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The objective of this study is to define the role and activities of project 

controlling and risk management in German machine and plant 

engineering companies. This thesis work is a qualitative study, in which 

the descriptive methods are strongly used. The data for the empirical part 

was collected by means of a questionnaire. The results of the 

questionnaires were processed by Microsoft Office Access and analyzed 

by Microsoft Office Excel and Pivot table tool. 

 

The results show that there exist holes in a proper usage and in frequency 

of use of project controlling and risk management methods and activities 

in German machine and plant engineering companies. By strengthening 

and focusing more on project controlling and risk management methods 

and processes, the performance of projects as well as of companies would 

improve. 
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Tutkielman tavoitteena on määritellä projektikontrolloinnin ja –

riskijohtamisen roolit ja toiminnot saksalaisissa kone- ja 

tehdassuunnitteluteollisuusyrityksissä. Tämä on kvalitatiivinen tutkielma, 

jossa käytetään voimakkaasti kuvailevia metodeita. Materiaali tutkimuksen 

empiiriseen osaan kerättiin kyselykaavakkeen avulla. Kyselykaavakkeiden 

tulokset käsiteltiin Microsoft Office Access- ohjelmalla ja analysoitiin 

Microsoft Office Excel- ohjelmalla ja Pivot table- työkalun avulla.  

 

Tutkimustulokset osoittavat, että asianmukaisessa projektikontrollointi- ja 

riskijohtamismetodien käytössä ja käyttötiheydessä esiintyy puutteita 

saksalaisissa kone- ja tehdassuunnitteluteollisuusyrityksissä. 

Tehostamalla ja keskittymällä enemmän projektikontrollointi- ja 

riskijohtamismetodeihin ja prosesseihin sekä projektien että yritysten 

suorituskyky paranisi. 

 

 



 

FOREWORDS 
 

Last seven months have taught me a lot, not only about project controlling 

and risk management, but also about accomplishment of goals. Even 

reaching the great goals is not impossible, though an extraordinary load of 

work is necessary. After spending hundreds of hours on my computer, 

today I can finally state that I have reached one of the most important 

goals in my life. My master thesis is ready and it is hard to put into words 

how happy I am about it! 

 

I want to express my thanks to Ernst & Young AG, Düsseldorf for their 

cooperation and my colleagues for providing a nice work atmosphere. 

Especially I want to thank my supervisor at Ernst & Young, Mr. Stephan 

Chrobok.  

 

I want to thank Professor Jaana Sandström as well for good guiding even 

from a distance. 

 

Finally I want to thank my loved ones. I want to thank my mother Mirve 

and father Ari for their encouragement during my studies as well as their 

economical support, which made my student life very enjoyable. My sister 

Susanna I want to thank for those phone calls, which gave me more 

perseverance to carry out this thesis. My biggest gratitude belongs to 

Christian, who put up with me in times of stress and encouraged me 

greatly during the whole process of this master’s thesis.   

 

 

 

Cologne, 27.7.2007 

 

 

Marianne Ampiainen  

 



 

CONTENTS  
 

1 INTRODUCTION .................................................................................... 1 

1.1 BACKGROUND OF MASTER’S THESIS WORK ............................................ 1 

1.2 SCOPE AND LIMITATIONS...................................................................... 3 

1.3 RESEARCH METHOD ............................................................................ 5 

1.4 STRUCTURE OF THE RESEARCH............................................................ 6 

2 THEORY OF PROJECT MANAGEMENT, CONTROLLING AND RISK 
MANAGEMENT......................................................................................... 7 

2.1 PROJECT MANAGEMENT ...................................................................... 7 

2.1.1 Project management processes and life cycle........................... 9 

2.1.2 Discussion and trends of project management........................ 11 

2.2 PROJECT CONTROLLING .................................................................... 14 

2.2.1 Project Controlling Process...................................................... 17 

2.2.2 Schedule planning and controlling tools .................................. 20 

2.2.3 Network planning and analysis techniques.............................. 24 

2.2.4 Cost planning and controlling tools .......................................... 26 

2.3 PROJECT RISK MANAGEMENT ............................................................. 29 

2.3.1 Project risks ............................................................................. 30 

2.3.2 Project risk management processes........................................ 32 

2.3.3 Project risk management tools................................................. 35 

2.3.4 Discussion and trends of project risk management ................. 39 

3 EARLIER RESEARCH ON SUCCESS AND FAILURE FACTORS OF 
PROJECTS ............................................................................................. 42 

3.1 EXPLAINING SUCCESS AND FAILURE OF PROJECTS ............................... 43 

3.1.1 Success factors of projects...................................................... 43 

3.1.2 Failure factors of projects......................................................... 48 

4 EMPIRICAL SURVEY .......................................................................... 52 

4.1 GENERAL INFORMATION OF THE SURVEY ............................................. 52 

4.1.1 German machine and plant engineering industry .................... 52 



 

4.1.2 The German engineering federation ........................................ 54 

4.1.3 Questionnaire design............................................................... 54 

4.1.4 Company sample, role of respondents and customer order 

projects ............................................................................................. 55 

4.2 FINDINGS WITH REGARD TO PROJECT CONTROLLING............................. 60 

4.2.1 Project planning and controlling............................................... 60 

4.2.2 Organization structure, project controlling staff and wage 

structure............................................................................................ 64 

4.2.3 Project reporting ...................................................................... 66 

4.2.4 Variations to plan ..................................................................... 69 

4.2.5 Tools of project controlling....................................................... 70 

4.3 FINDINGS WITH REGARD TO PROJECT RISK MANAGEMENT ..................... 73 

4.3.1 Different risks and their identification and evaluation tools ...... 73 

4.3.2 Early warning indicators and project risk controlling ................ 78 

4.3.3 Project risk management and company-wide risk management

.......................................................................................................... 82 

4.4 FINDINGS WITH REGARD TO DISRUPTIONS OF CUSTOMER ORDER PROJECTS

............................................................................................................. 83 

4.4.1 Phases of project life cycle ...................................................... 84 

4.4.2 Main reasons for disruptions of project .................................... 85 

5 CONCLUSIONS ................................................................................... 93 

5.1 BASIS AND TARGET OF MASTER’S THESIS WORK ................................... 93 

5.2 MAIN EMPIRICAL FINDINGS ................................................................. 93 

5.3 FURTHER RESEARCH SUGGESTIONS ................................................... 96 

SOURCES ............................................................................................... 98 

APPENDIX 1. 



 

 

1 

1 INTRODUCTION 
 

1.1 Background of master’s thesis work 
 
My master’s thesis work concerns project controlling and project risk 

management in German machine and plant engineering companies. Even 

though these companies have already many decades of experience in the 

accomplishment of projects, there have not been conducted many studies 

about above-mentioned subject matter in this branch. In order that 

German machine and plant engineering industry is able to keep its global 

leading position, its projects have to progress as planned. To reach the 

best performance, the planned targets of the projects and to keep the 

projects in their limits, management must know how to manage and 

control project and project risks adequately. Mistakes and failures in 

project management, controlling and risk management often lead to 

budget and schedule exceeding the project plan, the failure of the whole 

project, or run the whole company down in the worst case. These are the 

reasons why I found that it is important to concentrate on project 

controlling and project risk management especially in this leading industry 

branch of Germany. In my study I will focus on how these companies carry 

out their project controlling and project risk management. On the other 

hand I will also try to aid management of these German companies to find 

ways how to improve their project performance with the help of proper 

project controlling and project risk management.  

 

This thesis is written for Ernst & Young AG, department of Risk Advisory 

Services in Düsseldorf, Germany. The idea of my thesis work is partly 

based on the results of Ernst & Young’s Best Practice Survey 

“Risikomanagement 2006”. This Survey 2006 rests on a representative 

inquiry addressed to the biggest German companies in the branches of 

industry (ca. 51%), commerce (ca. 25%) and technology (ca. 20%) 

excluding banks, insurance companies and financial service providers. 

The companies mentioned above were left out of the survey, because 
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their risk management in consequence of their regulative aspects is not 

representative in the company sample. The companies which participated 

in the inquiry were not only companies listed on the stock exchange 

(37%), but also explicit big companies representing other company forms. 

The reply percentage of the inquiry was 17 %. 

 

Ernst & Young’s Best Practice Survey “Risikomanagement 2006” 

concentrates on three main aspects, which highlight the increasing 

disposition of the risk management methodology in the following areas of 

the controlling system: 

 

• Management of entrepreneurial opportunities - Opportunity 

management 

• Integration of risk management and process controlling systems to 

a process risk management - Operative risk management 

• Use of risk management methods for monitoring of projects – 

Project risk management  

 

Projects have an important role in the business. In order to improve the 

productivity and profitability of companies, it is essential that the projects 

advance as planned. However, according to Ernst & Young’s survey and 

earlier researches, many different projects have in common that they miss 

their targets. The results of the company interviews in the previous Ernst & 

Young survey showed that almost 40 percent of all projects in interviewed 

companies were not finished in a predefined budget or in a planned 

timeframe. Six percent of all projects failed completely. The awareness of 

the fact that an active project risk management is necessary prevails, but 

there is still a lot to learn in practice. The early identification and 

assessment of both future risk and future opportunity trends is the 

precondition for a successful long-term corporate and project risk 

management. The above-mentioned disruptions of projects among others 

are the reasons for my research. Such as we will later learn, there are tight 

relations between project management, controlling and project risk 
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management. That is why in addition to the last topic of Ernst & Young’s 

Best Practice Survey “Risikomanagement 2006”, project risk management, 

also project management and controlling are presented in this master’s 

thesis work.  

 

1.2 Scope and limitations  
 
This master’s thesis work focuses on project management, project 

controlling, project risk management and disruptions of projects. There are 

two parts in this master’s thesis work, the theory part and the empirical 

part. I have worked up the theory part generally from the viewpoint of 

companies, in which project management, controlling and project risk 

management are carried out. The viewpoints of many experts in the 

above-mentioned fields are presented in the theory part as well. The 

empirical part researches the project controlling, project risk management 

and disruptions of projects from the viewpoint of German machine and 

plant engineering companies questioned in the study.  

 

The main research problem of my thesis consists of the following question: 

 

• Which role do project controlling and project risk management 

 play in German machine and plant engineering companies? 

 

My research target is to identify the role and activities of project controlling 

and project risk management in German machine and plant engineering 

companies. I approach this target by figuring out the current performance 

of customer order projects and the position of project controlling and risk 

management in these German companies. I identify and study the 

companies´ usage of controlling and risk management methods and tools, 

which they use to prevent and mitigate the possible disruptions and risks 

of projects. At the end of the study I try to figure out the project phases, in 

which the companies encounter most frequently difficulties and the main 

reasons for different problems of projects. I also try to aid the management 
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to discover how to improve their project performance by means of 

appropriate project controlling and risk management.  

 

To reach my research target, I will search for the answers to the following 

sub-questions:  

 

• What are the main reasons for disruptions of projects?  

• To what extent do German machine and plant engineering 

companies make use of methods and tools of project controlling 

and project risk management in order to avoid disruptions in their 

customer order projects? 

• How would the active and effective use of project controlling, 

project risk management and their methods reduce the amount of 

disruptions of projects and in this way improve the success of 

projects in companies?  

 

It is essential to note that the theory part of this thesis deals with general 

theory of project management, while the empirical part concentrates 

especially on customer order projects, not internal projects, in the branch 

of the German machine and plant engineering industry. Internal projects 

are for example implementation of new software or development projects. 

The empirical part is carried out in coordination with the German 

Engineering Federation (Verband deutscher Maschinen- und Anlagenbau, 

VDMA). The material for the empirical part is collected through a 

questionnaire, which was sent to 150 German machine and plant 

engineering companies. The reply percentage of the inquiry is 22 %. The 

questionnaire can be found in the appendix 1.  

 

The questionnaire consists of four main parts, which are project 

controlling, project risk management, claims management and disruptions 

of customer order projects. Because of the empirical study’s focus on 

above-mentioned topics, there are not any special questions in the inquiry 

in relation to project management. This is why project management is left 
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out of the empirical part. However, the general information of project 

management, controlling, project risk management and success and 

failure factors of projects is presented in the theory part of this thesis, 

because it assists to piece together the theoretical framework which exists 

in the background of the project controlling and project risk management 

practice. In order to stay within the limits of this thesis work and to keep its 

focus, the claims management is neither presented in the theory nor in the 

empirical part. The claims management relates to how contractual 

problems are dealt with in the course of the project. The reason why 

claims management yet exists in the questionnaire is that my master’s 

thesis work and the wider Ernst & Young Best Practice Survey 2007 use 

the same questionnaire for the basis empirical study. This thesis work is 

the other part of the two-pieced Ernst & Young Best Practice Survey 2007, 

in which also the claims management is being studied.  
 

1.3 Research method 
 

This master’s thesis work is a qualitative study, in which the descriptive 

methods are strongly used. In the theory part I have used lots of different 

journals, such as Project Management Journal and International Journal of 

Project Management, and their newest researches in the field of project 

management, controlling and project risk management. I have also used 

literature and one doctoral thesis of above-mentioned fields in the theory 

part of my work. This part aims at giving an overview how an effective 

project management, controlling and project risk management work in 

companies. The data for the empirical part is based on the questionnaires, 

which were sent to German machine and plant engineering companies. 

The empirical part defines and describes the current situation of project 

controlling, project risk management and disruptions of the customer order 

projects in the above-mentioned companies. The information and results 

of the questionnaires are processed by Microsoft Office Access and 

analyzed by Microsoft Office Excel and Pivot table tool.   
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1.4 Structure of the research 
 
There are five chapters in my master’s thesis work: 

1. Introduction 

2. The theory part of thesis work 

3. Earlier research  

4. The empirical part of thesis work 

5. Conclusions 

 
In the introduction the dilemma, limitations, viewpoints and targets of the 

research are defined. After the introduction the research focuses on the 

general theory of project management, controlling and project risk 

management. In this chapter the theory of above-mentioned themes is 

studied and explained in support of the questionnaire used in the empirical 

part of this thesis work. This chapter concerns the theory from the 

viewpoints of companies, in which project management, project controlling 

and project risk management are performed. The viewpoints of many 

experts in the field of project management, controlling and project risk 

management are presented in the theory part as well. The third part of this 

thesis concentrates on the earlier research on success and failure factors 

of projects. In this part the research aims at grouping the factors which 

usually have the greatest influence on the project success or on the 

project failure. Chapter four explains and presents the process and the 

results of the empirical part of this study. The conclusions of the study are 

presented at the end of the research.  
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2 THEORY OF PROJECT MANAGEMENT, 
CONTROLLING AND RISK MANAGEMENT  

 
Before taking a closer look at the general theory of project management, 

project controlling and project risk management, it is essential to 

understand the definition of project and project risk.  

 

According to Field and Keller (1998, 2, 423), the word project is often used 

to describe something outside normal day-to-day work, but on the other 

hand, in some fields such as plant engineering, the normal day-to-day 

work is carrying out “projects”. Field and Keller define also more 

specifically that the project is organized work towards a pre-defined goal 

or objective that has clear boundaries, which requires resources and 

effort, which is unique and therefore has an element of risk and 

uncertainty and which operates under time, cost and quality constraints.  

 

Chapman and Ward (1997, 7) define project risk as following: a source of 

risk is any factor that can affect project performance, and risk arises when 

this effect is both uncertain and significant in its impact on project 

performance.  

 

2.1 Project management 
 
According to Project Management Institute Standards Committee (1996, 

6) project management is the application of knowledge, skills, tools and 

techniques to project activities in order to meet or exceed customer needs 

and expectations from a project.  Meeting and exceeding customer needs 

and expectations invariably involves balancing competing demands 

among: scope, time, cost and quality, customers with differing needs and 

expectations and identified and unidentified requirements and 

expectations. Kerzner (2004, 2) encapsulates project management as 

follows: project management is the planning, scheduling and controlling of 

a series of integrated tasks such that the objectives of the project are 
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achieved successfully and in the best interest of the project’s 

stakeholders, such as customers. Pinto and Kharbanda (1996, 47) define 

that “project stakeholders” is the term used to refer to any group, internal 

or external to the company, that has an active stake in the project’s 

development. 
 

Recent definitions of project management emphasize the importance of 

working with stakeholders to define needs, expectations and project tasks. 

It is said that project management is about managing people to deliver 

results, not managing work itself. Project management is applied on 

projects to optimize efficiency and effectiveness. (Jugdev & Müller, 2005, 

20) Many have attempted to define project management and while some 

different suggestions about what project management is have been made, 

the criteria for success, namely cost, time and quality remain and are 

included in the actual description. These three factors are often referred to 

as The Iron Triangle. (Atkinson, 1999, 337-338) However, there does not 

exist the one and only definition for project management. This is because 

projects indeed have a wide range of variations and that is why “one size 

does not fit all projects” (Shenhar, 2001, 411).  

 

Even if there is not one right definition for project management, there are 

some generally accepted concepts and phases of it and generally 

accepted thoughts that all knowledge on project management can be 

classified. Project Management Institute classifies in Project Management 

Body of Knowledge, PMBOK, the knowledge of project management 

under the following headings: integration management, scope 

management, quality management, time management, cost management, 

risk management, human resources management, procurement 

management and communications management (Project Management 

Institute Standards Committee, 1996, 39-133). This list is complemented 

by project life cycle or project management life cycle, by explaining that it 

is also an inherent component of project management (Turner, 2006, 187) 

In other words, project management has to deal with an enormously broad 
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range of issues, which is a huge challenge for project managers, because 

they normally do not see themselves as experts in all these different areas 

(Kolltveit et al., 2007, 8-9). In this thesis work, we will touch all the 

knowledge areas of project management, but especially we will focus on 

time, cost and risk management. In the next paragraphs, the thesis 

concentrates on project management processes, life cycle and discussion 

and trends of project management.   
 

2.1.1 Project management processes and life cycle  
 
Project life cycle or project management life cycle (see figure 1 below) are 

useful to help to recognize different ways of moving from the project’s 

beginning to its end and the broad phases where the activities that take 

place change from one type to another. The cost and staffing levels of 

projects are low at the start, higher towards the end and drop rapidly as 

the project draws to a conclusion. (Field & Keller, 1998, 61; Project 

Management Institute Standards Committee, 1996, 12) There are, 

however, different kinds of descriptions of project life cycle, some of them 

may be very general or very detailed, but they all have the same kind of 

basis. This research concentrates on Wysocki´s and Weiss´ life cycle.  

 

Project management is accomplished through the application and 

integration of the project management processes of initiating, planning, 

executing, monitoring and controlling as well as closing (Lewis, 2005, 7). 

These project management processes are not discrete, one-time events. 

They are overlapping activities which occur at varying levels of intensity 

throughout each phase of the project life cycle. (Project Management 

Institute Standards Committee, 1996, 28) This study focuses more 

precisely on the project control process in paragraph 2.2.1.  
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Figure 1. General scheme of project life cycle (Project Management 

Institute Standards Committee, 1996, 12) 

 

Projects are born when a need is identified by the customer. According to 

Wysocki and Weiss, the first phase of the project management life cycle is 

the scoping phase, in which the project is planned; the problem or need is 

stated, the project objectives are defined, the success criteria is identified 

and assumptions, risks and obstacles are listed. During the second phase 

the project plan is developed. For example, project activities are identified 

and their durations are estimated. The third phase of the project 

management life cycle is to launch the plan. In this phase among others 

project team is organized and operating rules are established. The 

completion of this final planning activity signals the beginning of the 

controlling phase. (Wysocki, 2000, 84-87) From the viewpoint of risks, they 

are most likely to occur in the above-mentioned early phases of the life 

cycle and least likely to occur during the final phase. This is because in the 

final phase the majority of the project work is completed so the probability 

of risk events occurring decreases. (Heldman, 2005, 10) 

 

A number of project status reports will have been defined in the previous 

phase and are used to control the project’s progress. Change 

management is a major part of controlling phase and procedures will have 

been installed as part of the launch phase to process change requests. 

From a risk management viewpoint, any changes in objectives and 
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performance criteria at any phase of the project management life cycle 

need to be carefully evaluated for risk implications. This is why strategies 

for managing risk can not be separated from strategies for managing 

project objectives (Ward & Chapman, 1995, 149). The final phase of the 

project management life cycle begins when the customer states the 

project is finished. This “doneness criteria” must have been agreed by the 

customer already in the project plan. The following activities occur in the 

final phase, to close out the project, installing the project deliverables, 

completing project documentation and post implementation audit and 

issuing the final project report. (Wysocki, 2000, 87-90) Project reports may 

take various forms, such as final project report, debriefing meetings and 

post implementation audit. The aim of these various reviews is to make 

clear whether the planned benefits are actually being realized in the 

project and to identify any actions required ensuring that they are. (Field & 

Keller, 1998, 361)  

 

In practice, it seems as though successful projects are in no need of final 

evaluation to identify reasons for good performance. Meeting the 

objectives in terms of cost, time and performance is the same as putting 

the project aside without asking why it was such a success. On the other 

hand, when projects fail, project evaluation seems to be far more common. 

(Packendorff, 1995, 323) Whether the project was successful or not, the 

final evaluation and project reports should be made. Only in this way all 

participants of projects can learn from the project. Pollack (2007, 271) 

states in her article, that the secret of success in project management is 

learning. In paragraph 3.1 we will concentrate more precisely on the failure 

and success factors of projects.   

 

2.1.2 Discussion and trends of project management  
 
Project management is a field with its own professional associations, such 

as above-mentioned PMI and International Project Management 

Association, IPMA, its own journals and conferences (Packendorff, 1995, 
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320). Project management can be seen as a socially constructed field of 

practice that has developed from tools and techniques designed to support 

the management of major projects. Especially from the mid-1990s onward, 

interest in project management grew progressively stronger and over the 

years there have developed new ways of thinking to outline and classify 

project management (Crawford, 2006, 75). In the next paragraphs we will 

concentrate on different outlining and classifying ways and trends of 

project management, defined by specialists in project management issues.  

 

Over the last few decades, a great deal has been written about the hard 

and soft paradigms. A critical reading of the literature confirms strong links 

between the hard paradigm and project management. However, it is also 

demonstrated that undercurrents exist in the literature, which suggest a 

growing acceptance of the soft paradigm. The terms “hard” and “soft” are 

inconsistently and ambiguously used in the project management literature. 

For instance, the term “soft” is often used to indicate a vague focus on 

people or intangibles. However, in practice the “hard” and “soft” paradigms 

are associated commonly as follows: practice based on the hard paradigm 

tends to emphasise efficient, expert-led delivery, control against 

predetermined goals and an interest in underlying structure. At the same 

time practice based on the soft paradigm emphasises learning, 

participation in the facilitated analysis of projects and typically 

demonstrates an interest in underlying social process. In spite of growing 

acceptance of the soft paradigm, there is a strong trend towards control 

and hard paradigm in the project management literature. An assumption 

that human destiny is controllable pervades the project management 

profession, with many project management principles focusing more on 

creating the idea of control than on learning. (Pollack, 2007, 266-268)  

 

In contrast to Pollack, Kreiner (1992, 44-50) estimates that learning, 

participation and innovation will have to become as common in project 

management terminology as they have been for years in modern 

organization theory. Packendorff (1995, 326) implies that in future projects 
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should be research in terms of culture, conceptions, relations to the 

environment, longitudinal processes etc. rather than simply as goal-

fulfilling subsystems.   

 

Kolltveit et al. (2007, 4, 8) concern the project management on the 

viewpoint of task, leadership, system, stakeholder, transaction cost and 

business by project perspectives. This is because there has been a trend 

towards more attention on project processes, which implies a need for 

debate on the identity of project management research. Findings show 

that the task and leadership perspectives together are dominant in modern 

project management literature, indicating that it is primarily based upon 

these two perspectives. The focus on the task perspective is on the project 

object that should be delivered as specified, within budget and on time. 

Key issues include project scope of work, project targets, project results, 

planning and controlling. The leadership perspective for one focuses on 

the leadership aspect of project management and human processes. Key 

issues are leadership, communication, uncertainty and learning.  

 

According to Kolltveit´s et al. (2007, 8) research, modern project 

management literature focuses more on leadership than the traditional 

literature used to. The leadership perspective is the single most used 

perspective today and the project management literature shows a growing 

application of this perspective. One surprising observation of the research 

was the modest number of observations related to the stakeholder 

perspective. This may be an indication that modern authors do not show a 

particular interest in the stakeholders. Kolltveit et al. however will argue 

that effective stakeholder management is important for project success 

and thus they strongly believe that the stakeholder perspective should be 

given more attention in future.      

 

In conclusion Pollack states that there is a strong trend towards control 

and hard paradigm in the project management literature, but identifies also 

some undercurrents in literature which suggest a growing acceptance of 
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the soft paradigm and learning. Kreiner emphasizes learning, participation 

and innovation as a trend in project management and Packendorff 

emphasizes the viewpoint of culture, the relations to environment etc. in 

project management research besides pure goal-fulfilling actions. Kolltveit 

et al. conclude that the leadership and task perspectives are the two 

dominant perspectives emphasized by authors of the new books in project 

management, though project management literature shows a growing 

application of leadership perspective. Although there have appeared some 

new trends in project management literature and research, we can 

assume that the traditional viewpoint of control will keep its durable 

position.  

 

2.2 Project controlling 
 
To get the right picture of project controlling, it is important to understand 

its position in general controlling of companies and on the other hand in 

project management. Project controlling has an important connection to 

the general controlling of companies, because the data of projects has 

usually a significant influence on success and liquidity of a company. That 

is why project controlling can be seen as a special function in general 

controlling of companies besides other functions, such as research and 

development controlling. On the other hand, project controlling supports 

the work of project management by being one part of project management 

processes. (Litke, 2005, 509)  

 

The only reason for doing a project plan is to achieve control of the project 

(Lewis, 2005, 323). This is the reason why we will first focus briefly on 

project planning and afterwards more precisely on project controlling. The 

project planning determines the definition of the project objective. This 

definition must be agreed upon by the customer and by the individual or 

organization that will perform the project. Once the project objective has 

been defined, the next step is to determine what work activities need to be 

performed to accomplish it. This requires developing a list of all activities. 
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There are two approaches to prepare such a list. One is to “brainstorm” 

the list of activities in a project team and the other one is to create a Work 

Breakdown Structure, WBS, which will be presented later in paragraph 

2.2.2. After that it is essential to make a time estimate and a cost estimate 

for each activity. The last step of project planning is to calculate a project 

schedule and budget to determine whether the project can be 

accomplished within the required time, with the allotted funds and with the 

available resources. (Gido & Clements, 2003, 78-79) The successful 

performance of a project depends on appropriate planning (Rozenes et al., 

2006, 6). If there is no plan, project control is impossible (Lewis, 2005, 

323). Despite the importance of planning, the projects should not be 

planned too much in detail. Some managers may demand a detailed plan 

and force the project to produce one. This illustrates the well-known 

planning dilemma: the project prepares detailed plans and makes its most 

important decisions when the information available is at a minimum. The 

managers should be educated to be satisfied with an overview plan and 

not to press for too detailed plans at an early stage of the project. 

(Andersen, 2006, 26)  

 

While the project work is being planned and performed, it is necessary to 

monitor progress to ensure that everything is going according to plan. The 

key to effective project control is measuring actual progress and 

comparing it to planned progress on a timely and regular basis and taking 

corrective action immediately, if necessary. By measuring actual progress, 

it is important to keep track of which activities have actually been started 

and completed, when they were started and completed, and how much 

money has been spent or committed. If, at any time during the project, a 

comparison of the actual progress to the planned progress reveals that the 

project is behind schedule, overrunning the budget, or not meeting the 

technical specifications, corrective actions must be taken to get the project 

back on track and to correct these negative variances. (Gido & Clements, 

2003, 81)   
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Variance reports are of particular importance to management. They are 

simple and intuitive, and they give managers an excellent tool by which to 

quickly assess the health of a project. Positive variances indicate that an 

ahead-of-schedule situation has occurred or that an actual cost was less 

than a planned cost, meanwhile negative variances indicate a behind-

schedule situation or that an actual cost was greater than a planned cost. 

To take corrective action to a negative variance it is necessary to know 

where the problem is and to have that information in time to do something 

about it before it is too late to correct it. (Wysocki et al., 2000, 266, 275)   

 

Frame (2003, 168) states that without knowing anything about the project 

in question, he would say that there arise almost always variances 

between the actual project progress and planned project progress.  Frame 

explains this by stating that one of the fundamental realities of project 

management is that there will be variances between actuals and the plan. 

He reminds that all plans are guesses, and while our best guesses may be 

quite good, it is unlikely they will be perfect. Frame takes the existence of 

variances between the actuals and the plan for granted. That is the reason 

why he suggests project personnel to approach the control function on the 

view of acceptability of variance by asking, “Are the variances we 

encounter on our project acceptable?” By basing our approach to project 

control on this question, we are taking the realistic position that there will 

be variances. After that we should focus on whether the variances we 

inevitably encounter are reasonable or wildly wrong. 

 

To answer this control question, we must establish criteria of acceptability 

for variances. On high-risk projects with high levels of uncertainty we 

typically are willing to accept large variances. With low-risk projects, such 

as routine construction efforts, our criteria of acceptability are much more 

restrictive, because our knowledge of how things should work out on the 

project is precise. Variances of more than two percent from the plan may 

be viewed as unacceptable on a routine project. On high-risk projects with 

high levels of uncertainty, we may be willing to live with variances even of 
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20 percent. As the project comes to termination, however, the variance for 

the entire project should approach zero, if the project is to conclude close 

to planned schedule and budget.  (Frame, 2003, 168-169)  

 

2.2.1 Project Controlling Process 
 
Figure 2 below shows the connection between Gido’s & Clements´, 

Frame’s and Litke’s views of the project controlling process together. It is 

mainly based on the figure presented by Gido and Clements (2003, 199), 

but it has been extended to the view of acceptability of variance, 

presented by Frame and to the view of risk analysis, presented by Litke. 

The ground for this figure extension is that Gido’s and Clements´ view of 

the project controlling process is not extensive, but the figure added by 

Frame’s view of acceptability of variance and Litke’s view of risk analysis 

makes it complete.  
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Figure 2. Project controlling process (Gido & Clements, 2003, 199) 

 

Figure 2 illustrates the steps in the project controlling process. It begins 

with establishing a baseline plan. The concrete risks of the project should 

be examined and the baseline risk analysis should be conducted as well. 

Only when risks have been identified and the likelihood of risks is known, 

the impact of risks on project estimates, budget and schedule can be 

evaluated and the measures against risks can be planned (Field & Keller, 

1998, 110). These actions together are called risk analysis. Such as 

Rozenes (2006, 10-11) states with his colleagues, risk analysis is 

important already at the beginning of the project, because it is an ongoing 

process. Once the baseline plan and the risk analysis are agreed upon by 
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the customer and the contractor, the project can start. (Gido & Clements, 

2003, 198) This thesis focuses more precisely on project risks in 

paragraph 2.3.1. 

 
A periodic reporting system identifies the status of every activity scheduled 

for work since the last progress report. These reports summarize progress 

for the current period as well as the cumulative progress for the entire 

project. (Wysocki et al., 2000, 266) Reporting may be daily, weekly, 

biweekly or monthly depending on the complexity or overall duration of the 

project. If a project is expected to have an overall duration of a month, the 

reporting period might be as short as a day. On the other hand, if a project 

is expected to run five years, the reporting period might be a month. 

During each reporting period two kinds of data or information need to be 

collected: data on actual performance, such as the actual costs expended, 

and information on any changes to the project work, schedule, budget and 

risks. (Gido & Clements, 2003, 200) These changes could be initiated by 

the customer or the contractor, but they can also be the result of an 

unexpected occurrence such as equipment malfunction or acts of nature 

(Wysocki, 2000, 294). It should be noted that once changes are 

incorporated into the plan and into the risk analysis, and agreed on by the 

customer, a new baseline plan has to be established and a new risk 

analysis has to be conducted. It is crucial that the updated project 

schedule, budget and risk calculations are based on the latest possible 

information. (Gido & Clements, 2003, 200) 

 

After comparing above-mentioned updated data to baseline schedule, 

budget and risk analysis, possible variances between them need to be 

analyzed. If there do not appear variances between the actual project 

process and the planned project process, i.e. the project status is okay 

and no corrective actions are needed, the status will be analyzed again for 

the next reporting period. If there do appear variances between the actual 

and the planned process, the next question is, if the variances we 

encounter on our project are acceptable. If they are, the status will be 
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analyzed again for the next reporting period. If the variances are not 

acceptable and it is determined that corrective actions are necessary, 

decisions must be made regarding how to revise the schedule, the budget 

or the measures against risks. If there appear variances between baseline 

and current risk analysis, these variances might be a consequence of 

budget changes or of schedule changes or the reason for variances 

results from unexpected occurrences. Once a decision is made on which 

corrective actions to take, they must be incorporated into the schedule, 

budget and risk analysis. (Gido & Clements, 2003, 200) 

 

The project controlling process continues throughout the project phase of 

the life cycle, presented earlier. In general, the shorter the reporting period 

is, the better chances are to identify the problems early and to take the 

effective corrective actions. If a project gets too far out of control, it may be 

difficult to achieve the project objective without sacrificing the scope, 

budget, schedule or quality. (Gido & Clements, 2003, 200) In a world 

where change is becoming increasingly important, tools if used properly 

can provide a useful way for organisations to manage that change 

effectively (Cicmil & Hodgson, 2006, 113). The most important project 

management tools are presented in paragraphs 2.2.2, 2.2.3 and 2.2.4.  
 

2.2.2 Schedule planning and controlling tools  
 
A major portion of the planning effort entails determining the relationship of 

different tasks to each other and then scheduling these tasks in such a 

way that the project is carried out efficiently and logically. A number of 

tools have been developed over the years that make this undertaking and 

controlling of it rather routine. (Frame, 2003, 172, 187) However, new and 

better control tools and techniques to cope with the complexities, masses 

of data and tight deadlines that are characteristic of highly competitive 

industries are continually sought (Kerzner, 2003, 449). In the next 

paragraphs, the most common schedule, network and cost planning and 

controlling tools and techniques, will be presented. The results of the 
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Project Management Institute’s survey, Project management research 

2004, and the results of White’s and Fortune’s empirical study about 

current practice in project management are presented from the viewpoint 

of many different tools presented in this work. 

 

The Project Management Institute, PMI, presented 2004 a large-scale 

survey on project management practices. The survey was sent to 753 

project management practitioners. The results of the survey showed the 

extent of tools and techniques used. The survey also investigated 

practitioner perceptions of the potential contribution of tools and 

techniques to the project success. This is, it examined which tools and 

techniques possess the greatest potential for improving performance 

through more extensive or better use. (Besner & Hobbs, 2006, 37) 

 

As learned earlier in this thesis, the first major step in the planning 

process, after the definition of project requirements, is the development of 

the Work Breakdown Structure, WBS (Kerzner, 2003, 396). This structure 

is a top-down view of the project, in which the work to be done is broken 

down into tasks or work packets that are organized into a logical pattern. 

(Elton & Roe, 1998, 154; Brandon, 1998, 2). This helps to ensure that all 

of the work elements needed to complete the project work scope are 

identified (Gido & Clements, 2003, 103). In the development of WBS it is 

important to have all essential information about the order from the 

customer. This includes for example the information, how fast the 

customer wants to have the product or service. (Milosevic, 2003, 153) 

WBS is an important planning tool, because it serves as the basis of the 

project schedule. Sometimes it is also useful to include cost estimates for 

each task to find out the cost for the total project. (Frame, 2003, 173) The 

practitioners who argue that WBS is static and does not display 

dependencies between its work elements, should keep in mind that it is 

the network schedule’s role, not the WBS, to show the dependencies 

(Milocevic, 2003, 163). The WBS is basic to the management of the 
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project. Estimates and risk assessments are based on the WBS. (Field & 

Keller, 1998, 93)  

 

According to PMI’s survey 2004, the WBS is included in both the list of the 

most often used tools and the list of the tools with the greatest potential to 

contribute to improved project performance. There are two potential 

explanations for this phenomenon of highly used tools having significant 

potential for increased contribution to performance. The unexploited 

potential may involve the possibility of increasing use or of better use. On 

the other hand one possible explanation is, that some tools are used often 

enough but not well enough. The WBS is also included in the list of the ten 

most valued tools in each project phase. (Besner & Hobbs, 2006, 41, 45) 

In contrast to PMI’s survey, only 32% of respondents of White’s and 

Fortune’s empirical survey answered that they make use of WBS as a 

support of project management. This survey was designed to capture the 

current practice in project management by sending a questionnaire to 995 

project managers. Respondents were asked among others to judge the 

effectiveness of many project management methods, tools and 

techniques. (White & Fortune, 2002, 8) 

 

In the following paragraphs, the most common schedule development 

tools are presented. These tools will help to successfully develop a 

calendar-based project schedule (Milosevic, 2003, 172). The Gantt chart, 

also called Bar chart, is one of the most convenient and most used tools of 

displaying a schedule of project activities. The chart is formatted as a two-

dimensional representation of the project schedule with activities shown in 

the rows and time shown across the horizontal axis. It can be used during 

planning, for resource scheduling and for status reporting, which describes 

where the project now stands. (Wysocki et al, 2000, 276) The Gantt chart 

has advantages, because it is visual, simple and useful to show both 

planned and actual status of the project and useful in resource planning or 

allocation. There are also some disadvantages of using it that may limit its 

relevance. In particular, the Gantt chart cannot cope effectively with 
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projects which contain large number of activities, measured in hundreds, 

for example. The Gantt chart does also not show dependencies between 

activities, making it impossible to clearly identify the sequence of project 

activities and, consequently, the critical path. (Milosevic, 2003, 176-177) 

Some project management software tools have an option to display these 

dependencies, but the result is a graphical report that is so cluttered with 

lines representing that the report is next to useless. In some cases 

dependencies can be guessed at form of the Gantt chart, but in most 

cases they are lost. (Wysocki et al, 2000, 276)  

 

In the PMI’s survey 2004, the variable was developed to measure the 

intrinsic value of tools. This variable was created by adding the present 

extent of use to the potential contribution to project performance of more 

or better use. This yielded a measure of the tool’s overall potential to 

contribute to project success or its intrinsic value. According to this listing 

of tools, the Gantt chart settled to the second group of super tools. These 

tools have very high scores of use, but they do not show high scores for 

potential improvement of project performance. (Besner & Hobbs, 2006, 

41-43) In case of Gantt chart, the results of PMI’s survey and White’s and 

Fortune’s survey support each other. Also the empirical survey of White 

and Fortune found out, that the Gantt chart is often used as a support of 

project management. 64% of respondents of their survey answered, that 

they make use of Gantt chart. (White & Fortune, 2002, 9) 

 

The Milestone chart is also a schedule development tool, such as the 

Gantt chart. Both of them serve a graphical reporting model of the project 

for project team and project management. Traditionally, the Milestone 

chart has been used to focus management on highly important events 

whether projects are large or small. (Milosevic, 2003, 181-182) Milestones 

are significant events in the life of the project that the project team wish to 

track. These significant events are zero-duration activities and merely 

represent that a certain condition exists in the project. The Milestone chart 

plots the difference between the planned and estimated date of a project 
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milestone at each project report period. (Wysocki et al, 2000, 278) The 

Milestone chart has the advantages, that it is visual, simple and useful as 

both planning and controlling tool. According to PMI’s survey 2004, similar 

to Gantt chart, also Milestone planning was grouped to super tools which 

have very high scores for use, but which do not show high scores for 

potential improvement of project performance (Besner & Hobbs, 2006, 

42). On the other hand, the Milestone chart has also the following 

disadvantages: it is difficult to understand how to reach a milestone, when 

used separately from a detailed schedule with activity dependencies and 

as the number of milestones grows, the chart loses its appeal. If it is 

overcrowded, it may become ineffective in managing the work, thereby 

defeating its own purpose. (Milosevic, 2003, 183) 

 

2.2.3 Network planning and analysis techniques  
 

Network analysis techniques are needed to take into account the 

interconnected nature of tasks. Those are techniques which are helpful in 

analyzing, planning, scheduling and controlling projects that consist of 

many interrelated activities. Two network analysis techniques, Program 

Evaluation and Review Technique, PERT, and the Critical Path Method, 

CPM, are based on flowcharts that look similar, but each has a different 

way of approaching schedule computations. (Frame, 2003, 178)   

 

PERT is an event-oriented network analysis technique used to estimate 

the project duration when there is a high degree of uncertainty with the 

individual activity duration estimates. CPM for one is a network analysis 

technique used to predict project duration by analyzing which sequence of 

activities, i.e. which path, has the least amount of scheduling flexibility. 

(Project Management Institute Standards Committee, 1996, 162, 167) 

Over the years, countless hours have been spent debating the merits of 

one approach over the other. Nowadays less and less distinction is being 

made between PERT and CPM and in fact, in scheduling software a 

generally accepted PERT/CPM hybrid has emerged that capitalizes on the 
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finest features of each approach. This hybrid approach has been given the 

name Precedence Diagramming Method, PDM. (Frame, 2003, 179) This is 

a method of constructing a project network diagram using nodes to 

represent the activities and connecting them with arrows that show the 

dependencies. This technique is also called activity-on-node and is the 

method used by most project management software packages. Project 

management software is a class of computer applications specifically 

designed to aid with planning and controlling project costs and schedules. 

(Project Management Institute Standards Committee, 1996, 63, 167)  

 

The results of White’s and Fortune’s empirical survey showed that most 

respondents used generally only a small number of methods, tools and 

techniques of project management. According to this survey, the most 

commonly used project management tool was project management 

software, which was used by 77 percent of project managers. However, 42 

percent of respondents said also that they had encountered limitations or 

drawbacks with the methods, tools and techniques they had used. Project 

management software was reported as the tool with the most limitations 

and was identified as being particularly unsuitable for use with complex 

projects. White and Fortune made also other interesting findings in their 

survey about network analysis techniques. The difference between the 

use of CPM and PERT is noteworthy. 30 percent of respondents of 

White’s and Fortune’s survey answered that they use CPM in project 

management and correspondingly only 10 percent of respondents make 

use of PERT as a support in project management. (White & Fortune, 

2002, 8) 

 

Diagramming techniques such as GERT, Graphical Evaluation and 

Review Technique, and System Dynamics models allow for non-

sequential activities such as loops or conditional branches. PDM, for one 

does not allow loops or conditional branches. (Project Management 

Institute Standards Committee, 1996, 63) According to White’s and 

Fortune’s empirical survey, however, only two percent of respondents 
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reported that they use GERT as a support in project management (White 

& Fortune, 2002, 8). 

 

There are lots of advantages in network analysis techniques. They form 

the basis for all planning and predicting and help management decide how 

to use its resources to achieve time and cost goals. They help 

management to evaluate alternatives by answering such questions as how 

time delays will influence the project completion, where slack exists 

between elements, and what elements are crucial to meet the completion 

date. The network analysis techniques provide a basis for obtaining facts 

for decision-making. They utilize a so-called time network analysis as the 

basic method to determine manpower, material and capital requirements 

as well as to provide a means for checking progress. The network analysis 

techniques provide the basic structure for reporting information, reveal 

interdependencies of activities, facilitate “what if”-exercises and identify 

the longest path or critical paths. The network analysis techniques also aid 

in scheduling risk analysis. (Kerzner, 2003, 450) 

 

Despite the many above-mentioned advantages of network analysis 

techniques, the delivery time of the project’s output and the project 

activities have been criticized. The network planning is said to be a 

method where the delivery time of the project’s output is based only on 

what suits the project and its activities. The needs of other interest groups 

are desired in network planning. The network planning is also criticized 

about its assumption that all activities are known at the start of the project. 

(Andersen, 2006, 26) 

 

2.2.4 Cost planning and controlling tools 
 
Because of the importance of budgeting, it is not surprising that many 

organizations focus much of their management attention on that area 

(Frame, 2003, 187). A budget is based upon an estimate of the income 

expected so that related expenses can be controlled and remain within a 
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pre-agreed limit or ceiling. (Angus et al., 2003, 192) In consequence of 

importance to keep expenses within their limits, we will focus on different 

cost planning and controlling tools in the next paragraphs.  

 

The Cost Planning Map, CPLM, is a tool for establishing a systematic 

approach to cost planning in projects. CPLM consists of the following main 

steps: define cost planning by understanding its perspective, select cost 

plan uses by determining for what purposes the cost plan is wanted to be 

used, identify scope of cost plan by determining the types of cost 

estimates and design the whole cost planning process. When such steps 

are seamlessly integrated, CPLM can help establish a culture of cost 

consciousness that is proactive as well. There are three cost plan uses 

available: to assess the capital cost, to establish a baseline and to 

evaluate risks and productivity.  (Milosevic, 2003, 226-230)  

 

The purpose of Activity-Based Costing, ABC, is to measure costs and 

therefore profitability based on the cost of time. This leads to accuracy in 

cost tracking as well as measuring resource capacity excesses and 

constraints. It also helps to decide what costs contribute to profitability. 

The costs of risk mitigation are attributed to appropriate project tasks and 

subtract from project margins. (Barkley, 2004, 54) As the name suggests, 

Cost-Benefit Analysis identifies, specifies and evaluates a proposal’s costs 

and benefits (Field & Keller, 1998, 417). It is a typical financial 

measurement tool, which is also used to measure organizational value. 

According to PMI’s survey, Cost-Benefit Analysis is a tool which is directly 

related to choosing the best project or finding the best solution to the 

project mission. (Besner & Hobbs, 2006, 38, 45) 37 percent of 

respondents of White’s and Fortune’s empirical survey answered that they 

make use of Cost-Benefit Analysis in project management (White & 

Fortune, 2002, 9). 

 

Cost-to-Complete calculation is a method offered for forecasting the final 

project cost. In Cost-to-Complete calculation the actual cost of work 
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performed is deducted from estimated cost at completion (Field & Keller, 

1998, 417). The other tool for forecasting the final project cost is Earned 

Value, EV, which is very similar to Cost-to-Complete calculation. Earned 

Value is an approach where the project plan, actual work and work-

completed value are monitored to see if a project is on track. EV indicates 

how much of the budget and time should have been spent with regards to 

the amount of work done to date. EV differs from the usual budget versus 

actual costs incurred model in that it requires the cost of work in progress 

to be quantified. This allows the project manager to compare how much 

work has been completed against how much he expected to be completed 

at a given point (Haughey, 2000, 1). EV is said to be a very powerful 

project management tool and when used effectively, it is probably the 

single best method for measuring and reporting true project performance 

and estimating time and cost to complete (Brandon, 1998, 2, 6). In spite of 

its power, EV is however one of the underused cost management tools 

available to project managers (Hyväri, 2007, 6). There appears to be 

several reasons for this. For example, commercial awareness of Earned 

Value is minimal and the data acquisition required for obtaining percent 

complete and actual cost numbers is too costly and time consuming. 

(Brandon, 1998, 4) According to PMI’s survey 2004, Earned Value is 

categorized as an underutilized tool as well. These underutilized tools 

show higher than average level of potential to contribute to improved 

project performance, but a lower than average level of use (Besner & 

Hobbs, 2006, 43). 

 

Economic Value Added, EVA, is used to control projects, such as variance 

reports represented in paragraph 2.1. EVA is a performance evaluation 

system which emphasizes “net operating profit after taxes less a charge 

for the capital employed to produce those profits”. In other words, EVA is 

the residual income left over from operating profits after the cost of capital 

has been subtracted. It makes the cost of capital explicit, and it attempts to 

make certain changes to the balance sheet to make the capital base more 

in harmony with a cash flow perspective on capital consumption. EVA is 
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said to be superior to accounting profits as a measure of value creation 

because it recognizes the cost of capital and, hence, the susceptibility to 

risk of the firm’s operations. (Mouritsen, 1998, 463) Regular project 

meetings between project managers, sales and distribution, controlling, 

design, production, purchase department, and top management are also 

used to control projects.  

 

Despite the increased sophistication of tools for project controlling and 

monitoring, researchers found out that only the most basic ones are 

actually used by practitioners and that even they are not always used as 

intended (Cicmil & Hodgson, 2006, 113).  

 

2.3 Project risk management 
 
Risk management is concerned with the outcome of future events, the 

exact outcome of which is unknown and with how to deal with these 

uncertainties (Conrow, 2000-2006). This is why risk management is 

essential for a wide variety of production and development projects, 

because certain information about key project schedule, cost and 

performance attributes are often unknown until late in the project (Royer, 

2000, 13). In general, outcomes are categorized as favourable or 

unfavourable and project risk management is the art and science of 

planning, assessing, identifying, analysing and monitoring future events to 

ensure favourable outcomes of projects (Conrow, 2000-2006). This is the 

reason, why successful project risk management, PRM, can greatly add to 

the probability of project success (Royer, 2000, 13). 

 
The discipline of risk management has made considerable progress in 

recent years. Project managers have become adept at quantifying and 

managing a wide range of project risks, such as financial, time and 

technological risks etc. They defend themselves against these risks 

through different kinds of project risk management tools. (Slywotzky & 

Drzik, 2005, 80) The most important tools of project risk management are 
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presented in paragraph 2.3.3. In the real world, there is nonetheless 

neither money nor time nor resources to deal with all risks. Therefore, 

management must choose which risks will have mitigation and 

contingency strategy plans developed and implemented for them. (Royer, 

2000, 8)  

 

In the next paragraphs, we will concentrate on different project risks typical 

in the plant and mechanical engineering industry and we will have a 

general review on project risk management processes, tools, discussion 

and trends of project risk management. The results of the Project 

Management Institute’s survey and the results of White’s and Fortune’s 

empirical study about current practice in project management are 

presented from the viewpoint of Cause-and-Effect diagram and Monte 

Carlo analysis. The results of the White’s and Fortune’s study and Raz’s 

and Michael’s empirical study are also presented from the viewpoint of risk 

management tools. 

 

2.3.1 Project risks 
 

There appears to be many kinds of risks which project management has to 

manage in order to reach the best performance of the project. These are 

for example risks related to scope of delivery and performance, time-

related risks, risks related to costs and proceeds, technical risks, legal 

risks, organisational risks and political risks. In the next paragraphs, we 

will focus on the three first mentioned risks above, which constitute the 

main risk areas related to the branch of plant and mechanical engineering. 
 

Regarding the performance, there exists a large risk that the client refuses 

the acceptance of the plant, if it does not correspond to its conceptions. 

Thus he can delay payments, amongst others. In addition, the risk that 

there are unconsidered clauses in the contracts which require cost-

intensive increased output exists. Especially, an unclear allocation of 

payments of damages and a missing documentation of relevant general 
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terms and conditions can lead to substantial costs. In order to avoid these 

risks related to scope of delivery and performance, the contracts must be 

unmistakably formulated. The project management may also encounter 

time-related risks, which arise when the project overruns its allocated 

duration. In many cases, a delay is connected with high conventional 

penalties, even if the mechanical and plant engineer is not responsible for 

this, for example delay due to weather. In order to limit these risks, 

contract clauses are suited, which take the mechanical and plant engineer 

among others without actual fault out of liability and limit consequential 

damages. (Schmelcher, 2000, 526, 534) 

 

In this paragraph, we will concentrate on risks related to costs and 

proceeds. Pricing risk is one of them. It is the exposure of earnings or net 

worth to changes in market factors which affect income, expense or 

balance sheet values. Particularly on the procurement side the mechanical 

and plant engineer is exposed to pricing risks in the course of the project, 

thus suspended possible price fluctuations of material of the suppliers as 

well as wage increases. In particular for projects the extremely complex 

construction of which takes several years, a precise forecast of all prices 

and thus costs is almost impossible. Currency risks are actual for the 

companies that conduct their projects abroad, if they do not rate they 

projects in euros or do not determine particular rates of exchange as a 

basis of contracts of their projects. The volatility in foreign exchange rates, 

which are used in projects, exposes the project to economic and 

accounting losses. (Schmelcher, 2000, 525, 531) Significant movements 

in interest rates for one expose the project to higher borrowing costs 

(Deloach, 2000, 254). However, in the machine and plant engineering 

industry fixed interest credits are often granted to the customer. 

(Anesorge, 1987, 23) 
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2.3.2 Project risk management processes  
 
Earlier we focused on project management processes and life cycle. We 

also touched the viewpoint of risks in them. We focused on the project 

controlling process too, in which we explained how risks are taken into 

consideration in the whole control process of the project. In this paragraph 

we will concentrate more precisely on formal risk management processes 

of projects, RMPs, which should be applied at all phases in the project life 

cycle.   

 

A number of variations of the project risk management process have been 

proposed. Fairley (1994, 57-60) defines seven steps: identify risk factors, 

assess risk probabilities and effects on the project, develop strategies to 

mitigate identified risks, monitor risk factors, create a contingency plan, 

manage the crisis and recover from the crisis. Smith and Merritt (2002, 9) 

for one sketch five basic steps of project risk management as follows: 

identify risks, analyze risks, prioritize and map risks, resolve risks and 

monitor risks. As noticed, there is a general agreement regarding what is 

included in the project risk management process, with the differences 

depending on variations in the level of detail and on the assignment of 

activities to steps and phases (Raz & Michael, 2001, 10).  

 

Now, we will concentrate more precisely on Chapman’s and Ward’s 

viewpoint of project risk management process (see figure 3 below), which 

is comprehensive (Chapman & Ward, 1997, 49).  
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Figure 3. Risk management process of projects (Chapman & Ward, 1997, 

48) 

 

In the first phase of the project risk management process, the relevant 

existing information about the project will be consolidated and the gaps 

discovered in the consolidation process will be filled. Because aspects of 

the project may not be clearly defined when RMP begins, and may take 

some time to be clearly defined, important aspects of the define phase 

may be ongoing. However, the initial concern of a risk management 

process should be making as much progress as possible with the define 

phase before moving on to later phases (Chapman & Ward, 1997, 52-53). 

The second phase is the focusing phase, the purpose of which is to scope 

and provide a strategic plan for RMP and to plan RMP at an operational 

level. Third phase is the identifying phase. During this phase all key risks 

and responses should be identified and both threats and opportunities 

must be classified, characterised, documented, verified and reported. 

(Ward, 1999, 38)  
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The structure phase is the fourth phase of the project risk management 

process. The purpose of the structure phase is to test simplifying 

assumptions and provide a more complex structure if necessary. After this 

phase every member of the project must have a clear understanding of the 

implications of any important simplifying assumptions about relationships 

between risks, responses and base plan activities. The fifth phase is the 

ownership phase with three purposes. Firstly, to distinguish the risks and 

associated responses that the client is prepared to own and manage from 

those the client wants other organisations to own or manage. Secondly, to 

allocate responsibility for managing risk and responses owned by the 

client to named individuals and finally to approve ownership or 

management allocations controlled by contractors and third parties. 

(Chapman & Ward, 1997, 56-57)  

 

The sixth phase of the project risk management process is the estimate 

phase, in which the uncertainty of selected risks is identified as well and 

estimates refined if appropriate. (Ward, 1999, 38) In the seventh, the 

evaluate phase, the relative magnitude of the various risks will be 

estimated. The purpose of this phase is synthesis and evaluation of the 

results of the estimate phase. The deliverables of this phase will depend 

upon the depth of the preceding phases achieved to this point, looping 

back to earlier phases before proceeding further being a key and frequent 

decision at this stage. (Chapman & Ward, 1997, 58-60) In the eighth, plan 

phase, the purpose is to produce a project base plan and associated risk 

management plans. (Ward, 1999, 38) The last, the manage phase, is 

ongoing once the project is implemented. It is concerned with monitoring 

actual progress of the project and the associated risk management plans, 

responding to any deviations from these plans, and developing more 

detailed plans for the immediate future. (Chapman & Ward, 1997, 61-62) 

 

Such frameworks as described above are helpful in identifying the steps 

comprising a formal treatment of project risks. However, ensuring that the 

whole process is effective in practice is another matter. If the full benefits 
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of risk management are to be achieved, a formal process needs to be 

designed with the operational context in mind, and it needs to be 

appropriately supported. (Ward, 1999, 37)  

 

2.3.3 Project risk management tools 
 
Numerous tools are available to support the various phases of the risk 

management process. In this paragraph, we will concentrate on the most 

useful risk management tools represented in literature, which are 

instrumental in identifying risks to the project, assessing their potential 

impact, and developing actions to mitigate them. These tools can be 

separated to qualitative, quantitative, and control groups. Qualitative tools 

identify, describe, assess and understand risks and quantitative tools for 

one model risk in order to quantify its combined effect on the project. 

Controlling tools of project risks respond to identified risk in order to 

minimise risk exposure. (The Association for Project Management, 1997, 

59)  
 

Several tools can be used when performing qualitative risk analysis to 

determine the probability and impact of the risks. Checklists and 

brainstorming are useful tools, for example in general project management 

and in project risk management. Each checklist comprises a series of 

specific questions to be considered and the answers are used as a basis 

for further evaluation of risks. (The Association for Project Management, 

1997, 59) Checklists are the most important orientation guide of risk 

identification in the branch of plant engineering (Abt, 1985, 337). 

Brainstorming is a widely-used method of problem-solving and idea 

generation, which can also be used for risk identification (The Association 

for Project Management, 1997, 60). The brainstorming is processed in a 

team and it involves redefining the problem, generating ideas, finding 

possible solutions, developing selected feasible solutions and conducting 

evaluation (Chapman, 2001, 157-158). The results of brainstorming can 

be used as a basis for preparing a checklist. Including checklists and 
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brainstorming, also interviews, historical data, Work Breakdown Structure 

and Delphi technique, which is quite similar to brainstorming, are 

categorized to be qualitative risk tools. (Heldman, 2005, 30) 

 

Quantitative risk tools involve the creation of a model which represents the 

project being examined. The model can then be modified to quantify the 

impacts on the project of specific risks identified via qualitative tools. It 

also represents the effect of general uncertainty. The model may be 

constructed, for example, based on a diagrammatic or a spreadsheet tool. 

Whichever modeling method is used, the model will include all those 

elements comprising the undertaking, such as tasks, costs, and resources 

et cetera, which are relevant to the risk analysis. Against these elements 

uncertain variables can be defined rather than deterministic fixed values in 

order to reflect areas of significant uncertainty. (The Association for Project 

Management, 1997, 61) The Cause-and-Effect diagram is a graphical tool. 

It establishes the relationship between an effect and the possible or actual 

causes of that effect, and this is very useful for analyzing risks or other 

problems of projects. (Field & Keller, 1998, 415) According to PMI’s survey 

2004 (presented first time in paragraph 2.2.2), the Cause-and-Effect 

diagram is categorized to “discredited tools”, which are rarely used and 

are perceived as having very little potential for improvement of project 

performance. (Besner & Hobbs, 2006, 43) Also ABC-analysis and Cost-

Benefit analysis, presented above, can be used to evaluate project risks. 

 
Simulation techniques help to quantify risks associated with the project as 

a whole. Monte Carlo analysis is the most common simulation technique 

and requires the use of a computer and software written for this purpose. It 

typically examines schedule and cost risks both individually and form the 

perspective of the whole project. This analysis is performed by plugging in 

schedule and cost variables for each of the work packages from the Work 

Breakdown Structure, WBS. Several variables may be used, including the 

pessimistic, most likely and optimistic values or the mean and standard 

deviations. Monte Carlo then simulates potential outcomes of the project 



 

 

37 

over and over using the range of variables. The outcome of this technique 

produces a reasonable range of schedule dates and costs for the project. 

It also shows at a glance which impact each of the variables has on the 

project as a whole. (Heldman, 2005, 141) Such as Cause-and-Effect 

diagram, Monte Carlo analysis is categorized as “discredited tools” in 

PMI’s survey 2004. It is rarely used and it has very little potential for 

improvement of project performance. (Besner & Hobbs, 2006, 43) In case 

of Monte Carlo analysis, the results of PMI’s survey 2004 and White’s and 

Fortune’s survey support each other. According to White’s and Fortune’s 

empirical study, only 4 percent of respondents, which are project 

managers, reported that they make use of Monte Carlo analysis as a 

support in project management (White & Fortune, 2002, 8). 

 
Once risks have been identified, their individual importance assessed and 

their combined effect on achievement of project objectives analyzed, it is 

necessary to decide how to respond appropriately. Risk control techniques 

are classified in four groups, aiming at avoiding uncertainty, transferring 

ownership, reducing exposure or absorbing residual risk. Risk avoidance 

techniques include avoiding the risk altogether by knowing the outcomes 

of the risk with relative certainty and taking steps to keep the risk event 

from occurring (Heldman, 2005, 154). By following risk avoidance 

techniques the uncertainty can be avoided: clarifying requirements and 

objectives, improving channels of communication, obtaining information 

from external sources, acquiring expertise, changing the direction or 

strategy for project implementation, reducing the scope of the project, 

adopting a familiar approach for implementation and using proven tools 

and techniques. (The Association for Project Management, 1997, 61)  

 

Unfortunately, all risks can not be avoided and therefore other risk control 

techniques are needed. Transference is a technique that transfers the risk 

and its consequences to a third party, outside the project. Methods for risk 

transfer include, among others, renegotiation of contract conditions to 

pass the risk back to the customer and subcontracting risks to suppliers 
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and financial instruments such as insurance, performance bonds and 

warranties. The majority of risk control activity is focused on strategies for 

reducing risk exposure. Risk reduction techniques pursue to reduce the 

probability of occurrence among others by targeting trigger conditions, by 

reducing the potential severity of impact and by tackling the common 

causes of risk. In consequence of the risks that can not be avoided, 

transferred or reduced, the following strategies among others are used to 

control them: routine risk monitoring and reporting, regular risk reviews as 

well as efficient infrastructure support for the risk process and continued 

commitment to proactive risk management. (The Association for Project 

Management, 1997, 63) 

 

According to White’s and Fortune’s survey, 65 percent of respondents did 

not use any risk management tools in project management. The reason 

why only a small number of project managers use risk management tools, 

might be because only a few of the tools provide significant support for the 

management of risk. (White & Fortune, 2002, 9) According to Raz’s and 

Michael’s study, especially risk control tools are used sporadically or not at 

all and their contribution is rated as low. They estimated that there are two 

explanations for this finding. The other one agrees with White and Fortune 

by stating that there are no effective tools for risk control, and the other 

explanation is related to management culture. Authors state that project 

managers might be willing to invest time and effort in the earlier phases of 

risk management which are carried out in conjunction with other project 

planning activities. However, during the execution of the project they 

become busier and are subject to mounting resource and time pressures 

and are likely to neglect the risk control phase. This study was based on a 

questionnaire administered to a sample of project managers from the 

software and high-tech industries. The authors used among others 

following risk control tools in their questionnaire: analysis of trends, 

deviations and exceptions, project re-planning, Cost-Benefit analysis and 

Cause-and-Effect analysis during risk control. (Raz & Michael, 2001, 11) 
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2.3.4 Discussion and trends of project risk management 
 
The twentieth century emphasized the role of risk management, such as 

finding ways to eliminate unnecessary risk, control unavoidable risk and 

calculate risk ratios (Norhia & Stewart, 2006, 39) Risk management is 

practiced formally particularly in the defence industry. The construction 

industry has also been for many years a major user of risk management, 

because of the size of the projects undertaken. Nowadays, the need for 

project risk management has been widely recognized also in many other 

branches. This is the case particularly for major projects. (Williams, 1995, 

20) The focus of project risk management has turned from quantitative 

methods to the development of the risk management processes and 

understanding in different project phases, and to the organization of risk 

management. (Hyväri, 2006, 32) The management of risk in projects has 

become one of the main topics of interest for researchers and practitioners 

working in the area of project management (Raz & Michael, 2001, 9). In 

the next paragraphs, we will focus on different viewpoints and trends of 

project risk management, defined by specialists. 

 

Williams (1997, 220) states, that trends in the nature of projects imply that 

project elements and project risks are becoming increasingly 

interdependent. Time-constraints on projects are becoming tighter and 

time-based liquidated damages heavier, exacerbating the effect of 

increasing intra-project complexity. This means that the simple 

decomposition methods, such as Work Breakdown Structure, PERT et 

cetera used for planning, analysis, management and control of projects 

are insufficient: a holistic view must be taken and methods used which are 

able to treat projects systemically, such as post-mortem analysis of 

project. The effects of decisions taken by individual project cells do not 

add incrementally, so an overall view must be taken before an assessment 

can be made of their effects on the overall project. This would imply the 

need for more centralized project- and project risk management systems, 

since individual project cells understand less well the project-wide 
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implications of their decisions and thus can take a fully informed decision 

less often.  

 

Chapman (2001, 147) has studied the literature of project risk 

management and states, that it implies that there has been a tendency for 

the approach to project risk management to be overly prescriptive and 

mechanistic. He emphasizes the role of the most crucial areas of the 

overall project risk management process, identification and evaluation 

instead of undue emphasis on the techniques and methods of the process.  

 

Ward and Chapman (2003, 97, 104, 105) also concentrate on project risk 

management processes in their article by arguing that all current project 

risk management processes induce a restricted focus on the management 

of project uncertainty. In part this is because the term risk encourages a 

threat perspective. In part this is because the term risk has become 

associated with events rather than more general sources of significant 

uncertainty. The authors argue that a focus on uncertainty rather than risk 

could enhance project risk management. It would help to shift project risk 

management processes from a threat focus towards a greater concern 

with understanding and managing all sources of project uncertainty. The 

need to explore and understand uncertainty is greatest in the earliest 

stages of the project life cycle, during conception, when uncertainty is at 

its greatest. Miller and Lessard (2001, 442) also emphasize the role of 

uncertainty by stating, that uncertainty can actually increase the value of a 

project, as long as flexibility is preserved and resources are not irreversibly 

committed. Comprehensive project uncertainty management should 

operate as an important extension of conventional project development, 

with the potential to influence project design and base plans on a routine 

basis. Chapman and Ward (2000, 382) have also written other articles 

about uncertainty in which they hope to generate a dialogue about 

developing “uncertainty management” paradigm and to expose the 

philosophy behind it to constructive criticism. In spite of the grand focus on 

project risk management processes, Chapman (1997, 280) reminds that 
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those processes can sometimes be concerned with very complex issues. 

Especially in that case it is very important to absorb “keep it simple” as a 

guiding principle for processes, adding complication only when benefit 

from doing so is perceived.  

 

In conclusion, project elements and project risks are becoming more and 

more dependent on each others. Nowadays, the risk management 

processes, different project phases and the organizing of risk 

management are in the focus of project risk management instead of 

quantitative methods. On the whole, separate quantitative and qualitative 

tools and methods are thought to be insufficient and the role of methods 

which are able to treat projects systemically, such as post-mortem 

analysis, is emphasized. A holistic view should be taken on project risk 

management. This implies a need for more centralized project and project 

risk management systems, which would facilitate the assessment of 

effects of decision-making to the whole project. Project risk management 

processes are also highlighted. All current project risk management 

processes are said to induce a restricted focus on the management of 

project uncertainty, but if the project risk management processes would 

focus on uncertainty rather than risk, it could enhance project risk 

management. In spite of significant focus on project risk management 

processes, it is important to keep them as simple as possible.  

 

Several things change along the globalisation, among them the business 

risk profile. The integration and interdependence in the economic, social, 

technological, cultural, political and ecological spheres induce new kinds 

of risks which have an influence on business in general, just as on 

separate projects. This is the reason, why we can assume that the role of 

project risk management becomes increasingly important and extends to 

new fields of business in future. New types of risks might force also the 

smaller projects in volume to focus more and more on their project risk 

management.  
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3 EARLIER RESEARCH ON SUCCESS AND 
FAILURE FACTORS OF PROJECTS 
 
Experience has shown that the active and adequate use of project 

management, project controlling and project risk management processes 

and activities does have a positive impact on project success. However if 

there exist shortfalls in the above-mentioned processes and activities, 

such as unmanaged and unmitigated significant risks, project can easily 

fail. These kinds of different factors, which influence on the outcome of 

project, are the reason why we will concentrate more precisely on earlier 

research of success and failure factors of projects and explain them in the 

next paragraphs of this thesis.  
 

Before taking a closer look at above-mentioned themes, it is essential to 

focus on the definition of successful and unsuccessful projects. Hyväri 

(2007, 4) defines that a project is successful, when the objectives of the 

project have been achieved to the full satisfaction of the users, all closeout 

activities have been completed and all designated stakeholders, including 

the project’s initiator or customer, officially accepts the project results or 

products and closes the project. Hyväri’s definition of successful project 

could be interpreted also the other way around that a project might be 

unsuccessful or might fail totally, when it does not complete all above-

mentioned conditions.  

 

However, as Belassi and Tukel (1996, 141-142) state, the definitions of 

project success and failure are actually problematic, despite numerous 

definitions of them presented in literature. This is because there can be 

ambiguity in determining whether a project is a success or a failure. The 

first main reason for this is that it is still not clear how to measure project 

success because the parties who are involved in projects define project 

success or failure differently. The second reason is that lists of success or 

failure factors vary in different studies in literature. Although several lists of 

factors are generated, they seem to tabulate individual factors rather than 
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grouping them according to some criteria, to help analyze the interaction 

between them and the possible consequences. Many of these factors do 

not, in practice, directly affect project success or failure. Usually a 

combination of many factors results in project success or failure. In next 

paragraphs, we will concentrate more precisely on explaining the success 

and failure factors of projects through the discussion of experts. 

 

3.1 Explaining success and failure of projects  
 
Over the last 30 years, several noteworthy studies have identified project 

success and failure factors. Cooke-Davis (2004, 105-109) summarized 

success factors and proposed a distinction among three levels of project 

success. Doing projects right, doing the right projects and doing the right 

projects right, time after time. Most of the literature focuses on doing 

projects right, which concentrates on managing time, cost and quality. 

However, this is not enough anymore. Also other factors, which seem to 

correlate to success should be defined, although it is not always easy. In 

the vast majority of failed projects it is also hard to ascertain the real 

causes of failure. Pinto and Kharbanda (1996, 46) explain, that this is 

because project teams rather forget and push aside failures committed by 

them than try to learn from those. This is indeed a pity, particularly in light 

of the fact that these causes eventually do surface, despite many 

companies´ systematic damage control procedures. Therefore the lesson 

should be learned that where there is failure, there is the potential for 

learning.  

 

3.1.1 Success factors of projects 
 

Projects are often rated successful because they have come in on or near 

the budget and the schedule and achieved an acceptable level of 

performance. These characteristics may be used, because they are the 

easiest to measure. These internal measures of efficiency are partial and 
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sometimes misleading. They disregard incidents where a project was run 

efficiently, but eventually did not meet customer expectations. These 

reasons motivated several researchers to add a new element to the notion 

of project success, the satisfaction and welfare of the customer. (Shenhar 

& Levy, 1997, 6) Dvir et al. (1998, 918) also states that according to one 

earlier research of Pinto and Slevin, the most important success factors 

are those related to satisfying the client’s needs. In the latter article from 

Dvir et al. (2003, 95), this statement is supported by saying that the most 

important dimensions of project success is the end-user benefit.  

 

In addition to above-mentioned factors, there are also many others, which 

have an influence on project success. Pollack (2007, 270) states that 

understanding the differences between hard and soft project management 

can influence the project success. Crawford and Pollack (2004, 645) 

categorize soft issues as the key success factors in projects. These are, 

for example, community perception, safety, legal acceptability and 

environmental impacts. Williams (1995, 24) states that especially the 

identification and assessment of environmental uncertainty is critical to 

project success. This has also a significant effect on the decision-making 

process. Clarke (1999, 140) identified four critical success factors in her 

study, which investigated change projects. These are communication 

throughout the project, clear objectives and scope, breaking large projects 

down into work packages and using project plans as working documents, 

which means that project plans need to be updated regularly. In addition to 

Clarke, also Pollack (2007, 269) emphasizes the significance of clear 

objective as a project success factor. Pollack states that goal clarity has 

widely been associated with project success. The level of goal definition, 

how well goals are understood, the efficiency of project planning and 

achievement of an early and explicit agreement as to how goals will be 

measured are also traditionally considered to be key project success 

factors.  
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In spite of different success factors, they do not create a project success 

alone. This is why Belassi and Tukel (1996, 143) created a new framework 

for determining critical success and failure factors in projects to help 

project managers understand intra-relationships between factors in 

different groups. As can be seen from figure 4, the authors grouped 

factors into four groups, which offer a comprehensive set in which any 

factor listed in literature should belong to at least one group. These groups 

are factors related to project, project manager and team members, 

organization and external environment. Groups are interrelated. A factor in 

one group can influence a factor in another group and a combination of 

several factors from various groups might lead either to project success or 

failure. One of the advantages of grouping the factors is that although it 

might be difficult to identify the success factors specific to certain 

industries or organizations, it might be easier to identify whether the 

success or failure is related to project manager, to project and or to 

external factors.  
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Figure 4. Critical success and failure factors in projects (Belassi & Tukel, 

1996, 146) 

 

Project characteristics, such as size and value, have long been overlooked 

in literature as being critical success factors, whereas they constitute one 

of the essential dimensions of project performance. For example, the 

uniqueness of project activities can affect the project manager’s 

performance on the job. The more standard activities a project has, the 

easier it is for project managers to plan, schedule and monitor their 

projects. There are also many factors related to the skills and 

characteristics of project managers and team members, which are 

proposed for the successful completion of projects, such as commitment, 

competence and communication skills. Pender (2001, 84) also states in 

his article about the communication skills that they are placed at the top or 

near the top of the skills required by successful project managers. The 
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above-mentioned factors not only affect project performance, but they also 

have an impact on client satisfaction and project acceptance. Well 

established communication channels between project manager, 

organization and client are necessary for acceptance of the project 

outcome by client. (Belassi & Tukel, 1996, 144) 

 

In figure 4 can be seen that top management support is placed in the 

“Factors related to the organization”- group. It is one of the most critical 

factors for the successful completion of projects. Usually the support is 

strongest if there is a project champion from the top management. He 

helps project managers understand and achieve the project objectives 

which are specified by the client or top management. Shenhar and Dvir 

(1996, 608) also categorized top management support, among others, to 

the universal set of critical success factors for management of projects. 

The last group consists of factors which are external to the organization, 

but still have an impact on project success or failure. Most of these 

environmental factors, such as political, economical or technical issues, 

are researched to affect projects during the planning stage of a project’s 

life cycle. Yet some of the factors affect a project at all phases of the life 

cycle, such as social environment. Any factor related to external 

environment might influence, for example, the availability of resources and 

thus project manager’s performance on the job. In conclusion, the factors 

in each group can be considered to be input-related factors affecting 

project implementation. They often do not directly affect project outcome. 

This is why without a set of possible system responses, given in the 

proposed framework, the grouping of critical factors would not be sufficient 

to show how projects succeed or fail. Belassi’s and Tukel’s empirical study 

based on the above-explained framework proved its functionality, but also 

suggested that possible changes in business environment can change the 

criticality of the factors mentioned in the framework. (Belassi & Tukel, 

1996, 145, 149-150) 
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3.1.2 Failure factors of projects 
 
The attempt to gain a more complete understanding of the causes of 

project failure has been a difficult task for both academic researchers and 

practitioners. This is because the concept of project failure is nebulous 

and the second difficulty is that much of the research on project failure has 

been anecdotally-based. Pinto and Mantel (1990, 274) reported the results 

of an empirical study, which implies that the causes of project failure are 

strongly contingent on how the organization defines and measures the 

success of that project. The findings also show that the factors that are 

predictive of project failure vary widely depending upon the type of project 

being studied and the stage of the project’s life cycle at the time the factor 

is assessed. This means that the factors of project failure are dependent 

on above-mentioned criteria and can not be easily generalized to a larger 

project population. 

 
In spite of their inability to directly generalize failure factors of projects, 

Pinto and Kharbanda have created a model, which describes how failures 

of projects do generally occur in practice. Figure 5 below presents this 

model. One of the best ways to consign a project to almost certain failure 

is to manage it without regard of the organization’s external environment, 

including those project stakeholders who can play such an important part 

in its success or failure. The second approach to reach a project’s failure 

is to push a new technology to market too quickly. This is dangerous 

because new technologies imply new and unknown risks. The third way to 

project failure is unwillingness to build in fallback options. Almost all 

projects run into trouble at one time or another, the question is only to 

what degree the problems will occur. In fact, a large-scale study of project 

failure found out that the number one cause of failure was the lack of 

adequate troubleshooting. (Pinto & Kharbanda, 1996, 47-48) Pinto and 

Mantel support this by presenting troubleshooting as a critical factor to the 

successful implementation of projects. Troubleshooting was also found to 

be generalizable to a wide variety of project types and organizations. 

(Pinto & Mantel, 1990, 270) 
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Figure 5. Ways, the failures of projects generally occur in practice (Pinto & 

Kharbanda, 1996, 46) 

 

The fourth way to run a project to failure is that, when problems occur, 

shoot the one most visible. Problems with projects, particularly on a large 

scale, tend to induce an element of panic from top management. Often 

such panic leads to foreseeable and regrettable outcomes, the sanctioning 

of key personnel. The blame game involves a counterproductive, vicious 

cycle and ultimately does little to solve the problems that brought the 

project to its current state. The fifth approach to ensure a project’s failure 

is to let new ideas starve to death from inertia. This is to allow new 

products to remain in a holding pattern indefinitely. The main reasons for 

this are organizational inertia, bureaucracy and unwillingness to take a 

risk. There is also another case of organizational bureaucracy. This occurs 

when large organizations overmanage project managers and teams, so 

that the sheer size and inertia of the organisation make it virtually 

impossible for project managers and teams to react quickly to exploit 

commercial opportunities. The seventh way to ensure a project’s failure is 

to not devote sufficient time to understanding the project’s risk analysis, 

cost analysis, time frame to completion, and other relevant information 

before funding is approved. The eighth approach to ensure a project’s 

failure is never to admit a project is a failure. This is why it would be very 

important for project management to learn to recognize the circumstances 
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when, due to impending or inevitable failure, it is no longer reasonable to 

continue projects. (Pinto & Kharbanda, 1996, 48-51) 

 

Reviewing projects is essential if a business is to learn how to better 

conduct projects in future (Robertson & Williams, 2006, 69). Never to 

conduct post-failure reviews of a project is the ninth way to induce a 

project’s failure. If we do not understand the implications of crashing a 

project and if we have not taken the time to consider the budget impact of 

different decisions, we are not making decisions on the basis of rational 

insight, and the tenth way to project failure is ensured. The eleventh way 

to project failure is to allow political expediency and infighting to dictate 

crucial project decisions. Unfortunately, in the politicized environment of 

most firms, numbers of potentially momentous decisions are motivated far 

more by personal agendas than by a desire to satisfy overall corporate 

needs. The last way to project failure is to make sure that the project is run 

by a weak leader. In the absence of a strong leader to keep the project 

team operating on track, most projects begin to experience the vacuum of 

indecision, orders given and rescinded and a general sense of 

aimlessness. (Pinto & Kharbanda, 1996, 51-52)  

 

In conclusion, project failure must be assessed based on several criteria, 

not on one measure. The factors which cause a project failure vary in 

terms of success definition of the project, the type of project being studied 

and the stage of the project’s life cycle at the time the factor is assessed. 

Because of this and other categorizations the factors of project failure can 

not be easily generalized to a larger project population. What constitutes 

project failure for one organization may be viewed as success in another. 

Despite several practical tips how to recognize the factors which lead to 

project failure, there is a need for more advanced and extensive 

researches about the critical factors associated with failures. It would be 

noteworthy to find out new failure factors of projects by trying to specify 

more precisely how project managers define failure, what the factors from 

their view are that usually lead to project failure and whether 
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dependencies exist between those factors. It is also important to find out 

how the parent organization defines and approaches project failure, the 

individual failure factors and their dependency. We can assume that these 

kinds of expert interviews play a key role in future in the research field of 

project failure factors and project success factors alike.  
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4 EMPIRICAL SURVEY 
 
In chapter four, the empirical part of this thesis work is presented. This 

chapter generally describes the German machine and plant engineering 

industry and the partner in cooperation, VDMA, with whom the material for 

the empirical part was obtained by means of a questionnaire. This 

questionnaire was sent to 150 German machine and plant engineering 

companies. This chapter also describes the above-mentioned company 

sample and the respondents that participated in this survey. After handling 

the general information of the survey, it focuses on the empirical findings 

in the field of project controlling, risk management and the disruptions of 

the customer order projects 
 

4.1 General information of the survey 

4.1.1 German machine and plant engineering industry 
 
German machine and plant manufacturing with its 6.000 companies and 

more than 870.000 employees is the biggest industry of Germany. 

Medium-sized companies are typical for machine and plant engineering 

and many of them are world market leaders in their special fields of 

expertise. (Krebs, 2007, 1) The machine and plant engineering companies 

which participated in this empirical study also support this company size 

observation by dividing into following groups of size: As can be seen from 

figure 6 below, 52 percent of the companies of this survey are medium-

size companies, which have between 101 and 1.000 employees. 18 

percent have up to 100 employees and 30 percent of the companies are 

classified as large-sized companies with over 1.000 employees. 
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Figure 6. The number of employees in German machine and plant 

engineering companies  

 

The German business of machine and plant engineering is export-

oriented. 77 % of machinery turnover is earned with sales to foreign 

customers. The machinery trade surplus, exports minus imports, 

amounted to 79 billion euros in 2006. As the German machine and plant 

engineering holds a share of almost 19 % in global machinery and plant 

trade, it is the leading supplier of machines and plants worldwide ahead of 

USA and Japan. A growing globalisation of the industry also becomes  

manifest in an increasing stock to foreign direct investment by the German 

machinery manufacturers as well as direct investment inflows from abroad 

in the German machine and plant engineering industry. (Krebs, 2007, 2) 

 

German machine and plant engineering is also notorious for applying the 

most recent technologies. In 2005 almost third of machine and plant 

engineering turnover has been earned with new or significantly improved 

products. Two out of three of the machine and plant engineering 

enterprises have introduced at least one new or significantly improved 

product or process in the years 2003 to 2005. (Krebs, 2007, 3) German 

machine and plant engineering industry can maintain its international 

competitive position only as long as it is innovative and able to rise to the 

challenge of developing and increasingly complex technology.  

 

18%

30%

52%

Up to 100 employees Up to 1000 employees
Over 1000 employees



 

 

54 

4.1.2 The German engineering federation  
 
The German Engineering Federation, “Verband deutscher Maschinen- und 

Anlagenbau”, abbreviated to VDMA in Germany, is the partner in 

cooperation of this survey. The VDMA is one of the key association 

service providers in Europe. It represents 3.000 mainly small and medium- 

sized member companies in the engineering industry, which makes it one 

of the largest network offers of the engineering industry in Europe. The 

VDMA covers the entire process chain, everything from components and 

plant manufacturers, system suppliers and system integrators to service 

providers. It reflects the varied customer-supplier relations all along the 

value chain, permitting both industry-specific and intra-industry 

cooperation. It brings together the managers, the department heads and 

specialists from the engineering industry. The VDMA offers services in 

many areas, such as market, statistics, economy, foreign business and 

exports, law, taxes, wages, management and information systems, e-

business, research, education and technology. (Heger, 2007, 1) The 

questionnaire of this survey is worked out and sent to the companies in 

cooperation with VDMA. More than half of the companies to which the 

questionnaire was sent are members of VDMA.   

 

4.1.3 Questionnaire design  
 
In order to capture the role of project controlling and project risk 

management in the German machine and plant engineering industry, a 

questionnaire was designed that would: 

 

• identify the current performance and progress of projects in the 

German machine and plant engineering industry;  

• identify the current use of the methods and tools of project 

controlling and project risk management in order to avoid 

disruptions in their projects; 
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• identify the main reasons for different disruptions and failures of 

projects. 

 

In addition to a general information section the questionnaire 

encompasses four main sections, which are project controlling, project risk 

management, claims management and the disruptions of the customer 

order projects. As the questionnaire is created for wider usage and not 

only for this master thesis work, it includes the claims management 

section, which is not handled in this empirical survey. The findings of 

general information section and the three other before-mentioned main 

sections are presented in this empirical chapter.  

 

After several revisions, the questionnaire was sent to some long-time 

customers of Ernst & Young operating in the field of machine and plant 

engineering industry. They gave their expert opinions about the 

questionnaire. That way, it got its finishing touch. The revised 

questionnaire comprises 31 questions with a mixture of yes/no, scale and 

multiple choice questions. The alternatives of all scale questions are 

“never, seldom, often and always”. The structure of multiple choice 

questions consists either only of head-questions or head- and sub-

questions. Leaving out claims management section, this thesis comprises 

22 questions. All the questions were clearly formulated and no 

misunderstandings were possible. Altogether 150 questionnaires were 

sent out and the final response rate of the survey is 22 %. The 

questionnaire can be found in the appendix 1. 

 

4.1.4 Company sample, role of respondents and customer order 
projects  
 
As can be noticed from figure 7, most of the companies that participated in 

this survey, 52 percent, are not listed themselves nor their parent 

companies on the stock exchange. In 21 percent of the companies, both 

the company itself and its parent company are listed on the stock 
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exchange. 27 percent of the companies are not listed on the stock 

exchange, but their parent companies are.  

 

 

 
 
 
 
 

 
 

Figure 7. Listing on the stock exchange 

 

The questionnaires were addressed to the persons who are responsible 

for project controlling and project risk management in the companies. As 

expected and as can be seen from figure 8, 42 percent of respondents are 

controllers, mainly because of project controlling as another field of 

responsibility. Even more 43 percent of respondents, who are responsible 

for project controlling and project risk management, are chief executive 

officers, chief financial officers or chief operating officers. Only in 9 percent 

of the companies, the project manager is responsible for project controlling 

and project risk management. One rational reason for this result is that 

many customer order projects are performed without separate project 

managers and because of that the other managers, who usually have also 

other tasks to manage, are responsible for the project performance as 

well. The remaining 6 percent of companies named their sales department 

as responsible for project controlling and project risk management.  
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 Figure 8. Occupation of   Figure 9. The average volume 

 respondents    of customer order project 

 

To get the picture of customer order projects in the branch of machine and 

plant engineering industry, the companies were asked to define the 

amount and volume of customer order projects. On average 25 projects 

with an order volume of more than 1.5 million euros are concluded within 

one year among the companies participated this survey. According to 

figure 9, one third of companies reported the average volume of customer 

order projects to be lower than 5 million euros. In most of the companies, 

52 percent, the average volume of projects is reported to be between 5 

million and 25 million euros. Only in 12 percent of the companies the 

average volume of projects was higher than 25 million euros.  

  

In the general information section the companies were also asked to 

define the amount of successful and failed customer orders. As can be 

noticed from figure 10, the companies reported that at average more than 

two thirds of their customer order projects were completed as planned in 

terms of schedule and cost and proceeds. On average 22 percent of 

customer order projects for one were not completed within the planned 

timeframe. As can be found from figure 11, most of the companies 

however reported that on average 27 percent of these customer orders 

had only little delays, shorter than one month. Some companies for one 

informed, that 18 percent of their orders had delays between one to three 

months. On average only six percent of customer order projects had 
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longer delays which were between six and twelve or more than twelve 

months.  

 

 

Figure 10. The performance of customer order projects 

 

 

Figure 11. The share of delays in customer order projects 

 

According to figure 10, companies reported that on average almost fifth of 

their customer order projects exceeded the planned cost volume. 

However, as can be noticed from figure 12, in 21 percent of customer 

order projects the planned cost volume was exceeded only by one to five 

percent. 17 percent of customer orders for one were reported to have cost 

volume exceeding between five to ten percent. Only two percent of 
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customer order projects overran the planned cost volume by more than 50 

percent. As can be noticed from figure 10, only three percent of customer 

order projects did not reach the originally agreed scope of delivery and 

performance, this means for example that the customer order projects did 

not reach the required functionality.  

 

 

Figure 12. The share of cost volume exceeding in customer order projects 

 

If customer order projects were not completed as expected, the 

companies were asked to define where the reasons for the disruptions of 

orders could mainly be found. As can be seen from figure 13, the 

companies reported that in an average 28 percent of customer order 

projects the reasons for disruptions could mainly be found within the own 

company. These might be, for example, personnel-related reasons or 

reasons related to project controlling. These disruptions are quite easily 

repairable compared to other disruptions, because the company can 

eliminate them by improving its own operations, which are not dependent 

on other project participants. On average in one fourth of customer order 

projects the reasons for the disruptions could mainly be found in the 

customer area, since deadlines, number of units or the agreed scope of 

delivery and performance had been modified on request of the customer. 

On average in one fifth of projects the reasons for disruptions could also 

be found in the customer area, but this was in cases when the customer 

did not fully or timely fulfil certain prerequisites in the course of project. 
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These might be for example delayed delivery of test units. Companies 

reported that in case of an average 19 percent of orders the own suppliers 

were the reasons for the disruptions. On average, in case of 5 percent for 

one, the reasons for the disruptions could be found somewhere else. The 

disruptions of the customer order projects in German machine and plant 

engineering industry are more precisely explained later in chapter 4.4.  

 

Figure 13. If orders are not completed as expected, the reasons for the 

disruptions can mainly be found…    

 

4.2 Findings with regard to project controlling 
 

4.2.1 Project planning and controlling 
 
As stated earlier, the only reason for doing a project plan is to achieve 

control of the project. This is the reason why companies were asked first if 

they carried out a detailed project planning for each customer order. 73 

percent of the companies answered positively, but almost fifth of the 

companies reported that they still do not conduct project planning. This 

result can be noticed from figure 14. The companies were also asked if 

they conduct a separate project controlling for each customer order. 85 
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percent of companies agreed, but 15 percent of companies replied that 

they do not carry out project controlling separately. This can be found from 

figure 15. 

 
Figure 14. The share of detailed   Figure 15. The share of separate 

project planning in customer order project controlling in customer 

projects     order projects 

 

Even though almost one fifth of the companies do not carry out project 

planning, nine percent of them reported that they do perform a separate 

project controlling for each customer order. This can be found from figure 
16. On the contrary, three percent of companies that do not conduct a 

separate controlling reported that they do conduct project planning for 

each order. In general, 70 percent of companies reported that they 

execute both project planning and project controlling and 9 percent 

informed that they conduct neither planning nor controlling.  

 

 

 

 

 

 

 

 

 

 

Figure 16. The usage of detailed project planning and separate project 

controlling in customer order projects 
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As we examine more precisely the companies in terms of project planning 

and controlling it can be noticed that 86 percent of companies, that are or 

the parent companies of which are listed on the stock exchange reported 

that they do conduct a detailed project planning for each customer order. 

However, all of these companies in question stated that they do conduct a 

separate project controlling for each customer order. These distributions 

can be found from figures 17 and 18 below. Companies that are not and 

the parent companies of which are neither listed on the stock exchange, 

as most of the companies participating in this survey, reported that they do 

conduct more project controlling for each customer order than project 

planning. In addition, if this subject is studied from the viewpoint of 

company size, except for large-size companies, separate project 

controlling seems to be carried out in a greater number of companies than 

detailed project planning. 90 percent of large-size companies reported that 

they do carry out planning as much as controlling. 

 

Figure 17. The usage of detailed project planning in customer orders in 

terms of companies´ listing on the stock exchange 
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Figure 18. The usage of separate project controlling in customer orders in  

terms of companies´ listing on the stock exchange  

 

These results indicate that there is room for improvement on one hand in 

project planning and on the other hand in project controlling among 

German machine and plant engineering companies. The explanation why 

there are still 30 percent of machine and plant engineering companies that 

do not perform either project planning or controlling might be that they do 

not have noticed the important connection between planning and 

controlling and especially their positive collective influence on project 

performance. We can assume that by starting to conduct both, planning 

and controlling, the companies could improve their project performance 

noticeably. This would influence even more in case of those nine percent 

of German machine and plant engineering companies that perform neither 

project planning nor controlling. Furthermore, nine percent of companies 

answered that they either conduct or do not conduct project controlling, 

but did not comment on project planning. The explanation for the 

predominance of project controlling against project planning among 

German machine and plant engineering companies seems to be that they 

simply consider controlling to be more important than planning. On the 

other hand, companies might not regard them as two different areas, but 

only think that planning is a part of controlling. We can, however, assume 

that sometimes the explanation for the absence of planning is the lack of 

time. In some cases it is important to be the first offer on the market and in 

this rush the planning tends to be forgettable.  
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The companies who do perform project planning were also asked which 

measures they use in planning and how often the measures and tools are 

used. As can be noticed from figure 19, more than half of the companies 

stated that they use always Work Breakdown Structure in project planning. 

45 percent of the companies reported that they use always milestones and 

39 percent of the companies stated that they make always use of Gantt 

chart as a planning tool. The results of this study correspond with results 

of the earlier studies in which the researchers found out that only the 

simplest and often the most well-known tools are used in practising project 

management.  

 

 

Figure 19. Measures taken for project planning 

 

4.2.2 Organization structure, project controlling staff and wage 
structure 

 
In order to get a comprehensive understanding of activities of project 

controlling companies were asked questions regarding their organizational 

structure, project controlling staff and their wage structure. As can be 

noticed from figure 20, almost half of the companies answered that their 

project controlling was assigned to the controlling department and in 39 
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percent of the companies project controlling was assigned to the project 

management department. This division of the departments was impending 

as project controlling can usually be seen as a special function in the 

general controlling of companies, and on the other hand as project 

controlling is one part of the project management processes. Three 

percent of the companies assigned project controlling to their sales and 

distribution department. 

 

 
Figure 20. Project controlling is  Figure 21.Qualifications of project 

assigned to…    controlling staff 

 

Regarding project controlling staff, more than half of the companies 

reported that their staff has both commercial and technical qualifications. 

As can be found from figure 21, in 36 percent of the companies the project 

controlling staff has mainly commercial qualifications. Predictably, only in 

few companies the project controlling staff has mainly technical 

qualifications. These few German mechanical and plant engineering 

companies divided equally into small- or large-sized companies. The 

purpose of the questionnaire was also to figure out if the project controlling 

staff works on commission in customer order projects. Most of the 

companies, 82 percent, stated that the salary of project controlling staff is 

not based on their performance in connection with the customer order 

projects assigned to them. The remainder, almost one fifth of the 

companies stated that their project controlling staff worked on commission. 

In terms of company size, it can be noticed from figure 22 that the project 
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controlling staff is motivated to good project performance by commission 

only in medium and in large-sized companies. 24% of medium-sized and 

20% of large-sized companies reported that the salary of the staff is based 

on their performance. 
 

 

Figure 22. The division of project controlling staff, which works on 

commission, in terms of company sizes 
 

4.2.3 Project reporting  
 

As we learned earlier, the periodic project reporting system identifies the 

status of every activity scheduled for project work since the last progress 

report. We wanted to find out in our survey if the companies conduct a 

regular and standardized project reporting or project review to the 

management. 91 percent of German machine and plant engineering 

companies informed that they do carry out a regular and standardized 

project reporting to the management. As can be noticed from figure 23, 76 

percent of these companies stated that they do so every month. The 

length of the reporting period usually depends on the complexity or overall 

duration of the project. In addition some companies informed that they 

have regular meetings every third month with the management and what 

is alarming, some companies let know that they conduct a project report to 

the management only if management asks for it.  
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Figure 23. Regular and standardized project reporting or project review to 

management 

 

Furthermore, 21 percent of the companies reported that they conduct a 

project reporting to management only in case of significant modifications 

to the project. These previous two results are unfortunate, as without 

regular and standardized project reporting management can easily get an 

erroneous impression about the project’s progress. Further as the 

modifications to project are already decided when a project report is filed 

management cannot have an influence on modifications and thus the 

progress of projects anymore, if it only receives the information about 

significant changes through a project report. Regarding the company size, 

large-sized companies report most of all about significant project 

modifications to their managements.  

 

According to the results of this survey, which can be noticed from figure 24 

below, in 70 percent of the companies the project management prepares 

the project reporting. 61 percent of companies however reported that their 

controlling department participated in reporting or performed it itself. 

Internal audit for one does not prepare the project reporting in any German 

machine and plant engineering company that participated in this survey. In 

detail, in 71 percent of medium-sized companies the project management 

prepares the project reporting or review. However, 53 percent of these 

companies reported that their controlling department took also part in 

working out the project reporting. In practice the project management and 
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the controlling department prepare the project reporting or review in 

cooperation, and especially in the large-sized companies this is most often 

the case. The project reports and reviews are important tools of project 

management. This is why project management should pay attention to 

project reporting and ensure the cooperation of the departments that 

prepare it.  
 

 

Figure 24. The division of departments, who prepares the project reporting 

or project review in the companies 

 

Companies were also asked to define with which software or system they 

perform their project reporting to the management. As can be found from 

figure 25 below, customary spreadsheet software, such as Excel, and 

Enterprise Resource Planning system, such as SAP, seem to be the most 

used in project reporting among the German machine and plant 

engineering companies. Only three percent of companies reported the use 

of project management software in project reporting. Studying more 

precisely, all companies that are and the parent companies of which are 

listed on the stock exchange stated that they conducted the reporting by 

means of Excel. However, 71 percent of them informed that they used 

SAP as well. The companies that are not and the parent companies of 

which are neither listed on the stock exchange reported that they made 
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more use of SAP in project reporting than of Excel. These companies also 

seem to be the only few ones that make use of project management 

software as well.  

 

 

Figure 25. The project reporting or project review is carried out using… 

 

4.2.4 Variations to plan 
 
It is very common that projects do not progress as planned and the 

variances between actuals and plan are almost taken for granted. 

Information on any changes is collected during the project reporting 

period. Project management should keep in mind that the shorter the 

reporting period, the better chances are to identify project problems early, 

and to take the effective corrective actions. We wanted to find out how 

often German machine and plant engineering companies record variations 

to plan. As can be noticed from figure 26, 73 percent of companies 

reported that variations are recorded every month, but none did so weekly. 

The explanation for why no one recorded weekly is likely that the customer 

orders in question have longer overall duration than only a few months. A 

more surprising and interesting research result is, however, that 18 

percent of companies recorded variations to plan only in case of significant 

modifications to the project. Most of these companies are either small- or 

large-size companies, only 6 percent of medium-sized companies reported 

that they record variations to the plan only in case of significant 
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modifications. It would be noteworthy for the management of these 

companies that the project targets are easier to reach when all changes to 

plan are recorded, because even small changes could have a substantial 

impact on project performance. 

 

 

Figure 26. The registration of variations to plan 

 

4.2.5 Tools of project controlling 
 
To find out to what extent the questioned companies make use of methods 

and tools of project controlling, they were asked to define the tools being 

used for monitoring the progress of customer orders. As figure 27 shows, 

67 percent of the companies reported that regular project meetings are 

always chosen to monitor the project progress. Along with project 

meetings, 58 percent of companies informed that also milestones and 

schedule variances are always used. Only three percent of companies let 

know that they always used Program Evaluation and Review Technique, 

PERT, as well for monitoring the progress of customer orders. These 

findings correspond with earlier research results by stating that only few 

companies make use of PERT to support project management.  
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Figure 27. Measures taken to monitor the progress of customer orders 

 

The companies were also asked what measures they used to monitor the 

revenues and costs of customer orders. Almost 80 percent of companies 

reported that they always monitored the revenues and costs with the help 

of Cost-to-Complete calculation. Besides that, 55 percent of companies 

stated that they always monitor by means of regular project meetings. 

Despite the statement that EVA should be favourable to accounting profits 

as a measure of value creation, it is not at all used among German 

machine and plant engineering companies.  

 

Figure 28. Measures taken to monitor the revenues and costs of customer 

orders 
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To figure out how companies monitor the scope of delivery and 

performance, they were asked to define the tools they use for it. More than 

half of the companies reported that they always used regular project 

meetings and pre- and final inspections by the customer in monitoring the 

scope of delivery and performance. Also own performance tests and 

reviews were always used for monitoring in 27 percent of companies that 

participated in this survey.  

 

 

Figure 29. Measures taken to monitor the scope of delivery and 

performance  

 

Just as found in earlier studies, again in this study it can be stated that 

despite the increased development of tools for project controlling and 

monitoring only the most basic ones are used in practice among German 

machine and plant engineering companies. This may be due to education 

of staff, conservative structures, reasons of cost saving or the belief that 

the simpler the better that may yield to basic techniques.  
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4.3 Findings with regard to project risk management  
 

By means of project risk management, PRM, the project can be protected 

from unfavourable future events the exact outcome of which is unknown. 

That is to say the project risk management tries to ensure favourable 

outcomes of projects. In order to figure out the current status of PRM in 

German machine and plant engineering companies, the companies were 

asked if they conducted it for significant and critical customer orders. 91 

percent of the companies replied that they did perform project risk 

management and the remaining 9 percent of companies did not. In spite of 

the growing amount of new threatening risks there are interestingly still 

companies who do not perform PRM at all. As can be noticed from figure 

30, all of these companies are not listed on the stock exchange and 

neither are their parent companies. 

 

Figure 30. The use of project risk management for significant or critical 

customer orders in terms of companies´ listing on stock exchange 

 

4.3.1 Different risks and their identification and evaluation tools  
 
Companies that carry out PRM were asked to define the risks which they 

monitor. This question was formulated as scale form. According to this 

study, more than half of the questioned companies always control risks 

related to costs and proceeds, time-related risks and risks related to the 

scope of delivery and performance. Not surprisingly, companies pay most 
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attention to the monitoring of risks related to costs and proceeds. In 91 

percent of the companies, these risks in question were controlled always 

or often. This indicates a growing effort to keep the planned budget in its 

limits. In addition, companies let know that they often monitored technical 

risks, as well. These risks arise when technologies being used are new, 

when a project does not perform to the required technical standards or 

when it produces substandard products. 

 

As presented in paragraph 2.1.1, a project has a life cycle based on a 

congruity with living things which are born, live for a period of time and 

then finally end. The life cycle of a machine and plant engineering 

customer order project can be classified in the following project phases, 

which are presented in figure 31. In the first phase, the customer order is 

initiated, need is stated and goal is established. After that the offers are 

prepared and the scope of delivery and performance is specified. In the 

third phase, the project partners negotiate for the contract and complete it. 

In the fourth phase, the project plan is developed and finalized. The 

completion of this final planning activity means the beginning of the 

controlling phase. After that, purchases and procurements are made and 

production, installation and commissioning starts. Also the warranty for the 

project is guaranteed. When the customer states the project is finished, it 

will be closed. We wanted to figure out, in which of these project phases 

the risks are identified among German machine and plant engineering 

companies.  Most of the companies, 58 percent, informed that they always 

identified the risks in the negotiation phase, when the contract is 

completed. Also 55 percent of companies informed that they identified 

risks already in the second phase, when they prepare the offers for the 

customers and specify the scope of delivery and performance. These 

findings support the view of earlier studies, in which it was stated that 

usually the risks are most likely to occur in the early phases of the life 

cycle and not in the final phase, when the majority of project work is 

already completed.  
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Figure 31. The division of risk identification in terms of project phases 

 

The companies were also asked which tools they used for the 

identification of project risks, on the one hand before the conclusion of the 

customer order contract, and on the other hand after the conclusion of the 

contract. These questions are formulated as scale form. As can be found 

from figure 32, 58 percent of the companies informed that they always 

used standardized checklists or questionnaires for the identification of 

project risks before the conclusion of the contract. This research result is 

consistent with the findings of Abt, presented in paragraph 2.3.3, who 

figured out that checklists are the most important orientation guide of risk 

identification in the branch of machine and plant engineering. 21 percent 

of companies for one reported that they use always expert interviews for 

the identification of risks. Brainstorming and workshops are reported to be 

less used as a primary identification tool, but however in the questioned 

companies brainstorming is overall more often used for the identification 

than expert interviews.  
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Figure 32. Tools used for the identification of project risks before the 

conclusion of the contract 

 

After the conclusion of the customer order contract, the most often used 

tools for the identification of project risks are reported to be reviews of 

Cost-to-Complete calculation and deadline and progress monitoring. As 

presented in figure 33, 70 percent of the companies informed that they 

always used these tools. Besides, cost monitoring is always used in 67 

percent of the companies.  

 

Figure 33. Tools used for the identification of project risks after the 

conclusion of the contract  
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figure 34, almost half of the companies informed that they always use both 

quantitative and qualitative risk management tools. In addition, 42 percent 

of the companies informed that they often use both types of tools. In 

general, worst case reflections are used most often for the evaluation of 

project risks in the companies. The realistic case and the probability of risk 

occurrence were the second and the third most used tools. 18 percent of 

the companies reported that they always used the questioning of experts. 

Correspondingly, 12 percent of companies let know that they always 

create Cause-and-Effect diagrams for the evaluation of project risks. 

However, this result does not match with earlier research results, in which 

Cause-and-Effect diagrams were found to be rarely used. According to 

this study, companies for one reported about rare use of ABC-analysis, 

Cost-Benefit analysis and Monte Carlo analysis. The findings of this study 

about Monte Carlo analysis, however, are consistent with earlier studies in 

which Monte Carlo analysis was found to be rarely used as well.  

 

 

Figure 34. Tools used for the evaluation of project risks  
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4.3.2 Early warning indicators and project risk controlling 

 
Early warning indicators give early signals to project management and 

teams of threatening project risks. We wanted to figure out what early 

warning indicators were mainly chosen for the monitoring of project risks 

related to the scope of delivery and performance, time and risks related to 

costs and proceeds.  

 

As can be noticed from figure 35, in total 88 percent of the German 

machine and plant engineering companies replied that novelty and 

complexity of the project is always or often used as an early warning 

indicator for the monitoring of project risks related to the scope of delivery 

and performance. This favour and importance of novelty and complexity 

as an early warning indicator is a consequence of the increasing amount 

of new kinds of risks, which threat the performance of new and complex 

projects. In addition, 72 percent of companies reported that nature and 

scope of modifications to customer orders were always or often used as 

an early warning indicator. The bigger the modifications of customer 

orders are, the more unshielded from the project risks customer orders 

become. Correspondingly, altogether almost 70 percent of companies also 

use deviation of the warranty for quality defects from the internal 

standards, for example amount of damages and extraordinary assumption 

of risks as early warning indicators for the monitoring of the project risks 

related to the scope of delivery and performance.   
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Figure 35. Early warning indicators used mostly for the monitoring of the 

project risks related to the scope of delivery and performance 

 

Companies were also asked to define the early warning indicators they 

mostly used for the monitoring of the project risks related to time. As can 

be found from figure 36, altogether 94 percent of companies informed that 

extraordinary time pressure is always or often used as an early warning 

indicator. This result is not surprising, because the more the customer 

order is under time pressure and the time-scale for the order is decreased, 

the possibility increases that the order will not be finished on time. This 

way, the order gets exposed to risks related to time. On the other hand, in 

all 78 percent of the companies reported that they always or often used 

exceeding internal time schedules. This means that as the internal 

schedule of the customer order is exceeded, the higher the possibility is 

that the order will not be finished in a planned timeframe and the customer 

satisfaction will be at stake. As in case of risks related to the scope of 

delivery and performance, also in case of time-related risks altogether 91 

percent of companies let know that novelty and complexity of the project is 

always or often used as an early warning indicator. The reason for the 

favour of this is that the more new and complex the customer order is the 

more exposed it is also to time-related risks.  
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Figure 36. Early warning indicators used mostly for the monitoring of the 

project risks related to time 

 

Development of purchase prises for upfront work, material et cetera, and 

credit standing of the customer were always or often used as an early 

warning indicators for monitoring the project risks related to costs and 

proceeds altogether in 85 percent of the companies. These results can be 

seen from figure 37. Because of the rise in purchase prices, the possibility 

increases that the project will not be finished in the predefined budget. 

This is the reason why the development of these prises is used as an early 

warning indicator to provide signals to project management and teams of 

the threatening risks related to costs and proceeds. The reason why the 

credit standing of the customer is used as an early warning indicator as 

well is that if the customer is not creditworthy, the possibility that he is able 

to pay the price of the order back is low.  
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Figure 37. Early warning indicators used mostly for the monitoring of the 

project risks related to costs and proceeds 

 

Companies were asked about the course of the project risk controlling. As 

can be noticed from figure 38, 78 percent of companies reported that the 

responsible persons were always or often named in the course of the 

project risk controlling. This research result is impending, because without 

the responsible persons it is more difficult to keep the project on track. 72 

percent of the companies replied that they always or often monitor the 

progress of the implementation of measures. Only 24 percent of 

companies reported that they always or often regularly analyzed the Cost-

Benefit effects of the measures. If companies devoted themselves more to 

analyzing the Cost-Benefit effects of measures, those that do not benefit 

the progress of the project could be distinguished from the useful other 

measures. This would facilitate the work of project management. 63 

percent of the companies let know that they always or often define 

countermeasures for all significant project risks. This result is a little 

surprising, because we assumed that even more of German machine and 

plant engineering companies defined countermeasures for all significant 
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late for project management to prepare countermeasures for these risks 

and mitigate them.  

 

 

Figure 38. In the course of the project risk controlling… 

 

4.3.3 Project risk management and company-wide risk 
management 
 
German machine and plant engineering companies were asked to define if 
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that also from the viewpoint of the management it would be easier, if 
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integrated. The companies the project risk management of which was not 

integrated into the company-wide risk management were mainly 

companies that are not and the parent companies of which are neither 

listed on the stock exchange.  

 

Those companies the project risk management of which was integrated 

were asked who was responsible for communicating the individual project 

risks to the company-wide risk management. 61 percent of the companies 

reported that project management was responsible for communicating the 

individual project risks to the company-wide risk management. 12 percent 

of the companies for one informed that project controlling and another 12 

percent let know that risk management was responsible.  

 

4.4 Findings with regard to disruptions of customer order 
projects 
 

Earlier we focused on project controlling and project risk management and 

their activities, processes, methods and tools. We tried to find out their 

black spots and their influence on project progress and performance. Now 

we will concentrate on the disruptions of the customer order projects in the 

German machine and plant engineering industry. First, we will focus on 

the project phases and examine in which phases of the project life cycle 

the difficulties most frequently occur. After that, we will find out what the 

main reasons for disruptions of the projects are. This examination is 

divided into seven areas: reasons due to contractual arrangements, 

reasons in the project area, reasons related to the project planning, 

personnel-related reasons, technical reasons, business reasons and 

reasons due to the project implementation.  
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4.4.1 Phases of project life cycle 
 

As can be noticed from figure 39, companies reported that they mostly 

encounter difficulties in the commissioning phase of life cycle. The reason 

for this might be the dependence on third parties. If the third party does 

not conduct its work as the orderer planned, it may cause problems to the 

customer order project. In addition, 42 percent of companies replied that 

they often have difficulties in this same phase. 21 percent of companies let 

know that they always run into difficulties in the planning and design 

phase, in which the project plan is developed and finalized. Some of the 

companies informed that they have problems in this phase with new 

developments and especially regarding their cost estimate of material. 

They replied that often they at first noticed in the purchase and 

procurement phase how expensive the designed machine actually will be. 

This easily incurred cost overruns and thus problems to keep to a budget. 

The other reason for the difficulties in this phase might be, for example, 

that the project partners cannot agree with each other about the final 

project plan. Almost one fifth of the companies reported that they always 

encounter difficulties in the purchase and procurement phase. Possible 

causes for this might be problems in the relationship with suppliers. 15 

percent of the companies for one stated that they always encounter 

difficulties in the phase of production and installation. We can assume that 

if the project management of these companies focused more on these 

inter-company activities and strived to improve their efficiency, the 

problems could be disposed. Regarding the frequency of the difficulties, 

companies reported, that they most often encounter difficulties in the 

above-mentioned phases.  
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Figure 39. The division of the difficulties in terms of project phases 

 

4.4.2 Main reasons for disruptions of project 
 
Companies were asked to define the main reasons for disruptions of 

customer order projects. This question was divided into seven areas. 

Reasons related to contractual arrangements form the first area examined. 
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reasons for disruptions related to contractual arrangements. 
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encounter this same reason for disruptions. Furthermore, 15 percent of the 
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contractual problems and modifications always cause disruptions to the 
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modifications should be clearly formulated. In this way, misunderstandings 
are impossible. In nine percent of companies, the ambiguous distribution 

of risks, and in three percent of companies the ambiguous time schedule 

were mentioned to always be the reason for disruptions to the project. Just 

as in earlier cases, the clearly formulated basic information regarding the 

project and its contract could avoid the project from these disruptions.  

 

 

Figure 40. Reasons due to contractual arrangements 

 

As can be found from figure 41, in the project area most of the German 

machine and plant engineering companies informed that the dependency 

on other projects was always or often the reason for disruptions to the 

project. In order to avoid such problems, companies should try to be as 

independent from other parties as possible. 24 percent of the companies 

also reported that the changed market conditions were often a reason as 

well. Unfortunately, against these disruptions of projects companies and 

their project management cannot do much. Sometimes the indifference to 

the project in the company also causes difficulties. Almost one fourth of 

the companies reported that minor importance of the project is always the 
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motivate the project team. Statutory changes were not mentioned as 

relevant factors for disruptions.  

 

 

Figure 41. Reasons in the project area 

 

As can be noticed from figure 42, the reasons related to the project 

planning are divided equally between the alternatives. 12 percent of the 

companies stated that unrealistic or insufficiently detailed objectives, 

overlooked important aspects or activities and imprecise estimates of 

expenses and proceeds were always the main reasons. Correspondingly 

an average of 50 percent of the companies reported that they often 

encounter these reasons. The objectives of the project should be defined 

clearly and realistically. If it is known already at the beginning that a 

project will not reach its objectives, it would not be worth beginning it. As 

learned earlier, the project plan should not be too detailed at the beginning 

of the project, because there will be most certainly changes to it. However, 

the important activities and estimates of expenses and proceeds of the 

project should already be clear in the planning phase. 
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Figure 42. Reasons related to project planning  

 

There also occur personnel-related reasons for disruptions to the project. 

As can be seen from figure 43, 36 percent of German machine and plant 

engineering companies stated that insufficiently qualified employees were 

always the main reason for disruptions. Correspondingly, 30 percent of 

companies stated this to be often the cause. This is alarming, because 

without high-qualified and educated employees, German machine and 

plant engineering industry cannot keep its leading position in the global 

industry. Three percent of the companies for one reported that the 

absence of project staff and changes in the project team cause difficulties. 

Correspondingly, 21 percent of the companies replied that this is also 

often the reason. It is obvious that changes in the project team and 

absence of project staff might cause disruptions to the project. However, 

these are organizational questions and usually quickly repairable. 18 

percent of the companies let know that unmotivated project staff and 

conflicts often cause problems to the project. The project management 

should be able to motivate its staff to work effectively in order to reach the 

best performance of the project and the satisfaction of the customer. The 

project staff could be motivated among others with “golden handcuffs” or 

extra leisure time.  
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Figure 43. Personnel-related reasons 

 

The reasons for disruptions to the project may also be technical. Three 

percent of the companies reported that non-feasibility of the scope of 

delivery and performance is always the reason for disruptions. 

Correspondingly, 21 percent of these companies stated that this is also 

often the reason. Only those kinds of customer orders, which the 

companies are able to conduct, regarding their magnitude et cetera, 

should be accepted. The failure of machines, EDP and other resources 

were seldom reported to be technical reasons for disruptions.  

 

 

Figure 44. Technical reasons 
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There exist also some business-related reasons for disruptions to the 

project. As presented in figure 45, 24 percent of the companies replied 

that problems with suppliers, which consist of quality, quantity and time, 

always occurred to be the main reasons for disruptions. In proportion, 55 

percent of companies reported that these were also often the reasons for 

disruptions. This indicates that by improving the relations with suppliers, 

many companies would manage to avoid these problems. 15 percent of 

the companies let know that modifications to orders were always the main 

reasons, whereas one third of companies informed that these were also 

often the cause. This result is obvious, because due to modifications to 

orders the changes to the project work must be conducted and the plan of 

customer order must be updated. These activities cost time and 

automatically cause difficulties. 12 percent of German machine and plant 

engineering companies let know that the termination of the project by the 

customer is often the main reason. This kind of termination might be a 

consequence of changed market conditions or default of payment. 

However, these reasons for disruptions must be very significant before a 

customer terminates an unfinished project.  

 

 

Figure 45. Business reasons 
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proportion, 39 percent of companies reported that these are often the 

reasons for disruptions. Just as stated in earlier study, well-established 

communication channels and an active communication through the project 

are critical regarding good project performance. Good communication 

skills are required by successful project managers as well. 12 percent of 

the companies let know that changes in customer requirements cause 

always difficulties. Correspondingly, 39 percent of companies informed 

that this is also often the case. The project plan must be updated 

regarding the changes in customer requirements. This process takes time 

and incurs costs for the companies.  

 

 

Figure 46. Reasons due to the project implementation 
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always the reason for disruptions. In addition, 18 percent of companies 

named these to be often the reason. Respectively, 9 percent of companies 

informed that weaknesses in project controlling always caused problems. 

18 percent of companies stated to encounter these same reasons often. 

As learned earlier, project controlling has a very important role in the 

successful performance of projects. However, if there occur weaknesses 

and holes in project controlling, these easily cause disruptions. In order to 
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avoid this, project management should ensure that the project controlling 

activities are clear and work as they should. Six percent of companies 

informed that insufficient application of project management methods 

always cause difficulties. Correspondingly, for 21 percent of companies 

these are often the reasons for problems. As learned earlier, project 

management methods, such as milestones, Cost-to-Complete calculation, 

Cost-Benefit analysis et cetera, can facilitate remarkably the managing 

work of project management. However, this demands that the tools and 

methods are used correctly. We can assume that in spite of an increasing 

amount of different methods and tools, the usage and application of them 

will not increase at the same pace, and only the simplest ones will 

continue to be used in future.  
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5 CONCLUSIONS 
 

5.1 Basis and target of master’s thesis work 
 
The objective of this study was to define the role and activities of project 

controlling and risk management in German machine and plant 

engineering companies. Project controlling and risk management have a 

significant influence on performance of a project and therefore on the 

success of the whole company. In order to keep the worldwide leading 

position in machine and plant manufacturing these German companies 

have to be able to perform their project controlling and risk management 

appropriately. On basis of this study it can be stated that there still exist 

holes in a proper usage and frequency of use of project controlling and 

risk management methods and activities in German machine and plant 

engineering companies. By strengthening and focusing more on project 

controlling and risk management methods and processes, the 

performance of projects as well as of companies would improve. 

 

This thesis work is a qualitative study, in which the descriptive methods 

are strongly used. Theory and practice support each other in this research, 

as the theory part assists to piece together the theoretical framework 

which exists in the background of the project controlling and risk 

management practice. The material for the empirical part was collected by 

means of a questionnaire, which was addressed to the persons who are 

responsible for project controlling and risk management in German 

machine and plant engineering companies. The information and results of 

questionnaires were processed by Microsoft Office Access and analyzed 

by Microsoft Office Excel and Pivot table tool. 

 

5.2 Main empirical findings 
 

Most of the questioned companies were medium-size with between 5 and 

25 million euros as the average volume of customer order projects. The 
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companies informed that on average more than fifth of their customer 

orders were not completed within the planned schedule and at average 

almost fifth of their orders overrun the planned budget. In most companies 

these delays of the orders were however short and budget overruns small. 

Two possible reasons for above-mentioned schedule and budget overruns 

might be the lack of proper project controlling and risk management. There 

are namely still companies who do not carry out project controlling 

separately for each customer order and who do not conduct project risk 

management at all. It can be assumed that by starting to conduct both 

project controlling and risk management, the companies would overrun 

schedule and budget of customer orders less frequently and this would 

improve the project performance as well as the success of the whole 

company.  

 

The periodic project reporting provides important information to 

management about the status of every activity scheduled for project work. 

Surprisingly there were still some companies who do not perform project 

reporting regularly, but only if management asks for it or only in case of 

significant modifications. This is alarming, as without regular project 

reporting management can easily get an erroneous impression about the 

project’s progress. As modifications to project are already decided when a 

project report is filed, management cannot have an influence on 

modifications and thus the progress of projects anymore, if it only receives 

the information about significant changes through a project report. 

 

It is almost axiomatic that, there occur variances between actual 

performance of project and project plan. All these changes should be 

reported to plan. The shorter the reporting period the better are the 

chances to identify project problems early and to take the corrective 

actions. In addition to most companies, which recorded variations every 

month to plan, there were unexpectedly some companies which informed 

that they register variations to plan only in case of significant modifications 

to project. Concluding it is advisable for the management of these 
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companies that the project targets maybe easier to reach if all changes to 

plan are recorded, because even these small changes could have a 

substantial impact on the performance. 

 

The research results of this study in terms of tools and methods of project 

controlling match with earlier surveys. Despite the increased development 

of tools for project controlling and monitoring only the most basic ones are 

used in practice among German machine and plant engineering 

companies. As companies informed regular project meetings, milestones 

and schedule variances are mainly used for monitoring the progress of 

customer orders. Only few companies make use of Program Evaluation 

and Review Technique in this case. Cost-to-Complete calculation for one 

is mostly used for monitoring the revenues and costs of orders. Despite 

the statement that Economic Value Added is excellent to accounting 

profits as a measure of value creation, however it is not at all used among 

German machine and plant engineering companies for monitoring the 

revenues and costs. The seldom usage of more complex tools and 

methods in these German companies may result from education of staff, 

conservative structures, reasons of cost saving or the belief that the 

simpler the better.  

 

Not surprisingly the companies stated that they pay most attention to the 

monitoring of risks related to costs and proceeds. This indicates to a 

growing effort to keep the planned budget in its limits. Surprising however 

is that still almost fifth of the companies define the countermeasures 

seldom for all significant project risks and some companies do not define 

them at all. This is of concern, because at the time possible risks become 

reality, it might be already too late for project management to prepare 

countermeasures for these risks and mitigate them. According to one 

earlier study and this study as well, standardized checklists are the most 

important orientation guide of risk identification in the branch of machine 

and plant engineering. The companies of this study reported of its use 

especially before the conclusion of the contract between them and 
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customer. With the exception of Cause-and-Effect diagram, the results of 

this study regarding the tools used for evaluation of project risks are 

congruent with earlier researches. Worst case and realistic case are most 

used tools, but Cost-Benefit, Monte Carlo and ABC-analysis for one are 

rarely used for risk evaluation. Earlier researches reported Cause-and-

Effect diagram to be rarely used, but altogether more than fifth of the 

questioned of this study use it always or often.  

 

German machine and plant engineering companies reported to encounter 

most the following reasons for disruptions of projects: ambiguous scope of 

delivery and performance in contracts, dependence on other projects, 

imprecise estimates of expenses and proceeds in project plan, insufficient 

qualified employees, problems with suppliers and lack of information and 

communication in project implementation. Often these kinds of reasons 

are more or less connected to each other. To avoid such problems the 

basic information regarding project plan, project and its contract as well as 

the handling of contractual problems and modifications should be clearly 

and realistically formulated. It would be beneficial for the companies to try 

to be as independent from other parties as possible and in case of 

suppliers to improve the relationship with them. In order to ensure the 

good project performance in future, the companies should be able to 

decrease these disruptions. It can be assumed that qualified employees 

and active communication through the project are, among others, the key 

activities to reach a successful performance of the project.       

 

5.3 Further research suggestions 
 
The study of project controlling and risk management activities in German 

machine and plant engineering industry is a little examined but interesting 

field, which offers many challenges. In order to discover the progress of 

the role of controlling and risk management in customer orders and to 

improve the performance of projects it would be beneficial for these 

German companies, if this study would be carried out again in couple of 
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years or within a shorter period of time. This way possible variations and 

trends could be detected. The questions and company sample of these 

future studies should be updated congruent with the trends of this industry 

branch. Furthermore research could be undertaken to compare this 

industry to other significant German branches concerning their project 

controlling and management.  

 

Internationalization and globalization play a big role in machine and plant 

manufacturing. In addition to important long-time competitors, such as the 

USA and Japan, new emerging markets like China or India might rapidly 

become a new and dynamic threat to Germany’s industry. In order to get a 

comprehensive picture of the development of the biggest competitors, it 

would be worthwhile for German companies, if studies like this would be 

performed in above-mentioned countries too. In this way differences and 

developments in methods being used could be found and tested if they are 

applicable to German companies. In this case economical and cultural 

background should be considered.  
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APPENDIX 1. Questionnaire 
 

 
General Information 

 
 
 

Note: 
All information is voluntary and will be kept strictly confidential. The 
information provided will not be used either internally or externally for any 
other purposes than those of this survey. 

 
 
Completed by: 

Name:       

Function:       

Phone:       

E-mail:       

Company:       

Legal form:       

Industry:       

Sales:       

Total assets:       

Headcount:       

Stock exch.:  Yes   No  /   Parent company listed on the stock exch.  

 
 
May we contact you if we have any questions relating to the survey and to your 
feedback? 
 

 Yes  

 No  



 
  

 

 
The following questions refer to sales orders in the machine and plant 
engineering industry. Purely internal projects (e. g. implementation of new 
EDP systems, development projects) are not the subject of this survey. 
 
 
How many projects with an order volume of more than EUR 1.5 million does 
your company conclude within one year? 
 

Number        
 
 
What is the average order or project volume? 
 

 lower than EUR 5 million  

 between EUR 5 million and EUR 25 million  

 higher than EUR 25 million  
 
 
How many sales orders … 
 

... are completed as expected (i. e. timely and with the 
expected margin, number of units, cost and proceeds)? 

 
      % 

... are not completed within the expected timeframe?  
      % 

 

thereof: 
- Delay  < 1 month 
- Delay  1-3 months 
- Delay  3-6 months 
- Delay  6-12 months 
- Delay  > 12 months 

 
      % 
      % 
      % 
      % 
      % 

... exceed the planned cost volume?       % 

 

thereof: 
- Exceeded by  1-5% 
- Exceeded by  5-10% 
- Exceeded by  10-
20% 
- Exceeded by  20-
50% 
- Exceeded by  > 50% 

 
      % 
      % 
      % 
      % 
      % 

... do not reach the originally agreed scope of delivery and 
performance (e. g. the requested functionality)? 

 
      % 

 



 
  

 

If orders are not completed as expected, the reasons for the disruption can 
mainly be found 
 
 

- ... in the customer area, since  

 - ... deadlines, number of units or the agreed scope 
of delivery and performance has been modified on 
request of the customer? 

 
      % 

 - ... the customer has not fully or timely fulfilled 
certain prerequisites in the course of the project 
(e. g. delayed delivery of test units)? 

 
 
      % 

- ... at own suppliers?       % 

- ... within the own company?       % 

- ... other:             % 
 
 
 

 
A. Project Controlling 

 
 
 
A.1 Is there detailed project planning for each sales order? 
 

 Yes  

 No  
 
 
 If so, which measures are taken for project planning? 
 

  never   always 

- As for similar reference projects     

- Work breakdown structure (WBS) (i. e. 
dividing a large project into smaller 
steps) 

 
 

 
 

 
 

 
 

- Gantt chart (bar chart, network)     

- Milestones     

- Cost planning map (CPLM)     

- Other:           



 
  

 

A.2 Is there separate project controlling for each sales order? 
 

 Yes  

 No  
 
 
 If yes, which department is the project controlling assigned to? 
 

 Project management  

 Controlling  

 Finance department  

 Internal audit  

 Sales and distribution  

 Special department  
 
 
A.3 What kind of qualifications do the project controlling staff have? 
 

 Mainly commercial  

 Mainly technical  

 Both commercial and technical  
 
 
A.4 Is the salary of the project controlling staff based on their 

performance in connection with the sales orders assigned to them? 
 

 Yes  

  On the absolute success of the project  
  On the actual/plan variance  
  Other:        

 No  
 
 
A.5 Is the variation to plan recorded frequently? 
 

 Yes  
  Every week  
  Every month  

  Only in case of significant modifications to the 
project 

 

  Other:        

 No  
 



 
  

 

 
A.6 What measures are taken to monitor the progress of sales orders? 
 

  never   always 

- Regular project meetings between 
project managers, sales and 
distribution, controlling, design, 
production, purchase department and 
management 

 
 

 

 
 

 

 
 

 

 
 

 

- Network planning: 
- Critical path method (CPM) 
- Program evaluation and review 
technique (PERT) 
- Other:       

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

- Revolving planning     

- Milestones     

- Notification of problem     

- Schedule variances     

- Other:           
 
 
A.7 What measures are taken to monitor the revenues and costs of 

orders? 
 

  never   always 

- Regular project meetings between 
project managers, sales and 
distribution, controlling, design, 
production, purchase department and 
management 

 
 

 

 
 

 

 
 

 

 
 

 

- Cost-to-Complete calculation     

- Monitoring of the Economic Value 
Added (EVA) 

    

- Other:           
 
 
A.8 What measures are taken to monitor the scope of delivery and 

performance? 
 

  never   always 

- Regular project meetings between 
project managers, sales and 
distribution, controlling, design, 
production, purchase department and 
management 

 
 

 

 
 

 

 
 

 

 
 

 

- Internal dual control principle for certain     



 
  

 

project components 

- External feasibility study or expert 
opinion in the offer phase 

 
 

 
 

 
 

 
 

- Own performance tests and reviews     

- Inspections regarding the progress of 
work by the customer 

    

- Pre-inspection and final inspection by 
the customer 

    

- Other:           
 
 
A.9 Is there regular and standardized project reporting or project review 

to the management? 
 

 Yes  
  Every week  
  Every month  

  Only in case of significant 
modifications to the project 

 

  Other:        

 No  
 
 
A.10 The project reporting or the project review is carried out … 
 

 
 

... computerized, using a special project management software 
(e. g. ACE Project, Vertabase, @task)? 

 ... using customary spreadsheet software (Excel)? 

 ... using a ERP system (e.g. SAP)? 

 ... using another standardized solution:       
 
 
A.11 Who prepares the project reporting or the project review? 
 

 Controlling  

 Finance department  

 Internal audit  

 Operative entities (e. g. sales and distribution, technical 
department, assembly department) 

 

 Project management  

 Other:        
 

 



 
  

 

 
B. Project Risk Management 

 
 
 
B.1 Does your company perform project risk management for significant 

or critical sales orders? 
 

 Yes  

 No  
 
 
B.2 If yes, which project risks are monitored? 
 

  never   always 

- Risks related to the scope of delivery 
and performance 

    

- Time-related risks     

- Risks related to costs and proceeds     

- Other risks:           
 
 
B.3 In which project phase are the risks identified? 
 

  never   always 

- Order initiation     

- Preparation of offers, specification of 
scope of delivery and performance 

    

- Contract negotiation and completion 
thereof 

    

- Planning and design     

- Purchase, procurement (relationship 
with suppliers) 

    

- Production, installation, commissioning     

- Warranty phase     
 



 
  

 

B.4 What early warning indicators are used for the monitoring of the 
project risks defined in B2? 

 
  never   always 

Risiken bzgl. Risks related to the scope 
of delivery and performance 

    

- Novelty and complexity of the project     

- Deviation of the warranty for quality 
defects from the internal standards 
(e. g. warranty period, amount of 
damages) 

 
 

 
 

 
 

 
 

- Extraordinary assumption of risks (e. g. 
for permits from authorities, assigned 
sub-suppliers, characteristics of the 
construction site or in case of deliveries 
in accordance with certain 
INCOTERMS) 

 
 
 

 

 
 
 

 

 
 
 

 

 
 
 

 

- Degree of the synchronization of liability 
and warranty in relation to customers 
and own suppliers in case of an 
contractual assumption of risks for own 
suppliers 

 
 

 

 
 

 

 
 

 

 
 

 

- Nature and scope of modifications to 
orders 

    

- Changes in regulations and judicial 
decisions relevant to the order (e. g. 
technical regulations, liability) 

 
 

 
 

 
 

 
 

- Frequency of redesigning work     

- Proportionate share of redesigning in 
the total project expenses 

    

- Results of ongoing performance tests     

- Other:           

Time-related risks     

- Novelty and complexity of the project     

- Extraordinary time pressure for the 
project processing 

    

- Extraordinarily long project duration     

- Deviation of the default liability from 
internal standards (e. g. lump-sum 
damages, contractual penalties) 

 
 

 
 

 
 

 
 

- Exceeding internal time schedules     

- Nature and scope of modifications to 
orders 

    

- Nature and scope of contractual     



 
  

 

problems (e. g. delayed permits, 
building inspections, notices of 
problems at the construction site) 

    

- Delivery delay of own suppliers     

- Unstable customer countries: political 
developments in the region 

    

- Other:           
 

 

Risks related to costs and proceeds     

- Development of the internal time 
recording 

    

- Development of purchase prices for 
upfront work, material 

    

- Development of order-relevant 
currencies (exchange rates, inflation) 

    

- Development of project costs in 
comparison with the agreed financing 
and with the balances of the received 
prepayments 

 
 

 
 

 
 

 
 

- Credit standing of the financier or the 
project creditor 

    

- Credit standing of the customer     

- Unstable customer countries: economic 
developments in the region 

 
 

 
 

 
 

 
 

- Other:           

Other risks:           

-           

-           

-           
 
 
B.5 What tools are used for the identification of project risks? 
 

  never   always 

Before the conclusion of the contract:     

- Standardized check lists/questionnaires     

- Expert interviews     

- Brainstorming     

- Workshops     

- Other:           



 
  

 

After the conclusion of the contract     

- Analysis of ratios/indicators     

- Analysis of the contract     

- Review of precalculation, ongoing 
calculation and planning or forecast; 
cost-to-complete-calculation 

 
 

 
 

 
 

 
 

- Cost monitoring     

- Deadline and progress monitoring     

- Other:           
 
 
B.6 How are project risks evaluated? 
 

  never   always 

- Purely quantitatively     

- Purely qualitatively     

- Quantitatively und qualitatively     

- Probability of risk occurrence     

- Worst case     

- Realistic case     

- Monte Carlo analysis     

- Risk portfolio     

- Questioning of experts     

- Cause-and-Effect analysis     

- ABC-analysis     

- Cost-Benefit analysis     

- Other:           
 
 
B.7 In the course of the project risk controlling … 
 

  never   always 

- ... countermeasures for all significant 
project risks are defined. 

 
 

 
 

 
 

 
 

- ... responsible persons are named for 
the implementation of the agreed 
countermeasures. 

 
 

 
 

 
 

 
 

- ... the progress of the implementation of 
the measures is monitored. 

 
 

 
 

 
 

 
 

- ... the cost-benefit-effects of the 
measures are regularly analyzed. 

 
 

 
 

 
 

 
 



 
  

 

 
 
B.8 Is the project risk management integrated in the company-wide risk 

management? 
 

 Yes, through the general reporting process  

 
 

Yes, through a separate and project-related section in 
the risk report or through a separate reporting structure 

 

 No  
 
 
B.9 Who is responsible for communicating the individual project risks to 

the company-wide risk management? 
 

 Project management  

 Project controlling  

 Risk management  

 Other:        
 
 
 

 
C. Contract and Claims Management (CM) 

 
 
 
The claims management (CM) relates to how contractual problems are dealt with 
in the course of the project (e. g. additional costs, additional or reduced services, 
delay with respect to customers or own suppliers). Actual warranties after the 
transfer of risk, delivery or final inspection are not relevant in the following. 
 
 
C.1 Has your company implemented systematic CM? 
 

 Yes  

 No  
 
 
C.2 Where is CM organizationally based? 
 

 Project management, order handling  

 Legal department  

 Sales and distribution  

 Controlling  

 Other:        
 



 
  

 

 
C.3 In which project phase is the CM applied? 
 

  never   always 

- In the course of the order initiation and 
negotiations (preventive CM) 

 
 

 
 

 
 

 
 

- End of the contract     

- During the order handling     
 
 
C.4 What are the objectives of the CM? 
 

  never   always 

- Fostering and expanding the business 
relationship with the customer through 
appropriate handling of modifications 
and problems 

 
 

 

 
 

 

 
 

 

 
 

 

- Compensation for services provided     

- Compensation for modifications through 
no fault of one’s own 

    

- Conflict avoidance through 
objectification on the basis of conflict 

 
 

 
 

 
 

 
 

- Limitation of damages in case of claims 
received 

    

- Protection against unjustified claims of 
the contractual partners 

    

- Securing and enforcement of claims     

- Improve result by extending scope of 
contract 

    

- Other:           
 



 
  

 

C.5 For which kind of contractual problems is compensation particularly 
difficult to enforce? 

 
  never   always 

- Modification of the scope of delivery 
and performance (i. e. functionality, 
nature of the facility to be delivered, 
specifications, commercial services) 

 
 

 

 
 

 

 
 

 

 
 

 

- Changes in the number of units     

- Changes in costs (e. g. idle capacity 
costs, standstill periods) 

 
 

 
 

 
 

 
 

- Delays, e. g. through failure of 
customer to co-operate, delayed 
permits and inspections, deviations 
from the contractual characteristics of 
the construction site or of the place of 
installation or commissioning 

 
 
 

 

 
 
 

 

 
 
 

 

 
 
 

 

- Other:           
 
 
C.6 Are exact dates for certain project phases and project deadlines 

elements of the contract? 
 

 Yes  

 No  
 
 
C.7 Is the actual period of time monitored? 
 

 Yes, internally  

 Yes, at (regular) status meetings with the customer  

 Yes, according to the contractual provisions  

 No  
 
 
C.8 Do you think it is true that the CM of your company is able to finance 

itself, i. e. the securing of the project results compensates the 
expenses? 

 
 Yes  

 No  
 



 
  

 

C.9 How would you rate the following general statements? 
 

  never   always 

- “CM improves the customer 
relationship” 

    

- “CM does not change the customer 
relationship” 

    

- “CM worsens the customer relationship”     

- Other:           
 
 
 

 
D. The disruptions of the customer order projects 

 
 
 
D.1 In which project phase do difficulties most frequently occur? 
 

  never   always 

- Order initiation     

- Preparation of offers, specification of 
scope of delivery and performance 

 
 

 
 

 
 

 
 

- Conclusion of the contract     

- Planning and design     

- Purchase, procurement (relationship 
with suppliers) 

    

- Production, installation     

- Commissioning     

- Warranty phase     
 



 
  

 

D.2 What are the main reasons for disruptions to the project? 
 

  never   always 

Reasons due to contractual 
arrangements 

    

- Ambiguous scope of delivery and 
performance 

    

- Ambiguous distribution of risks     

- Ambiguous time schedule     

- Insufficient agreements regarding the 
handling of contractual problems and 
modifications 

 
 

 
 

 
 

 
 

Reasons in the project area     

- Minor importance of the project in the 
company 

    

- Changed market conditions     

- Statutory changes     

- Dependence on other projects     

Reasons relating to the project planning     

- Unrealistic or insufficiently detailed 
objectives 

    

- Important aspects or activities were 
overlooked 

    

- Imprecise estimate of expenses and 
proceeds 

    

Personnel-related reasons     

- Insufficient qualified employees     

- Unmotivated project staff and conflicts     

- Absence of project staff, changes in 
the project team 

    

Technical reasons     

- Non-feasibility of the scope of delivery 
and performance 

    

- Failure of machines, EDP and other 
resources 

    

Business reasons     

- Modifications to orders     

- Problems with suppliers (quality, 
quantity, time) 

    

- Termination of the project by the 
customer (e. g. default of payment, 

 
 

 
 

 
 

 
 



 
  

 

changed market conditions) 

Reasons due to the project 
implementation 

    

- Lack of information and 
communication 

    

- Weaknesses in project controlling     

- Changes in customer requirements     

- Insufficient application of project 
management methods 

    

- Insufficient controls of project-relevant 
processes 

    

 
 


