technology, 
resources and production) to specify which influence the estimates. All believe it is possible 
to specify risk factors. Two respondents say that it is important to set a reasonable, un-
detailed level to avoid creating too much workload. One adds that when the information is 
requested it is important to signal which ambition level that is desired in the offer phase. It 
is also necessary to determine the fundamental conditions before a request is made so that 
the collected information from the different departments is based on the same premises. 
Another representative does not think that the “resources” risk factor should be included, 
since it always is a constraint. Better factors to include might be internal subcontractors and 
weather, he continues.  

During the interviews with the representatives we presented our idea of how schedule risk 
analysis should be conducted. One part included presenting the Excel™ model developed. 
During this presentation we asked for feedback and thoughts from the representatives. The 
main opinion about the Excel™ tool was that it should work and that it can supply the 
organisation with important and useful information. 
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One remark from a representative was that the structured schedule risk analysis process, 
including the use of the Excel™ based tool, must be tested first in a pilot project. When it 
has been tested the result should be valuated to see if it contains useful information. If 
necessary, adjustments should be made to tune the process. One of the respondents had 
experience from using the Successive Principle. He believes that the results from this 
process were valuable but that it requires too much effort to be used in offers. 
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5 ANALYSIS AND RESULTS 

This chapter includes the analysis of current theories applicable to the research problem 

and the development of an alternative approach to pre-project schedule risk analysis. 

The current situation at Business Unit Gripen is also analysed and recommendations are 

presented. The case study at BUG is used to verify the usefulness of the developed 

approach. 

5.1 Theoretical reflections 
5.1.1 Risk Management during the pre-project phase 
Risk Management has emerged during the last decades and its popularity has rapidly 
increased. A lot of research has been conducted in the field lately. The method and theory 
development within risk management has emerged as the result of a need to cope with risks 
in a structured way and then followed the evolution of the project management discipline. 
Today’s Risk Management models are highly developed frameworks designed to deal with 
risks in projects. There seems to exist a strong consensus on the risk management process, 
with only minor discrepancies between different theories. Risk Management is basically 
built on a classic Plan-Do-Check-Act procedure. We believe that the process presented in 
chapter 3.2 represents risk management best practice of today well.  

The project environment gets more and more populated by large and complex projects. Not 
long ago the projects usually delivered simple products or subsystems. Today’s projects 
more often deliver complete and complex solutions and therefore demand advanced 
management models. When projects have grown in size and complexity, the project 
management methods have followed and adapted to the new environment. Project Risk 
Management methods such as the Successive principle are therefore adjusted to support 
Risk Management in complex ongoing projects. 

We believe that the development of models that support Project Risk Management has been 
focused on the project phase with the highest level of activity, i.e. the ongoing project 
phase. However, the opportunity to influence a project’s development is best before the 
project starts and in the beginning of the project (shown in Figure 27). The requirements of 
risk management methods during these phases are somewhat different. We believe that a 
conceptual separation of the project phases is necessary. We choose to differentiate the 
project life cycle into pre-, ongoing and post- project phases. This is necessary for the 



 
Chapter 5: Analysis and Results 

 
 

 58

adjustment of risk management methods to specific conditions. The distinction is illustrated 
below. 

Impact of 
decisions 

Time 

Large 

Small 

Level of activity 

Pre-project Ongoing project     Post-project 

Knowledge about 
the project 

 
Figure 27: Three phases of large projects 

Risk management is critical during the pre-project phase of especially large and complex 
projects. Precision is needed in offers due to the fact that it influences the forthcoming 
project so much that it can cause unconquerable problems for the entire company. The 
impact of decisions and actions is extremely high during the pre-project phase. However, 
the methods for project risk management developed to this date are not adjusted to the 
specific requirements of this phase (explained in the following). The approach to Risk 
Management during the pre-project phase should differ from that of ongoing projects 
because of fundamental differences in the objectives of the risk management process and 
because of the resource constraints present. Only a subset of offers become projects and 
this affects the ambition level and resources available. While conducting this case study we 
have searched for a structured way to deal with risk before the project start, i.e. during the 
negotiation and offer phases. No methodology that supports the requirements of the offer 
process has yet been found.  

The risk management model presented in chapter 3.2 consists of six phases. The first phase, 
risk management planning, involves the establishment of a risk management plan for the 
specific project that defines how risk management should be handled during the project. It 
should not be necessary to establish a risk management plan before the offer is turned into a 
project. For the offer phase it should instead be reasonable to develop a generic risk 
management plan or policy that can be applied in all offers. Risk Management planning 
meetings should therefore not be required during the pre-project phase. This simplification 
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is due to the resource constraints often present in the bidding environment.  

As seen in the figure above, the knowledge about the project is very low during the pre-
project phase. The high level of uncertainty affects the objectives of the next step in the 
generic risk management model; risk identification. No specific risks should be identified 
during the pre-project phase, since it has not been decided if the project will commence yet. 
Instead, the overall uncertainty of the eventual project should be sought. A rough 
estimation of what could happen is needed at the offer stage and the objective should be to 
get a better view of the overall uncertainty, rather than the specific risks inherent in the 
forthcoming project. The reasons for uncertainty in schedules and cost are not necessarily 
identified, but the uncertainty itself should be clear. The estimation of uncertainties in the 
offer phase may include implicit identification of some major risk factors, but the 
formalised and often cumbersome approach to identification of specific risks is eliminated. 

The risk analysis phase should be included in the pre-project risk management process. The 
difference from traditional risk management is that uncertainties in the forthcoming project, 
not specific risks, are quantified. It is essential to focus on the most important uncertainties 
that could be hard to deal with even in an early stage of the project. It is hard, or even 
impossible, to reschedule deadlines that that already have been negotiated. Therefore the 
time variable should be considered extremely important. This includes conducting a proper 
schedule risk analysis. The risk analysis phase is closely connected to risk identification in 
the pre-project environment. 

The phases of Response planning and monitoring and control are not needed in the offer 
phase, since the project does not yet exist. However, the documents and plans produced 
during risk management in the offer phase should be utilised to analyse and compare the 
estimations with later results if an offer is realised into a project. 

As seen above, there are some notable discrepancies between the currently available project 
risk management framework and the requirements of risk management in the bidding 
process. In our view the risk management process is far too cumbersome to be used in the 
pre-project environment. This is because of lower ambition level in terms of identifying 
specific risks and the fact that we don’t know if the offer will be turned into a real project. 
This does however not reduce the need for management of uncertainties in the offer phase. 
Uncertainties in the variables included in the offer (the price and the schedule) needs to be 
quantified. We choose to refer to this as Uncertainty Management. Risk Management is 
designed to deal with risks in ongoing projects. Uncertainty Management should be 
designed to meet the requirements of the pre-project phase. This distinction is illustrated 
below. Crisis Management refers to handling of problems, events that has had an adverse 
effect on the project. 
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Figure 28: Uncertainty Management 

In this thesis we have looked deeper into the time variable of offers. The result is a 
structured approach to schedule risk analysis, which should be part of the Uncertainty 
Management. 

5.1.2 Schedule Risk Analysis 
The schedule risk analysis should replace risk management in regards of the time variable 
in the pre-project phase. The approach is based on three-point estimates and Monte Carlo 
simulation, which can be used for other variables such as price or cost. 

Method and statistical considerations 

Choosing a method for estimations is inevitably a compromise between precision and 
feasibility. Too ambitious methods should be avoided since employees neglect to use them 
if they are too cumbersome. Ambitious methods however, tend to provide better precision. 
The critical path method and its variants, including the use of PERT-adjusted mean values, 
have too severe limitations in our view. The inability to adjust for the dynamics in the 
project network may totally undermine the results provided by the tool. By using fictious 
project networks to test the MCS approach, we have concluded that a somewhat risky 
project planned using CPM can have less than 1% probability to be completed on time. Yet 
many practitioners use the critical path method for schedule analysis. However, CPM based 
on three-point estimates give a better and more nuanced picture of the project duration than 
traditional single-point estimates. Therefore, CPM based on three-point estimates as 
supported by PERT-adjusted activity duration in Microsoft Project, is still a better 
alternative to project planning than single-point estimate approaches. 

The preferred method for schedule risk analysis is Monte Carlo Simulation. Because of the 
simulating approach, the results truly reflect the performance of the project network. The 
Monte Carlo Simulation is mathematically superior to other methods and provides better 
precision. On the other hand, the implementation of Monte Carlo Simulation introduces 
additional technical complexity into the organisation that may refrain people from 
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conducting proper schedule risk analysis. Technical complexity needs to be minimised to 
successfully implement the use of simulation into the process of schedule risk analysis. 
Also the users of simulation tools and the providers of the critical input data need to be 
properly educated to understand and appreciate the need for the process of the simulation 
method. The time it takes to conduct the estimations and simulations should not be 
perceived as additional, unnecessary workload. 

Some statistical considerations are relevant regarding the Monte Carlo simulation approach. 
A theoretical presentation about specific statistical distributions and their potential impact 
on precision of activity duration have previously been conducted (see chapter 3.4.2). The 
conclusion drawn is that while specific distributions may provide better precision, they 
require information about the statistical characteristics of the data. There is no way to 
examine how the duration for each activity is distributed based on historical data in most 
projects because of the unique nature of projects. To gather distribution data on each 
activity in the process of estimating activity duration is thought to be too extensive and 
probably not feasible at all because of task managers’ potential lack of necessary statistical 
knowledge. To judge whether an activity’s duration distribution is uniform, normal or beta 
is not an easy task. It may both introduce larger errors than it is supposed to counteract, and 
affect employee’s will to participate negatively. With these issues in gathering duration 
estimates in mind, this is not believed to be a good idea. 

The triangular distribution appears to be a well-functioning approximation for activity 
duration for reasons previously stated. It is a reasonable choice based on both its statistical 
characteristics and its specification simplicity. The default choice of the triangular 
distribution will probably ease the process of schedule risk analysis at any site. 

The Successive Principle uses Monte Carlo simulation but is, according to us, not 
appropriate for Uncertainty Management. The method requires a facilitator and 10-15 
participants for a 2-3 day workshop to be successful. This is often not reasonable during an 
offer phase and we therefore prefer the use of expert judgement through forms or similar 
approaches. A lot of workshop time is spent on the specification of Overall Influences to 
secure the statistical independence of variables included in the analysis. The need to do this 
is based on the will to fulfil the requirements of the choice of distribution (Erlang K5). We 
believe, in accordance to Chapman & Ward (1997), that a distribution that assumes the 
central limit theorem should not be used where it is not clearly applicable and that it may be 
dangerous to do so if the assumptions are not clearly understood and applicable. 
Furthermore, the successive principle makes use of the Erlang K5 distribution for reasons 
that we believe are very vague. We concur with the view of Chapman & Ward, presented in 
chapter 3.4.2, that the triangular distribution is preferable. In summary, a method adjusted 
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to the resource constraints of the pre-project phase should be easier and faster to use than 
the successive principle and not require extensive workshops. The Successive Principle, 
just as the generic Risk Management process, is adjusted to large and complex ongoing 
projects and not to the constrained bidding environment. 

Process 

The Schedule Risk Analysis process can, according to us, be seen as the combination of 
risk management and project planning. The process of project planning is similar, but we 
add the element of uncertainty analysis through MCS. Schedule control is also eliminated 
in the pre-project phase. Our proposed process for schedule risk analysis is shown below. If 
the conditions for the offer change, the process may need to be iterated. Step 1-3 may need 
to be conducted through collaboration with experts in respective parts of the organisation 
involved in the offer. 

1) Activity Definition – Identify activities needed to fulfil the
project’s objectives and create the WBS structure for the project. 

2) Activity Sequencing – Define dependencies between activities in
the project network. 

3) Duration Estimating – Estimate three-point durations for all
activities in the network. Expert judgement is used for estimates. 

4) Uncertainty Analysis – Conduct a Monte Carlo Simulation and
analyse the results. 

5) Schedule Development – Develop schedules to be included in 
the offer and to be used for internal management. 

 
Figure 29: Schedule Risk Analysis process 

Supporting tool 

The Uncertainty Analysis in the process shown above uses MCS. The MCS method needs 
to be supported by computer-based tools. These tools are however expensive and 
complicated. We have developed the first complete, easy-to-use and freely available MCS 
tool for project networks, using an advanced Excel model. We have also put together a 
summary of other commercial and non-commercial tools presently available on the market. 
The tool developed will be described in the following. The overview of other tools is 
available in Appendix 2.  

It is possible to develop a tool supporting Monte Carlo simulation in Microsoft Excel. It 
requires understanding of statistical concepts, the formulas used for distribution 



 
Risk Management in the bidding context – a schedule risk analysis approach 

Byström & Pierre 
 

 
63

transformation and other quite complex formulas and dependencies. The benefit of an 
Excel model is that it is easy to use and inexpensive. The backside is that maintenance 
competence needs to be available and that plans formed in Microsoft Project need to be 
copied into Excel for the analysis.  

The objective of the development of this tool has been to make the use of the model as easy 
and understandable as possible. The model is explained in its entirety in the following, 
however only partial understanding is necessary to use it. Technicalities such as the 
calculation methods used are not necessary knowledge for the end-user. The Excel-model 
developed consists of two input worksheets, one worksheet with results and a number of 
calculation and simulation worksheets. Activities in the project network and three-point 
estimates (Low, Most-likely, High) for each activity are entered in the first worksheet (see 
below).  

 
Figure 30: Worksheet 1 – the activity list 

The network logic is defined in the second worksheet (below). For each activity on the 
vertical axis the immediate predecessors (on the horizontal axis) are specified. A positive 
value means that there is a lag (slack) between the successor and the predecessor. A 
negative value shows lead (overlap) between activities and 0 is used to specify a relation 
without lag or lead. Activity I in the example shown is consequently dependent on the 
finish of activity D and E. There is a 5-day lead between J and I. 
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Figure 31: Worksheet 2 – the dependency matrix 

At this point, the end-user would proceed to the results worksheet. Here, the calculation 
sheets will be explained first. 

 

 
Figure 32: Calculation worksheet – activity calculations 

The duration of each activity is calculated in the worksheet illustrated above. Random 
numbers between 0 and 1 are generated (RAND column) and then transformed into so-
called random variates (Duration column) based on the three-point estimates. This means 
that the random number is converted into a value within the triangular distribution based on 
the Low, Most-Likely and High variables entered.  

The formula used for transformation for triangular distributions (using RAND as the 
generated random number and L, M, H for Low, Most-Likely and High) is… 
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… if RAND<((M-L)/(H-L))   L+ RAND)*L)-(H*L)-((M  

… if RAND>((M-L)/(H-L))    H- RAND))-(1*L)-(H*M)-((H  

This form of transformation can be made for any type of distribution, using the appropriate 
distribution function. However, in our model triangular distribution has been used for all 
activities, because of the lack of reasons to use any other distribution (as discussed in 
chapter 3.4.2). The result is randomly generated activity duration based on the three-point 
specification of the distribution. The Estimated Start Time (EST) and Estimated Finish 
Time (EFT) for each activity are also shown in the worksheet above (Figure 32). EFT is 
calculated as the sum of the EST and the estimated duration. 

To estimate the EST for an activity it is needed to find the predecessor to that activity that 
finishes last, i.e. with the highest EFT. For activity I in the example, we need to know the 
maximum of the EFTs for activity D and E (see Figure 31). The dependencies are therefore 
quantified in a second matrix in the calculation worksheet (Figure 33 below). For each 
combination of activities for which there exists a dependency the EFT for the predecessor is 
shown. Again, for activity I; D finishes 33 days after the project start and E after 24 days. 
The EST for activity I should consequently be day 33, which can also be verified in the 
EST column in Figure 32. If there is lag or lead specified in the relation matrix (Figure 31), 
the EST in this matrix will be adjusted to account for this. 

 
Figure 33: Calculation worksheet - the second matrix 

The estimated total duration for the entire project network is the maximum of all EFTs. The 
critical path for the project is, by using this approach, recalculated as it changes. The length 
of the total network is always calculated by the use of the maximum value of predecessor 
EFTs.  
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However, the above procedure only generates one estimate of the project duration. To reach 
statistical significance we need to generate many estimates. Using an Excel “data table”, 
the calculation is run 1000 times and the total project duration, the critical path and the start 
and end date for each activity are saved for each simulation round in another worksheet 
(not shown here). For each simulation round new random numbers (RAND above) are 
generated and the duration is therefore recalculated. Automatically, the critical path 
changes and a new total duration is calculated for the project network. 

A frequency table that shows the absolute 
and percentage frequency of project 
duration values within specified intervals 
is calculated based on the simulation data 
(see Figure 34). 

The percentage values illustrate the 
probability and cumulative probability for 
each interval. The example shows that the 
simulation resulted in a project duration 
within the interval 260-280 days 314 
(31.4%) times and 707 times (70.7%) in 
this interval or earlier.  

Figure 34: Calculation worksheet - frequency table 

A diagram based on the frequency data is generated (example below) showing the 
frequency of total duration values among the 1000 simulations within the specified 
intervals (bars in the example) and the cumulative probability in percent (line in the 
example). The diagram is automatically adjusted to the relevant interval for the project 
simulated. The probability to reach a deadline can be read from this diagram. 

 
Figure 35: Results worksheet - Frequency and cumulative probability diagram 

The model also allows for calculation of the probability of a given completion time and the 
estimation of the completion time given a desired probability (see Figure 36). In this 
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example a calendar, defining workdays, was also included in the model. This gives the 
possibility to calculate a finish date 
adjusted for holidays etcetera, given the 
start date entered. For example, of the 1000 
simulations run the project duration below 
was estimated between 222 (min) and 336 
(max) days. There is a 28% chance that the 
project finishes in 255 days. If the project 
commences the 15th of February 2003 it 
will be finished on 24th of August 2004 
(given a 100% probability value).  

Figure 36: Results worksheet - overview 
The uncertainty contribution for each activity is also shown on the results sheet, along with 
the projected interval for start and finish of each activity. In the example below the “CI 
index” column shows how often in percent the activity is part of the critical path. The 
variance column shows the relative uncertainty inherent in the three-point estimates. The 
P% value is the CI index multiplied with the Variance share and shows how much of the 
uncertainty inherent in the project network that the specified activity accounts for, taking 
the variability of the critical path into account. In the example it is seen that Activity H and 
I accounts for a total of 85% of the uncertainty. It is important to note that the P% values 
are relative values (the share of the total uncertainty) that do not say if the uncertainty in 
itself is large or not. The absolute uncertainty can be analysed in the diagram in Figure 35. 

 
Figure 37: Results worksheet - activity details 

The relative uncertainty of the activities is also illustrated in a pareto diagram (see Figure 
38). The bars show the P% values and the line shows the cumulative share of uncertainty. 
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Figure 38: Results worksheet - uncertainty diagram 

The model presented above is not thought to deliver a static image of the schedule risk 
situation, but to be used continuously during offers and projects. As knowledge rises and 
new information becomes available the estimates should be updated, which results in an 
updated picture of the risk situation. Also, as activities are completed, the real values can be 
entered. This decreases the uncertainty inherent in the network and the true completion date 
gradually becomes visible. Using the information in Figure 37 it is reasonable to further 
investigate the activities with the largest shares of the uncertainty. One approach is to 
continue to break down these activities to find exactly what contributes to the uncertainty. 
If actions are taken to decrease the risk in these activities the estimates should also be 
updated to reflect current uncertainties.  

5.2 The Business Unit Gripen Case – Our recommendations 
To verify the usefulness of the framework developed in the previous chapter, we have 
conducted the case study at Business Unit Gripen. The results of this case are analysed in 
the following. 

5.2.1 Risk Management 
The current risk management framework used at BUG is, as described earlier, Risk6. It is a 
model based on practice of other organisations and it has many similarities with our 
reference model (PMI´s framework described in chapter 3.2). The model has been adjusted 
to fit the needs of the organisation, but also the capabilities. A successful risk management 
framework must, in our view, be based on an understanding of implementation feasibility. 

The model must be a compromise between the need for precision in estimates and the 
workload added by the implementation. A too ambitious approach will not be successful 
due to internal resistance and lack of resources. Organisations may be characterised 
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according to their risk management maturity level and thus have different capabilities to 
deal with risk in a structured way. Different levels of maturity require support from risk 
management tools that are adaptable to the maturity levels of organisations. If the risk 
management tool is too complicated or too ambitious in relation to the maturity level, it 
simply does not work properly. Doing business requires, as stated in the first chapter of this 
thesis, coping with risk. Some degree of non-controllable risk has to be accepted. We 
believe that the Risk6 framework has all the requirements to succeed, because it is adjusted 
to the specific requirements and capabilities of the company.  

Even though we do believe in the Risk6 model, it does not provide details on all specific 
methods and tools needed for efficient risk handling. The Risk6 framework was 
intentionally designed to allow flexibility and therefore some level of detail was left out. 
Risk assessment, for example, is supported by the impact/probability matrix. It is however 
free for anyone to use their own method to deal with their specific risks according to the 
Risk6 model, as long it is taken care of in a proper way. We recommend SAAB to: 

•  Continue their risk management efforts through implementation of the Risk6 
framework and continuous development of the same. 

The impact/probability matrix (described in chapter 4.3.2) is a simple yet powerful tool for 
risk assessment. It gives a good overview of the current risk situation and the seriousness of 
different risks. However, when it comes to schedule risk analysis, it has several major 
limitations. These and other issues related to the use of this tool for schedule risk analysis at 
BUG are covered below. 

First of all, the risk identification process at BUG has not been aimed at risks affecting the 
time schedule. It has become apparent that the risks identified have been difficult to 
quantify in terms of time and that they sometimes not at all are applicable to schedule risk 
analysis. Risks may have impact on time, cost and/or performance. Not all risks developed 
for the original risk assessment purpose are relevant to schedule risk analysis. Also, some 
risks which are critical for the precision of schedule estimates are not included in risk lists. 
Only risks that have significant effects on the project time schedule should be considered in 
schedule risk analysis. 

Some general uncertainties inherent in the business unit operation are not thought of as 
risks and are therefore not included in the risk lists developed. However, these uncertainties 
may affect the project schedule. If a task manager estimates the duration of an activity to be 
between 30 and 50 days, not all of this uncertainty may be covered by the use of explicit 
risk lists. However if the task manager is asked to make a total judgement of the duration of 
his task he will probably take all uncertainties into account. This is also related to the 
limited granularity of the risk lists. Only a minor number of risks can be considered in the 
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analysis. Experts’ conception of activity duration uncertainty however, includes experience 
and additional “hidden” risk factors. 

Furthermore, a risk in the risk list may have a time impact but, depending on where in the 
activity network it is located, the impact may or may not have consequences on the total 
estimated project time. Only risks affecting the length of the critical path should be 
considered because changes in the duration of activities not on the critical path do not affect 
the total project schedule length. 

Furthermore, because of the dynamics in activity networks, the critical path may vary for 
each single change caused by realised risks affecting activity duration earlier in the path. 
There is no way to know which activities that will be on the critical path and which will 
not. This implies that the only way to assess whether a risk’s time impact affects the total 
duration of the schedule network is to run simulations. 

Due to the fact that the impact/probability matrix cannot take schedule network dynamics 
into account, the results of the calculations are usually irrelevant and may appear 
disproportionately high or low.  

When the result of the impact/probability matrix calculation is analysed more carefully one 
can see that it does not give any contribution to the estimation of schedule risk. It is not 
possible to see if activities are on the critical path or if risks inherent in these activities 
influence the time schedule. They may do so but it is impossible to tell by looking at this 
model, so the result is not appropriate for schedule risk estimations. We believe that SAAB 
should: 

•  Cancel the experimental use of the impact/probability matrix for estimation of 
schedule risks and instead use a simulation approach to schedule risk analysis. 

5.2.2 Project Planning 
Project leaders at BUG emphasise on the importance of project schedules included in 
offers. Milestones inherent in the plans provided to the customer during the offer phase are 
included in the contract if the deal is closed. The plans need to be of good quality to avoid 
economic- and goodwill losses resulting from delays in the project. The need for precision 
in schedules will also probably increase as SAAB continues their path towards a multi-
customer environment. However, the current project planning and schedule risk analysis 
practices do not support this objective. An integrated schedule risk analysis framework is 
not available at SAAB and the “Create data for offer” process outlined in chapter 4.2.1 does 
not include necessary steps to conduct a proper schedule risk analysis. The schedule risk 
analysis process presented in chapter 5.1.2 corresponds quite well to the “Create data for 
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offer” process except for the Uncertainty Analysis step. SAAB should: 

•  Implement a structured approach to schedule risk analysis in the offer phase by 
defining in the “Create data for offer” process that the Work Package Manager 
should make three-point estimates of activities’ duration, that cross-departmental 
dependencies should be identified and that the Planner should conduct a schedule 
risk analysis. 

The current practice for project planning at SAAB is based on expert judgement. The 
alternative approach is to rely on historical data. Such historical data is however not 
available due to the unique nature of the projects. As noted earlier, estimations can in this 
case only be based on subjective judgement. The limitations inherent in expert judgements 
cannot be overcome, but the awareness of them helps in the understanding and 
interpretation of the results. We recommend SAAB to: 

•  Continue to use expert judgement as the basis for project planning. 

Project plans for offers have been developed for each offer through collection of activities 
from organisational representatives. Previous project schedules have usually not been 
possible to re-use because of structure and quality. The organisation representatives 
interviewed have described this process as ad-hoc. They feel that it is hard to supply 
necessary activities without better knowledge about what level of detailed is actually 
required. At the program support department there is also a concern that the WBS structure 
used in calculations does not correspond to the activities in the project schedule. Also, a 
consistent way for project planning in offers does not exist at SAAB. While some parts of 
the organisation primarily plan using milestones, other parts prefer describing activities. 
The confidence and experience in planning also varies throughout the organisation. We 
believe that there is a need to: 

•  Develop a generic project plan with activities that usually are included in the plan, 
using a common structure and with appropriate level of detail for all parts of the 
organisation involved in offers. 

•  Aim at designing the project plan so that the activities have equivalents identifiable 
in the WBS structure, to increase transparency in project management and improve 
management control. 

The essence of this thesis has been aimed at describing techniques to achieve better 
precision in project schedules. The schedules developed at BUG at present are based on 
single-point estimates gathered among representatives from organisational units involved in 
the project/offer. These estimates implicitly assume that there is no variability in activities’ 
duration. Three-point estimates as described in the frame of reference are better input data 
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since they take the uncertainty in activity duration estimates into account. Single point 
estimates do not account for uncertainty inherent in almost all estimates. At all times, when 
the risk of being late is higher than the chance of being early, the most-likely estimate 
supplied will not reflect the true mean value and this is usually the case for activities in a 
project network. Three-point estimates also limit the problem of people refraining from 
being honest in their estimations because of the fear of being thought of as pessimistic or 
non-ambitious.  

The current production of project schedules for offers involves negotiation between 
organisational entities and requires estimates to be lowered. While single-point estimates do 
not signal the uncertainty added to the plan because of these actions, a three-point approach 
does. Furthermore, the schedules produced at BUG during the offer phase have not had 
specified links showing dependencies throughout the project network. This makes it even 
harder to identify potential schedule risks and their impact on the activity duration. 
Throughout our case study, we have also investigated the possibility to add risk factors to 
activities to supply additional information about the reasons of uncertainty to decision 
makers. At this stage, we do not believe in an extensive approach to risk factor definition. 
All respondents have however been positive towards the use of risk factors. We recommend 
Business Unit Gripen to: 

•  Use three-point estimates to communicate uncertainties inherent in activity duration. 

•  Increase quality of project plans in the offer phase through identification of 
dependencies between activities.  

•  Define one major reason of uncertainty for each activity. 

The planner fetches the activity duration estimates from the organisation department that is 
responsible for each activity. The necessary basic planning data is hard to collect from the 
organisation representatives according to the project planners.  Organisation members are 
often not willing to prioritise project planning. We believe that this unwillingness stem 
from primarily two reasons. First of all, it is because of insufficient support from 
management. The role of schedules in offers needs to be emphasised by management to 
commit the organisation to the production of these schedules. Secondly, the quality of the 
answers collected probably corresponds to the quality of the requests. The interviews with 
organisational representatives have supported this conclusion. The main constraint that 
limits the quality of schedules perceived by these employees is the fuzziness in instructions 
and assumptions received. The view that the process of gathering project planning data 
needs to be standardised has also been supported by the project managers and the planners 
at the program support department. The above implies the need of two actions: 
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•  Increased support from management for project schedule planning to increase 
awareness of the importance of this part of offers. 

•  Development of a structured and high-quality approach for requesting planning 
information from organisational representatives. 

The following step in the making of project time schedule is to put the activities’ duration 
together to a project schedule. At this stage the planner at present estimates each activity’s 
schedule risk and adds standard contingency time to the project duration. These “schedule 
risks” are very rough estimates based on the planner’s knowledge. Organisational 
representatives also add contingency time in their estimates. This makes it hard or even 
impossible to know the risk assumptions and uncertainties of the duration in the final 
project schedule. Altogether, this does not give a realistic project time schedule. When 
studying the project schedule one cannot know how much the schedule would fluctuate if a 
risk would be realised.  

Furthermore, since the activities in the project schedule are not linked to each other, it is 
impossible to see if the schedule risk connected to a particular activity has any effect on the 
project if it is indeed realised. This is because it is impossible to know if the activity is on 
the project’s critical path. The use of three-point estimates should eliminate the problem of 
subsequent addition of contingency time and instead provide information about perceived 
uncertainties in the estimates. This will also increase precision in the overall project 
duration. 

Based on interviews conducted with employees at the program support department and 
organisational representatives from the main departments that supply planning material, we 
believe that the implementation of the recommendations presented above is feasible. We 
have developed a model for estimation and quantification of schedule risks. The model is 
presented in the previous subchapter. The choice of any critical software tool should be 
based on the organisational requirements. During the time spent at BUG we have gained 
understanding of general and specific requirements of the users. Based on conversation 
with planners and our perception of the user requirements we have set up a number of 
objectives for our schedule risk analysis tool. First of all, the application should require 
only little training. Secondly, it should be easy and intuitive to use and understand. Thirdly, 
the analysis should not take too much time to perform. We believe our tool can be 
characterised by these objectives, but have however also put together a summary of other 
Monte Carlo Simulation tools in Appendix 4. Each tool is briefly described and evaluated 
in terms of pros and cons. Other tools than the model developed by us may be feasible to 
use at BUG. The model we have developed has been tested on two separate project 
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schedules at BUG with good results and based on these results, the requirements perceived 
and the interviews conducted during this study we recommend BUG to: 

•  Use the Microsoft Excel model presented in chapter 5.1.2 to perform Monte Carlo 
Simulations. 
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6 CONCLUSIONS 

This last chapter summarises the research process and the results acquired. We also 

discus the applicability of our findings in other contexts and present some ideas for 

further research. 

6.1 Background and procedure 
This master thesis is the result of one semester of research. We started with a broad revision 
of present literature in the relevant research fields. Our first major finding during the 
research process was that there seemed to be a gap in the present research in regards to Risk 
Management in the bidding context. The current literature and articles do not contain 
anything about how Risk Management should be conducted in the offer phase. 
Furthermore, the subject is not highlighted as a potential research field in more than a 
couple of articles. This is interesting since it is mentioned in more than one place that it is 
of great importance to take action as early as possible in a project, to ensure that decisions 
have the possibility to improve the project. Secondly we perceived a gap related to the 
management of schedule uncertainties. 

Based on research studied, we refined current Risk Management theories, developed a new 
framework for schedule risk analysis and a model for estimation and quantification of 
schedule risks. We used a case study approach where we spent most of the time in the 
research environment to verify our findings. 

6.2 Findings 
In summary, the results of this master thesis are: 

•  The refinement of current Risk Management theory, where Uncertainty 
Management and Crisis Management are distinguished entities with separate 
requirements. (see Figure 28) We believe that the distinction between Uncertainty-, 
Risk- and Crisis Management contributes to a deeper understanding of management 
of uncertainty in complex projects. 

•  The combination of Risk Management and Project Planning to form a structured 
Schedule Risk Analysis process for identification and estimation of uncertainty. (see 
Figure 29) The Schedule Risk Analysis framework should be part of Uncertainty 
Management in the pre-project phase. 

•  The illustration of the limitations of current project planning methods. 



 
Chapter 6: Conclusions 

 
 

 76

•  The development of a framwork that provides an easy-to-use approach to schedule 
risk analysis for any project using Excel™. This is to our knowledge, the only free 
and complete simulation tool for project schedules.7 

•  The verification of our results att Business Unit Gripen, SAAB Aerospace. The case 
study has shown that our framework for Schedule Risk Analysis, including the 
Excel™-based tool, can be used to improve current practice and precision of project 
planning. A number of recommendations have been presented to achieve this. The 
schedule risk analysis process seems to be easy to implement and the Excel™-
model and its requirements has been received well by all parties interviewed. 

6.3 Applicability 
In this thesis we have presented the results from our research in a theoretical framework for 
management of schedule uncertainty in the pre-project phase, an Excel-based tool 
supporting this methodology and a case study verifying its usefulness.  

Even though our case study has been conducted at SAAB Aerospace, Business Unit 
Gripen, we believe that our results are reasonably applicable to other businesses. The 
refinement of Risk Management into disciplines corresponding to projects’ phases is a 
theoretical result unrelated to specific business contexts. It should be seen as an effort to 
show that projects’ phases pose different requirements on Risk Management, regardless of 
company. 

The Schedule Risk Analysis process presented is the result of the combinatio of Risk 
Management and Project Planning. The framework should replace traditional project 
planning. Its usefulness has been verified in our case study, but we have no reason to 
believe that the process should not be applicable to other business contexts. Schedule Risk 
Analysis is however most valuable for large and complex projects where it is vital to know 
how risky a project plan included in an offer is. We do not believe that the industry context 
should affect the framework for Schedule Risk Analysis. However, some contingency 
factors such as the limited availability of historical data have affected the development of 
this framework. Historical data of activities’ duration is mostly not available for projects, 
however if it is, it can be used as a basis for three-point estimates. 

The Excel-based tool implements the Monte Carlo approach to project network simulation. 
The theoretical basis for this method is not related specifically to the pre-project context. It 
can be used in any application where the performance of a schedule network needs to be 
analysed. This also includes ongoing projects. The requirements of the model are 

                                                 
7 The Excel™-model can be downloaded from http://www.ekosys.eki.liu.se/andreas/SRA-model.xls 
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essentially related to the quality of the project network. For the method to give good results, 
the project network needs to be defined through activity definition and activity sequencing. 
If constraining relations are not defined in the network, the model will not produce accurate 
results. If the project network is defined properly the method should be applicable to any 
project schedule. The simulation model can also be adjusted to make calculations on other 
variables than duration, such as cost. 

6.4 Further research 
Management of uncertainty in the pre-project or bidding phase has not been covered by 
previous research. We believe that this area needs to be further investigated. Our research 
indicates that management of uncertainty in these early phases of projects should be 
considered extremely important, however it cannot be handled by existing Risk 
Management methods. 

First of all, we would like to see an extended verification of the theories presented in this 
thesis. Can the framework developed really be used in diverse companies/industries and 
does it provide significantly better precision in project plans? Secondly, it would be 
interesting to see whether the approach can contribute to the process of estimation of 
monetary variables. 
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APPENDIX 1: APPLICATION 
PRICES 

Application Price (as of 19/02/2003) 

Risk+ 2.0 $695.00 

@Risk 4.0 Standard $695.00 

@Risk 4.0 Professional $995.00 

Futura Nova N/A 

Crystal Ball 2000 Standard Edition $685 

Crystal Ball 2000 Professional Edition $1,490 

Crystal Ball 2000 Premium Edition $3,394 
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APPENDIX 2: 
IMPACT/PROBABILITY MATRIX 
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APPENDIX 3: INTERVIEW GUIDES 

Interviews with project leaders and planners  
1. Who is the customer for offer time schedules?  

2. How important are the time schedules in the offers? 

3. Is the “Create data for offer” process followed? 

4. How long is the offer creation process normally? 

5. Who conducts the planning activities at the operative departments BUG? 

6. Since when has BUG used offer time schedules?  

7. What is the format of the information from the operative departments and what does it 
contain? 

8. Does it differ from offer to offer who you have contact with in the operative parts of the 
organisation?  

9. What is your opinion about integrating the WBS and time schedules? 

10. How large do you think the uncertainties in the information delivered from the 
operative part of the organisation are? 

11. Do you think it is possible to request time estimations from the operative part of the 
organization as three-point estimates (low, most-likely, high)? What about causes for 
uncertainties (resources, technical development, subcontractors etc)?  

12. If time estimates and causes could be delivered to the offer creation process, do you 
think that it would contribute to the quality of the offers or create additional noise/work-
load?  

13. Other remarks? 
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Interviews with representatives from the operative 
departments 
1. Who conducts the planning activities at your department? 

2. How do the employees at your department use time schedules when the work is carried 
trough? 

3. How large uncertainties do your time schedules contain and what do they stem from? 

4. Is it possible to describe your department’s part of an offer in a generic project 
network? Do you think the idea of a generic offer plan is good? 

5. Is it possible to collect time estimates from your department as three-point estimates? 

6. How should a request for time estimates be designed to be as easy as possible from 
your point of view? 

7. (After presentation of the Excel-model) Do you think this approach would be beneficial 
to the organisation? Do you support the implementation of it? 

8. Other remarks? 
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APPENDIX 4: ALTERNATIVE 
APPLICATION SUPPORT 

A number of alternatives exist for MCS, besides the possibility to develop an Excel 
model such as the one presented in chapter 5.1.2. Each of the major alternatives will be 
described in the following and evaluated. 

Microsoft Excel add-ins 
First of all, there are commercial (and even a couple of non-commercial) Microsoft Excel 
add-ins that support parts of the simulation methodology. This usually includes 
distribution-specific random number generation formulas, simulation iteration with a 
mouse-click and automatic generation of charts. This functionality can be achieved in Excel 
without add-ins but requires some statistic functions etc. Excel add-ins lack in simplicity 
especially in the definition of project network logic. The network logic needs to be custom-
defined using formulas for each network analysed. This is of course not needed to conduct 
Monte Carlo Simulations of cost data. The use of add-ins therefore requires thorough 
understanding of Excel and formulas used to describe the logic in project networks. The 
help materials supplied with the add-ins tend to be of poor standard and there is hardly any 
support available. The good part of Excel add-ins is that they are cheap ($0-$29).  

An example of the use of an Excel add-in (RiskSim.xla8) is shown below. A three-activity 
network has been entered with three-point estimates for each activity. The “Total Duration” 
(the project network logic) has been specified manually as Activity C’s duration plus the 
maximum of the duration of 
Activities A and B. The 
“RANDTRIANGULAR” 
column uses the 
RANDTRIANGULAR() 
function that comes with the 
add-in to calculate a random 
variate within the distribution 
function based on the entered 
three-point estimates. The 
dialog shown is used to run the 

                                                 
8 http://www.treeplan.com 
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simulation and the results are generated in another worksheet. 

All the simulation results and frequency calculations are shown in the other worksheet 
along with the two diagrams illustrated below. The add-in is quite straight-forward to use, 
but as said above it requires manual definition of the project’s network logic. 

 

Crystal Ball 
Crystal Ball is an Excel application, however more powerful than others. It does not 
include any functionality for the definition of project logic, but the specification of 
distributions and the entering of three-point estimates are very easy and intuitive. 
Significant Excel knowledge is needed to use the tool for project schedule risk analysis 
since the logic needs to be defined manually. This also makes the analysis more time-
consuming. An example similar to the RiskSim demonstration above is shown below. 

 
The results from the simulation are nicely presented. The cumulative probability curve and 
the frequency diagram are shown below. It is also possible to get output on percentile 
values. Crystal Ball is quite expensive (see Appendix 1) considering the limited 
functionality of the application.  
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Futura Nova 
An application aimed solely at risk analysis, Futura Nova, has also been considered. It is 
actually a tool designed for the successive principle methodology. However, the 
quantification phase of this methodology is based on Monte Carlo Simulation. It is this part 
of the application that has been evaluated. Futura Nova is an alternative to Gripen since it 
is already procured and available. The application is quite mediocre in design and 
functionality and it requires all project schedule data in Microsoft Project to be manually 
entered. It is not very intuitive to use but generates nice charts and includes a quite good 
help function. The screenshots below illustrate the entering of activity details and a 
generated cumulative probability curve. 
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Project planning software add-ins 
Project planning software has the ability to visualise the project network in network 
diagrams and Gantt charts and the tools available as extensions to for example Microsoft 
Project can make use of data already entered in the project plan. Two Microsoft Project 
add-ins have been considered: RiskPlus and @Risk. These are both very competent and 
comprehensive risk analysis tools. 

RiskPlus is easy to operate after some training or after watching the supplied tutorial. 
Three-point estimates for each activity in the regular schedule can be entered in a dialog 
such as the one below.  

 
The simulation generates data like the example below for each reporting activity (checked 
in the “Reporting Task” checkbox above). The results include a frequency diagram and a 
cumulative probability curve along with some details. The estimated completion times for 
some probability values are listed in the adjacent table. 
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The simulation in RiskPlus also produces an additional view in Microsoft Project called 
the Risk Gantt Chart. It includes a criticality index for each task. The criticality index 
measures how often one specific task was on the critical path during the simulation in 
percent. The tasks marked 9 in the example below were on the critical path 9% of the times. 
However, these were the tasks considered the critical path using traditional CPM-
calculation. The tasks marked 91 were not on critical path in the traditional Gantt view but 
should be considered critical. These activities are therefore painted in a distinct colour. As 
seen below it is also possible to copy the results of the simulation into the Gantt chart. 

RiskPlus has many features not shown here, but is quite easy to learn, operate and is user 
friendly. It is integrated in Project and continuous maintenance is not needed. The 
application is however quite expensive ($695). 

 
@Risk is an even more advanced risk analysis tool than RiskPlus. It includes many 
analysis methods and views and all the simulation data is available for further analysis. The 
analysis part of @Risk is Project-integrated but still a full-blown application in itself. 
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Though @Risk is a very powerful risk analysis tool it can be perceived as complex and it 
is quite hard to learn. Three-point estimates are entered for each activity in dialogs like the 
one below, but it is also possible to adjust more than one activity at the time. As seen the 
dialogs are quite complicated or even cluttered. 

 
The screenshot below illustrates the two most common analysis diagrams. @Risk 
supports many additional analysis methods. 
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The values generated in the analysis can also be copied back into the activity list of Project, 
even though the information is not integrated in the Gantt chart as with RiskPlus. The 
criticality index is listed for each activity as shown below. 

 
 


