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I

Before you lies the final aptitude test for the Innovation Management Master program at the 
Eindhoven University of Technology, my Master Thesis report. It presents my research for 
Organization X which searched to intimately understand uncertainty in radical innovation projects. 
From what I learned about uncertainty in such projects has made me look back at my education 
over the last years. It has changed my perception about my education as I now perceive it as a project 
wherein the courses are the sub-projects. During this education process I made countless discoveries 
about uncertainties, for example the time where I first discovered hints about the states of (un)
certainty. I required serious changes during the development of these sub-projects in order to have 
a satisfactory end result. Sometimes at the cost of a lot of time, effort, sacrifice and the occasional 
stress, for example the time where I needed to significantly alter the Concept version of this project. 
But most importantly, the successful completion of all these sub-projects made that I did not have to 
terminate the education project. During this process I appeared capable to overcome the uncertainties 
which otherwise would have disabled me to achieve the ultimate success, my second Master of Science 
degree. Nevertheless, I could not have achieved this without the support of many individuals for which 
I would like to express my gratitude here.

First and foremost my mentors at the university and my mentor at the organization where I did 
my internship: Katrin Eling & Isabelle Reymen and Sjoerd. I would like to thank them for sharing 
their knowledge, their inspirational thoughts, the in-depth discussions, the constructive feedback 
throughout the process, and the doors which they have opened to enable me to execute and finish this 
research. 

Then I would like to thank my parents and my girlfriend for allowing me to pursue my passion and to 
support me unconditionally in my professional and personal journey. I am convinced that the report 
which lies here before you would not have been the same without their feedback, their listening ear, 
their patience, their comforting voice, and their self-sacrifice at those moments where I was absent.

Then I would also like to thank my friends: Nick, Kasper, Tom, Wouter, Melkon, and Minou. As 
they allowed me to learn from their own experiences, their invaluable feedback, and the occasional 
moments of distraction.

Finally I would like to thank all the employees in the organization where I did this research, and in 
particular all the employees in the Business Unit A. They allowed me to interview them, answered my 
questions and deliberately or accidentally provided me with insights or feedback.

All in all I hope that the insights from this Master Thesis will help the organization for which this 
research was executed. But I also hope that it will inspire others to think about uncertainty in projects, 
in organizations, and even their own daily lives.

Bob L´Herminez

Eindhoven, 1st of June 2016
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The organization in this study finds itself in a highly competitive and global environment. This makes 
its ability to continuously launch radical innovations vital for its survival and competitiveness on 
the long term (Cooper , 2011; Leifer, et al., 2000; McDermott & O’Connor, 2002; Slater, et al., 2013). 
However, literature and practice show that achieving radical innovation is notoriously difficult due to 
the highly uncertain and complex nature of radical innovation projects (Cooper , 2011; Olausson & 
Berggren, 2010; Sommer, et al., 2009). Uncertainty here refers to a lack of understanding by the project 
team about what factors influence the project performance and how they influence it. These factors 
are here called variables and can be related to, for example the market, the resources, the competitors, 
the technology, the regulations, to mention but a few (Sommer & Loch, 2004; Sommer, et al., 2009). 
During the development process, unexpected discoveries of such variables and about their potential 
influence on the project performance sometimes require costly changes to the project and may even 
result in its termination (Cooper , 2008; Dvir & Lechler, 2004; Munthe, et al., 2014; Sommer, et al., 
2009). Academics and practitioners have attempted to develop theories and methods to improve their 
ability to handle uncertainty by both preventing and dealing with these unexpected discoveries during 
the development process. However, it was found in literature and in the organization in this study that 
they still struggle to do so (Sandberg & Aarikka-Stenroos, 2014). Our understanding about uncertainty 
is not explicit with regards to one key aspect. The available theory does not yet explain in detail 
how the project team’s certainty about an individual variable’s influence on the project performance 
changes over time. This new perspective on uncertainty allows us to understand more in detail why 
and how (unexpected) discoveries are made about a variable over time. Increasing this understanding 
is expected to contribute to the existing theories and methods for developing radical innovations by 
explaining how earlier uncertainty reduction about variables can be achieved to prevent terminations 
and costly changes to the project. This may help academics and practitioners to reduce their difficulties 
with achieving successful radical innovation. Therefore, the goal of this research is to increase this 
understanding by answering the following research question:

Why and how are individual variables discovered and why and how does the project team’s 
certainty about a variable’s influence on the project performance change over time and cause 
deviations or the termination of the project?

In order to answer this research question, an exploratory research design was determined and 
executed. This was approached as a theory building research which developed a model and 
propositions by iterating through induction, deduction and abduction. This included a theoretical 
synthesis and an empirical research. These were used to iteratively build the model and its propositions 
in order to create and build a new theory which answers the research question. The empirical research 
was designed as a qualitative multiple case study which involved eight radical innovation projects and 
a total of 19 interviews within the organization under study. 

The result of this theoretical and empirical effort is a newly build theory which explains the changing 
states of (un)certainty about the influence of an individual variable on the project performance over 
time. This theory was developed by explicating and integrating the different concepts of uncertainty 
in academic literature into a single model and relating that to the influence which it has on the project 
performance. The key components of this new theory are threefold and will be laid out in more detail 
below: 
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The new theory which was developed here first explains that an individual variable transitions 
through four different states of (un)certainty about its influence on the project performance: from (a) 
unforeseeable, (b) to foreseeable, (c) to foreseen, and to (d) known. The variable transitions through 
these states when the project team becomes able to discover the variable, discovers the variable or 
makes discoveries about the influence of the variable. When a variable is then foreseen, two types of 
discoveries can be made that explain the project team’s (un)certainty about the variable’s influence on 
the project performance: those about its (c1) relationships to other variables in the project and those 
about (c2) its possible value(s). 

Secondly the new theory which was developed here explains that the key determinants which enable or 
inhibit discoveries from being made are very different for each variable and each state of (un)certainty. 
These differences are explained by ten determinants which are categorized into two key concepts: (1) 
the properties of the variable and the determinants of the (2) organization and the project team. Three 
variable properties have been identified from the data: 

(a) The character of the information about its influence in terms of: its completeness, ambiguousness, 
whether the information changes over time, and whether the source can be influenced by the project 
team or the organization, 
(b) The number and strength of the relationships of the variable with the other variables in the project, 
(c) Whether the variable represents a technological, market, organizational, or resource influence on 
the project performance. 

These unique properties in combination with the following determinants explain whether the 
organization and the project team enable or inhibit the reduction of the uncertainty about the variable. 
Seven determinants have been identified from the data:

(a) The project goals in terms of the direction and the performance target, 
(b) The acceptance of uncertainty of the organization and the project team about the influence of the 
variable on the project performance, 
(c) The flexibility of the project team and the organization to allow changes, 
(d) The stability in the project team, the project management and the organization. 
(e) The processes and tools which are used by the project team, 
(f) The competence and experience of the project team to make discoveries, 
(g) The composition of the competences in the project team.

Finally and thirdly, the new theory which was developed here explains that the key benefit of reducing 
uncertainty is that the project team has the ability to act in time. The team has more certainty about 
what influences the project performance and is therefore better capable to determine whether they 
need to continue the project in the same direction or whether a deviation or termination of the 
project is required. But the theory also explains that there are three dangers which need to be taken 
into account: (1) the project team may act too early, (2) the certainty which was achieved does not 
outweigh the increased cost which was required to reduce the uncertainty, and finally (3) there may be 
too much focus on reducing the uncertainty about the foreseen variables in comparison to discovering 
foreseeable variables.
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Combined this theory, as summarized in figure 0.1, explains why and how variables are discovered, 
why and how the (un)certainty of the project team about the influence of an individual variable 
changes over time, and why and how this sometimes causes deviations or the termination of the 
project. The theory also highlights that reducing uncertainty about variables mainly benefits the 
project, but that it also entails several dangers which must be taken into account.

The theory built here has explicated and integrated concepts which have been previously described in 
literature. In doing so it  provides two key implications for the academic literature. The states of (un)
certainty model adds to complexity theory from amongst others, Pich et al. (2002), Sommer & Loch 
(2004), and Sommer et al. (2009). It provides an in-depth understanding about the individual variable 
in the project performance function of complex systems which adds to our understanding about 
how and why the project performance changes during the project development process. The second 
contribution mainly complements and adds to decision making theory and project risk management 
by amongst others Chapman & Ward (2003), Ramasesh & Browning (2014), and Schrader et al. (1993). 
This contribution is related to the increased understanding about the determinants of why and how 
the (un)certainty changes over time which have resulted from the unique perspective of relating it to 
the individual variable. As this explicitly researched their different transition requirements, it became 
apparent that reducing uncertainty in the project is a trade-off. A trade-off between the benefit of the 
uncertainty which is reduced and the cost of that reduction on the changing uncertainty about the 
other variables in the project and the influence which it has on the project performance. 

Figure 0.1 The states of (un)certainty and the determinants of the transitions
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This theory has also led to three recommendations. These recommendations are expected to help 
practitioners in radical innovation to improve their ability to reduce uncertainty earlier in the project 
in order to reduce the potential that costly deviations or terminations are required: 

1. In order to understand and manage the complexity and uncertainty in radical innovation projects 
one is expected to benefit from perceiving of project as a system of individual variables which 
are interrelated and which are in different states of (un)certainty. Therefore it is expected that the 
(1) training of radical innovation employees in system thinking, the states of (un)certainty, its 
determinants and the benefit and dangers of reducing uncertainty will help them doing so. (2) The 
application of this knowledge in practice can be done by assigning a diverse team to develop and 
regularly update a map of all the variables which are expected to influence the project performance.

2. If project teams desire to reduce the uncertainty in the project by foreseeing new variables or 
reducing the uncertainty about the foreseen variables, they need to make a trade-off between all 
the different influences and effects of the uncertainty reduction on the variables in the project. The 
organization and project team are expected to make a better trade-off when reducing uncertainty 
if they determine the properties of the variable, and then align those with the effects of all the 
determinants of the organization and the project team. Since this trade-off is very different for each 
situation and each variable a checklist was created about the effects of the choices for the determinants, 
the details are found in chapter 6 Conclusion. The usage of this checklist during the decision making is 
therefore expected to help them to improve the understanding about the effect of their choices and to 
improve their ability to assess whether the uncertainty reduction will result in a desirable outcome. 

3. Finally, when reducing uncertainty about a variable or set of variables, the organization and the 
project team must take into account one final aspect. Although uncertainty reduction is mainly 
considered to be beneficial it also entails several dangers for the project performance. Therefore it is 
expected that using the variable map reduces these potential dangers from occurring. In particular 
when it is used to (1) analyze the potential outcomes of the uncertainty reduction process on all the 
variables through developing a before and after map, (2) to trade-off the expected cost and effect of the 
uncertainty reduction, and (3) to analyze the map to understand the knowledge gaps in the project in 
order to identify whether unforeseen variables may be discovered.

Note that the interpretation of the findings of this research has two major limitations. First, the 
data was collected in an individual organization, limiting the generalizability of the determinants 
of the states of (un)certainty. Therefore future research is required to find whether there are more 
determinants which enable or inhibit the transition through the states (un)certainty. The second 
limitation is that this theory has been built on propositions which are based on qualitative data. 
Therefore quantitative research is required to test the strength of the proposed relationships in the 
theory. 

Figure 0.1 The states of (un)certainty and the determinants of the transitions
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H1. INTRODUCTION
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This document presents the results of the master thesis graduation research conducted at Organization 
X. The thesis has been executed in the partial fulfillment of my Masters of Science degree in Innovation 
Management at the department of Industrial Engineering and Innovation Sciences at the Eindhoven 
University of Technology. This introduction will provide the context of this master thesis, present the 
gap, the goal and the research question, and present an overview of the content of this document.

1.1 THE CONTEXT 
The organization in this study finds itself in a highly competitive and global environment. This makes 
its ability to continuously launch radical innovations vital for its survival and competitiveness on 
the long term (Leifer, et al., 2000; McDermott & O’Connor, 2002; Slater, et al., 2014; Veryzer, 1998; 
amongst others). The goal of Business Unit A in the organization is to improve the ability of the 
organization to successfully develop and launch a continuous stream of radical innovations. The 
history of this organization has shown that it had an exemplary ability to do so. However, exploratory 
interviews have indicated that the organization faces challenges to remain equally capable. This 
difficulty was also found in literature which shows that organizations across industries struggle with 
the development of radical innovations (McDermott & O’Connor, 2002; Sandberg & Aarikka-Stenroos, 
2014; Slater, et al., 2014; amongst others). This difficulty lies in the problem that it is notoriously 
difficult for organizations to be successful in radical innovation in their search for shortening the 
development times, cost efficient development processes, and high performing products in the market 
(Cooper , 2011; Sandberg & Aarikka-Stenroos, 2014; Valle & Vázquez-Bustelo, 2009).

Literature relates the difficulty to successfully develop radical innovation projects to their high levels 
of uncertainty and complexity (Cooper , 2011; Olausson & Berggren, 2010; Sandberg & Aarikka-
Stenroos, 2014; Sommer & Loch, 2004; Sommer, et al., 2009). As described in decision making 
theory, high uncertainty here refers to a lack of understanding by the project team about what factors 
influence the project performance and how they influence it (Edwards, 1954; Milliken, 1987; Pich, 
et al., 2002; Schrader, et al., 1993). While high complexity refers to a large number of factors which 
influence the project and which depend upon each other in non-simple ways (Pich, et al., 2002; 
Sommer & Loch, 2004). These factors are here called variables and can be related to, for example the 
market, the resources, the competitors, the technology, the regulations, to mention but a few (Sommer 
& Loch, 2004; Sommer, et al., 2009). System theory, and complexity theory in particular, explain that 
the project development process aims to reach the maximum project performance by searching for 
the most optimal combination of all the variables which influence the project performance (Pich, et 
al., 2002). During that process, unexpected discoveries about variables can be made which change the 
expectation about the performance outcome of the project (Sommer, et al., 2009). As a result these 
discoveries sometimes require changes to the development process in order to still reach the initially 
expected performance, they may require changes to the performance goal of the project, and they 
may even result in the termination of the project (Cooper , 2011; Dvir & Lechler, 2004; Munthe, et al., 
2014; Sommer, et al., 2009). These changes are here referred to as deviations (Munthe, et al., 2014). 
These deviations may influence the performance of the project in the market, change the required 
development time, and/or reduce the resource efficiency of the development process (Dvir & Lechler, 
2004; Munthe, et al., 2014; Söderholm, 2008; Sommer, et al., 2009). 
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1.2 THE GAP, THE GOAL, AND THE RESEARCH QUESTION 
The high likelihood of making such unexpected discoveries during the development of radical 
innovations makes it impossible for the project team to predict the project performance and to 
determine the activities which are required to achieve that project performance (Sommer, et al., 
2009; Pich, et al., 2002; Schrader, et al., 1993). The uncertainty about the variables of the project 
is therefore directly related to the earlier mentioned organizational success factors for developing 
radical innovations (Valle & Vázquez-Bustelo, 2009). Academics and practitioners have attempted 
to develop theories and methods to improve the ability of organizations to handle the uncertainty in 
radical innovation since those which are used in incremental innovation are found to impede their 
success (Veryzer, 1998; Cooper , 2011). This mainly involves research in order to prevent and deal with 
unexpected discoveries during the development process (Dvir & Lechler, 2004; Chapman & Ward, 
2003; Leifer, et al., 2000; Munthe, et al., 2014; amongst others). 

However, it was found in literature and in this study that organizations still struggle to do so (Sandberg 
& Aarikka-Stenroos, 2014). Many authors argue that more research is required to develop theories 
and methods which help to deal with the uncertainty and complexity in radical innovation (Cooper, 
2011; Leifer, et al., 2000; Ramasesh & Browning, 2014; Veryzer, 1998). One significant gap in the 
existing theory is that it does not yet explain in detail, how and why the project team’s (un)certainty 
about an individual variable’s influence on the project performance changes over time. Taking this new 
perspective on uncertainty would allow us to understand in more detail why and how (unexpected) 
discoveries are made about a variable over time. Increasing this understanding is expected to 
contribute to the existing theories and methods for developing radical innovations by explaining how 
earlier uncertainty reduction about variables could be achieved in order to prevent terminations and 
costly changes to the project. This may help academics and practitioners to reduce their difficulties 
with achieving successful radical innovation. Therefore, the goal of this research is to increase this 
understanding by answering the following research question:

Why and how are individual variables discovered and why and how does the project team’s 
certainty about a variable’s influence on the project performance change over time and cause 
deviations or the termination of the project?

1.3 THE DOCUMENT SETUP
To answer this research question an exploratory research was done by iterating through the four 
steps which are shown in figure 1.1 in the research process on the next page. In accordance with 
this research process, this report will first complement the research definition in Chapter 2. There 
the research methodology is explained which was used to answer the research question. After that 
the following three chapters will answer the research question by presenting the iterative theory 
building step in the research process. The Theoretical Background in Chapter 3 introduces the key 
concepts which are required to answer the research question. The Synthesis of the theory in Chapter 
4 builds propositions from the existing literature which answer how the (un)certainty about the 
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influence of the individual variable changes over time. Finally, the Empirical Analysis & Discussion in 
Chapter 5 complements the theoretical propositions from Chapter 4. It also builds empirically based 
propositions which answer why the (un)certainty about the variable changes over time. In this chapter 
the theoretical and empirical propositions are also discussed in light of previous literature. Chapter 
6 then concludes the report by answering the research question, it discusses the key implications 
of this theory for the existing literature, it provides the key recommendations for the organization 
under study, it presents several suggestions for future research and it explains the limitations of the 
interpretation of the findings of this research. 

Figure 1.1 The research process of the Master Thesis project
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This chapter will explain the research methodology which was designed to answer the research 
question. This research needs to answer “Why” and “How” the (un)certainty about the influence of the 
variable on the project performance changes over time, sometimes up to the point that a deviation or 
termination of the project may be required. Due to the exploratory character of this research question, 
this has been answered with a theory building approach. As Van de Ven (2007) argues, building theory 
requires a continuous iteration between abductive, inductive and deductive reasoning. This research has 
done so through a combination of theoretical and empirical research. That is, a literature review and 
synthesis were done to answer “how” the (un)certainty about the individual variable changes over time 
via theoretical propositions. The empirical research was done to complement and elaborate on these 
propositions via a qualitative case study research (Yin, 2003) and to build propositions about “why” the 
(un)certainty about the variable changes over time. Below the research design is explained in more detail.

2.1 THE THEORETICAL REVIEW AND SYNTHESIS
To answer and sharpen the research question of this research a systematic review of the existing literature 
was done. This review was then condensed into a Synthesis which derived propositions to answer the 
“how” of the research question. The start of this theory building process was a systematic and iterative 
search process involving two complementary search strategies: (1) the keyword strategy and (2) the 
snowballing strategy (Aken, et al., 2012).

The keyword strategy was used to find articles which helped to answer the research question. This 
started with the determination of a list of keywords to guide the search process. This list was the result 
from a search through key articles and discussions with academics and industry experts. This was, 
(1) ”Deviation”, (2) “Strategic changes”, (3) “Unforeseen”, (4) “Unforeseeable”, (5) “Unknown”, and (6) 
“Uncertainty.” These keywords were used to search articles via the “Web of Science” and the “Scopus” 
databases. To guarantee the relevance and the scientific quality of the articles this search was constrained 
in three ways. The article had to focus on radical innovation development projects, which were preferably 
in a high-tech context in large and established organizations, they had to address project management, 
and the impact factor of the journal had to exceed 1,5 and its ABS 2010 ranking needed to be (3) or (4). 
Sometimes exceptions were made when the articles where highly relevant to answer the research question. 
Then the snowballing strategy was used to identify additional articles. When important conclusions were 
found during the analysis of the articles which were initially found , the initial source of that conclusion 
was looked up. This resulted, amongst others, in the identification of systems theory by Von Bertalanffy 
(1950) as an overall explanatory framework. All in all an overview of the results of this iterative search 
process and the scientificness of the used articles are shown in Appendix Aa & Ab. 

The result of the aforementioned search process was the Theoretical Background and the Synthesis in 
Chapter 3 & 4. The propositions in the Synthesis were used as an operational template for the empirical 
research (Yin, 2003). 

2.2 THE EMPIRICAL RESEARCH DESIGN
To answer the research question empirical research was used in two ways. First to find support, reject or 
supplement the theoretical propositions from the Synthesis (Colquitt & Zapata-Phelan, 2007; Van de Ven, 
2007), and second to answer “why” the (un)certainty about the influence of the variable on the project 
performance  changes over time. This was done by building theoretical propositions with a grounded 
theory approach (Glaser & Strauss, 1967). These answers where given by researching the proposed 
causal links in real-life situations (Yin, 2003). The following will explain the research strategy, the unit of 
analysis, the data collection logic, and the interpretation criteria of the findings.
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RESEARCH STRATEGY 
The research design is a logical model of proof which explains a logical sequence which connects the 
empirical data to the initial questions and the conclusions of the research (Yin, 2003). This research 
involves an (1) exploratory study with a research question about why and how operational links develop 
over time, has (2) an inability to manipulate the events, and (3) a focus on contemporary events. These 
characteristics are argued (Van de Ven, 2007; Yin, 2003) to be best handled with a case study research 
strategy. A case study allows to study why and how real-life occurrences are or are not explained through 
the proposed theory. Therefore enabling the researcher to develop, find support, challenge and/or 
supplement the theoretical propositions (Van de Ven, 2007; Yin, 2003). 

UNIT OF ANALYSIS
To understand what the subject of the study exactly is, Yin (2003) explains that the unit of analysis, the 
context, and the time boundaries need to be defined. The unit of analysis, or “case”, is the subject of the 
research. Given the research question an embedded case study design is required. This refers to a case 
wherein multiple units of analysis are researched simultaneously. That is, the research question links a 
radical innovation project under development in a high tech and mature organization, to the changing 
uncertainty about the influence of the individual variable on the project performance. The “case” or unit 
of analysis is therefore defined as the radical innovation project. The sub-unit of analysis within these 
cases is the individual variable. The context of this study is project which are developed in a high tech and 
mature organization. With as time boundaries the start and the end of the project development process. 

Yin (2003) argues that the evidence of multiple case-studies is generally more compelling due to the 
higher robustness of the results. Therefore this research is a designed as a multiple case study. To provide 
compelling support this requires between 6-10 cases (Yin, 2003). To maximize the quality of the multiple 
case study, the case selection needs to enable replication logic for the external validity of the research. 
Therefore the cases which were selected needed to either enable literal replication, which predicts 
similar results, or theoretical replication, which produces contrasting results but for predictable reasons 
(Eisenhardt, 1989; Yin, 2003). Both are of great importance for process theories as the generalizability 
of the theory depends on the versatility of the patterns which are described by the theory (Poole, et al., 
2000). To further prevent distortion in the findings, on top off the aforementioned criteria the cases also 
had to: 

1. Be radical high-tech innovation projects. Because the absence of the high uncertainty and complexity 
which are found in other types of innovations would change the amount of discoveries, unforeseen 
discoveries, and have a lower number of changes in the uncertainty about the influence of the variable. 

2. Be available for research in the time-span between the start and the end of the development process. 
Because cases which are outside of the development process are expected to encounter a far lower level 
of critical discoveries in comparison to during the development process. 

3. Have encountered discoveries which resulted in deviations or termination of the project. Otherwise 
the changes in the uncertainty of the individual variable, the occurrence of the deviation, and the 
changing influence on the projects performance cannot be examined.

4. Be able to meet the data requirements for the validity of the research (Yin, 2003). 

The final case selection was the result of three discussions with different employees in the innovation 
consulting team of the organization under study. This resulted in a pre-selection of ten cases which due to 
limitations in the availability of the data requirement was later reduced to eight. 
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DATA COLLECTION LOGIC 
To ensure a high quality research, the design and execution of the data collection had to ensure the 
construct validity and reliability. This means that the data collection needs to include (1) multiple sources 
of evidence, (2) develop a case study database, and (3) establish a clear chain of evidence (Yin, 2003). The 
following will elaborate on the fulfillment of these requirements. 

First, based on the nature of the question and the process character of the propositions mainly qualitative 
data was collected (Aken, et al., 2012; Eisenhardt, 1989; Van de Ven, 2007). As suggested by Mintzberg 
& McHugh (1985) and Van de Ven (2007), this is complemented with quantitative data via frequency 
counts of the events which are identified in the qualitative data. Note that a process research is preferably 
conducted as a longitudinal study which requires data collection at different points in time. But due to 
practical limitations this was impossible (Van de Ven, 2007). However, this limitation also has a benefit. 
As Van de Ven (2007) argues, since the result of the project is known, the interviewee is better capable to 
distinguish between what is relevant and what is irrelevant. 

In order to meet the triangulation requirement and to increase the construct validity of the research, 
multiple data source types needed to be collected. The types of sources were chosen in order to 
complement their limitations, these are: (1) the interview, (2) documentation, and (3) archival records. 
During the collection, all this data was stored into a case study database to increase the reliability of the 
results.

The (1) interview enables the researcher to develop a thorough understanding about the why of an 
occurrence (Eisenhardt, 1989) by gathering large amounts of descriptive data (Yin, 2003). In this case the 
open-ended type of interview was taken as it allows a guided yet open structure to make the exploration 
of emerging topics possible (Yin, 2003). These interviews were supported with an interview protocol, 
found in Appendix Ac, to increase the reliability of the research. This was under continuous development 
in order to adjust to the emerging insights inherent in the grounded theory approach (Eisenhardt, 1989). 
The selection of the interviewees took into account that multiple interviewees were required for each 
case to reduce the retrospective bias and to account for the specific role which they had in the project. 
Eventually 2-3 interviewees were selected per case and a total of 19 interviews were conducted. For each 
case the project manager and/or senior manager were interviewed and a key project team member. Due 
to the changing interview protocol 13 interviews required additional questioning about the emerging 
insights. Eventually all these interviews have been recorded, transcribed, and sent back for reviewing for 
inconsistencies, errors, or potential objections. Still, a downside of the interview is that it is only a verbal 
report, meaning that it is subject to bias, poor recall, and/or poor or inaccurate articulation (Yin, 2003). 
This downside has been addressed through triangulation with the remaining source types.

Also (2) documentation and (3) archival records were collected about each case. These were used, when 
made available, to triangulate the findings from the data which was collected from the interviews. After 
each interview the interviewee was asked for to provide supportive documents and archival records. 
Unfortunately  these documents where often not provided due to their highly confidential nature. That 
which was collected included administrative documents, communiques, presentations, evaluation 
documents, risk-analyses and other general project information (Yin, 2003). 
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DATA ANALYSIS PRINCIPLES 
The analysis of the data requires a clear strategy in order to treat the evidence fairly, create compelling 
data driven conclusions, and to rule out alternative interpretations (Yin, 2003). The data analysis was 
partly based on pre-developed theoretical propositions, and if not, the proposition was supported with 
theory after it had been derived from the data. This is preferred in case-study research as it enables a 
clear guidance of the research, it allows to examine alternative explanations and it allows to improve 
the generalizability of the proposed theory (Van de Ven, 2007; Yin, 2003). The systematic analysis of 
the qualitative data has been done in accordance with these propositions and was done in four iterative 
phases which are explained below: (1) interpretation of the data, (2) coding of the data, (3) structuring the 
data, and (4) relating the concepts. 

All the interviews have been transcribed for the analysis of the data. The analysis of the cases started 
with structuring and deriving the key aspects out of the data via the ‘coding´. In accordance with the 
suggestions of Miles & Huberman (1994) the approach which was taken for coding the data started with 
a list of codes before commencing the data collection for the existing propositions where the grounded 
theory used an open coding strategy where codes emerged during coding. In Appendix Ad the coding 
scheme shows the key and the sub-concepts which were used to code the data. The coded data has 
allowed the structuring of the data for the analysis. 

To improve the internal and external validity the analytical technique which was used to relate the 
concepts is the program logic model. This model enabled to study the chain of events and to understand 
the causes and effects underlying the chain of events. As Yin (2003) explains this involves a combination 
of pattern matching and time-series analysis. The matched pattern represents a cause and effect pattern 
which is related to a complex chain of events over time. This stipulates the complex chain of events over 
time via the identification of an intervention, the immediate outcomes, the intermediate outcomes, and 
the ultimate outcomes (Yin, 2003). In this research this refers to the discoveries about the variables in 
the project, the changing uncertainty about the variable, and possibly the deviation or termination of the 
project. As Yin (2009) suggests, to improve the robustness of the results the patterns of these chains of 
events of the project and variable cases were cross compared throughout the analysis.

According to Yin (2009, pp. 160-161) to ensure the highest quality analysis the data description and 
interpretation must account for four aspects, it: “(1) should show that you attend to all the evidence, (2) 
should address all major rival explanations, (3) should address the most significant aspect of your case study, 
and (4) should use your own prior expert knowledge in your case study.” The findings chapter will account 
for the first three elements, due to the limitations of the researcher the fourth category can only be 
partially adhered to.

2.3 CONCLUSION 
In accordance with the guidelines described by Van de Ven (2007) and Yin (2003) this research is 
designed as an embedded multiple case study of eight cases in a single organization. With the literature 
review, the synthesis and the empirical research, a theory is proposed which answers the research question 
and satisfies the goal of this research. The rigorousness of this research design and the validity of the 
results of this research are summarized in a table in Appendix Ae. 





13

H3. THEORETICAL 
BACKGROUND



14

This chapter provides the theoretical background to explain the core concepts which are required to 
answer the research question of this project. This includes three main paragraphs: variables in relation to 
the project performance, deviations and terminations and their influence on the project performance, and 
uncertainty in radical innovation. 

3.1 VARIABLES IN RELATION TO THE PROJECT PERFORMANCE
The research question requires an understanding about the relationship between the performance defining 
variables in the project, the performance outcome of the project, and the development process. Systems 
theory, and in particular complexity theory, were therefore identified as an explanatory framework for this 
research. Von Bertalanffy (1950) is considered as one of the founders of general systems theory which has 
originated from the field of Physics and Biology. In short, general systems theory explains an organism as 
an open system of components in which import and export may change its components (Von Bertalanffy, 
1950). The ´system´ principle lies in the fact that the factors in the organism are interdependent. This 
makes that the organism can be in steady state, disequilibrium or growing state. Mingers & White (2010) 
have synthesized the literature on systems theory into four key characteristics: (1) a system is a set of 
diverse interrelated factors in a certain environment, (2) the relationships between the factors are more 
determining for the behavior of the whole system as the factors themselves, (3) a system is a hierarchy 
of factors with mutual causality within and between the levels, and (4) especially in social systems, 
people will act with different purposes and rationalities. The applicability of general systems theory in 
management science was recognized from the start and has resulted in a wide spread of research and 
applications in organizations, strategy, production and operations, innovation, and others (Kapsali, 2011; 
Mingers & White, 2010).

Due to the uncertain and complex character of radical innovation projects(Olausson & Berggren, 2010; 
Pich, et al., 2002; amongst others) understanding the aforementioned relationships is best described by 
a specific stream within systems theory which was introduced by Kauffman & Levin (1987), complexity 
theory. Kauffman & Levin (1987) and Kauffman (1996) explain that the elements of an organism 
determine the fitness of that organism in comparison to its near variants on a fitness landscape. On 
population level, those which lie on a higher point in the landscape are more likely to survive and have 
offspring. On organism level it explains that differences in the traits of the organism may change its 
fitness (Kauffman, 1996). This evolutionary process is influenced by the complexity of the organism. The 
complexity makes it more difficult to find the peaks in the performance landscape as the peaks are weakly 
correlated (Kauffman & Levin, 1987; Sommer & Loch, 2004). This fitness concept for an organism was 
explored on an organizational level by Levinthal (1997) whom researched organizational processes in 
relation to the changing fitness of the organization and its fitness in comparison to its competitors. Pich 
et al. (2002), Sommer & Loch (2004), and Sommer et al. (2009) used the same concept to research the 
influence of the development process as an evolutionary process in order to understand the ability to find 
the highest peak in the performance landscape of a complex and uncertain project. The performance of a 
project was therefore considered as a function of the (1) variables which influence the performance, and 
(2) the dependencies between those variables (Pich, et al., 2002; Sommer & Loch, 2004). They explain that 
the eventual position of the project on the performance landscape is the result of the project development 
process and those whom are involved in that process. These variables can be related to for example the 
market, the resources, the competitors, the technology, the regulations, to mention but a few (Sommer & 
Loch, 2004; Sommer, et al., 2009).
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In coherence with the performance function and the organizational success factors for innovation 
(Valle & Vázquez-Bustelo, 2009) the performance of a radical innovation project is here defined as 
a combination of: (1) the process performance for the organization in terms of the time, and the 
required resources in relation to the resource benefit, combined with (2) the product performance for 
the customer in terms of a product with superior performance (Dvir, et al., 2003; Dvir & Lechler, 2004; 
Sommer, et al., 2009; Valle & Vázquez-Bustelo, 2009). As a result, the highest peak in the performance 
landscape (Kauffman, 1996) for a radical innovation project here refers to the most optimal product 
performance in the market achieved via a most optimal process performance. For the performance 
in the market and the process performance this is considered as the performance of the product in 
relation to the alternative solutions in the market and the time, cost and return in comparison to the 
other projects in the organization of similar innovativeness (Pich, et al., 2002; Sommer & Loch, 2004; 
Sommer, et al., 2009). 

Pich et al. (2002) relates the project performance outcome to the development process by explicitly 
researching the influence of different types of process activities of the project team. In particular the 
organization is expected to influence the activities of the project team as it periodically assesses the 
project for its expected process and project performance, and whether the direction of the project 
fits with the strategy of the organization (Cooper , 2008). The organization therefore determines the 
direction for the project and establishes a certain target performance (Browning, et al., 2006; Cooper 
, 2008; Dvir, et al., 2003; Kapsali, 2011; Pich, et al., 2002). The project management of the project 
team plans a direction and process of activities to reach the maximum project performance, monitors 
whether that process achieves its targets, and adjusts the direction, process, and targets when required 
(Howell, et al., 2010; Pich, et al., 2002; Sommer & Loch, 2004; Sommer, et al., 2009). This is done to 
enable the project team members to effectively find the maximum project performance. 

But, radical innovation projects face extremely high levels of uncertainty and complexity (O’Connor & 
Rice, 2013). Uncertainty is here explained as an incomplete understanding about that which influences 
the project performance and how it influences the project performance. As Sommer & Loch (2004) 
explain, high uncertainty makes that the project team does not know all the possible outcomes of the 
project or the activities. While high complexity refers to a large number of factors which influence the 
project and which depend upon each other in non-simple ways. Complexity therefore increases the 
difficulty to understand the influence of the activities on the project performance (Pich, et al., 2002; 
Sommer & Loch, 2004). As a result the project team is unable to know where the highest peak in the 
landscape exactly is, what the performance on that highest peak exactly is, and how that peak can 
be reached (Sommer, et al., 2009). This makes that the development process may have to deal with 
discoveries about the variables or relationships which were not expected (Pich, et al., 2002; Sommer 
& Loch, 2004; Sommer, et al., 2009). As Pich et al. (2002) explain, these discoveries may result in 
a change of the expected project performance which would result from the planned process and 
direction. The consequence may be that changes are required in the process, the direction or even the 
target of the project (Dvir & Lechler, 2004; Pich, et al., 2002). These changes are studied in a specific 
stream in literature which explains the required changes, their influence on the project performance, 
and their necessity for the successfulness of radical innovation projects. 
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3.2 DEVIATIONS OR TERMINATIONS AND THEIR INFLUENCE ON THE 
PROJECT
Several authors have researched discoveries which require changes during the development process. 
These refer to these changes as: strategic changes (Nichols-Nixon, et al., 2000), deviations (Munthe, 
et al., 2014), revisions (Söderholm, 2008), or peripeties (Engwall & Westling, 2004). In some cases 
these discoveries or a sequence of discoveries may even result in holding or terminating the project 
(Cooper , 2011). In accordance with Pich et al. (2002), Munthe et al. (2014) explains that unanticipated 
discoveries may cause that the expected outcome of a planned activity will not be achieved within 
the planned time and resources. If this discrepancy is solved within the initially planned time and 
resources, no deviation is required. As Aggeri et al. (2007) and Munthe et al. (2014) explain, a 
discovery only becomes a deviation when this is exceeded due to: (1) the time which is taken between 
the discovery and addressing it, and/or (2) the time which is required to solve the influence of the 
discovery. 

The influence of deviations on the project performance varies. The differences are argued to depend on 
the discovery itself and the ability of the project team to optimize the influence of the discovery on the 
project performance (Dvir & Lechler, 2004; Hällgren & Maaninen-Olsson, 2005; Munthe, et al., 2014). 
Depending on these determinants, discoveries can sometimes even permanently influence the project 
performance. As this changes the position of the project on the performance landscape this may 
sometimes influence the survival of the project (Cooper , 2011; Dvir & Lechler, 2004). The influence 
of the discovery here refers to the degree at which it changes the expectation about the project 
performance which was initially expected to result from the direction, the planned activities and the 
time and resources (Keizer, et al., 2002; Pich, et al., 2002; Sykes & Dunham, 1995). The discovery can 
either increase or decrease this expectation (Ramasesh & Browning, 2014), and in those cases where 
this influence requires changes which cannot be achieved with the initially planned activities, time and 
resources, a deviation is required.

Depending on the ability of the project team, the increasing or decreasing expectation about the 
project performance can be influenced, and thus the likelihood of the survival of the project can be 
influenced. Their ability to deviate here refers to their ability to find an effective and efficient deviation 
which: for a decreasing expectation refers to improving the expected project performance above 
the minimally targeted project performance (Dvir & Lechler, 2004; Keizer, et al., 2002; Munthe, et 
al., 2014), and for an increasing expectation refers to realizing the potential increase. As Keizer et 
al. (2002) explain this ability depends on their ability to influence the source of the discovery in the 
performance function, the availability of alternative directions and/or alternative processes, and the 
time and resource which are required to do so. The project team can perform different actions to make 
a deviation, each of which has a different influence on the project performance and therefore explains 
a different ability to deviate. These actions are explained from two different perspectives. (1) Dvir & 
Lechler (2004) explain it in terms of process or direction changes in order to change the expectation 
about the project performance. (a) Process changes only have an influence on the process performance 
of the project as the activities, time and/or resources are changed to optimize the performance. 
Therefore the initial direction can be maintained and the dropped project performance was only 
temporary. (b) Direction changes however, have a stronger influence on the project performance as 
the direction of the project changes and therefore mostly also the expected product performance 
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changes. On top off the direction changes, also the process performance is influenced as direction 
changes inevitably require process changes. (2) Munthe et al. (2014) explains the required activities 
in terms of the changes which can be made in the performance function to optimize the influence of 
the discovery: (a) the subsystem, (b) the relation between subsystems, (c) subsystem direction change, 
or (d) project direction change. The last two changes are most influential for the project performance 
as they required direction changes as well as changes to the planned process. The subsystem and 
relationship change are routine problem solving activities which only require process changes and 
generally do not influence the product performance. 

The ability to optimize the influence of the discovery thus heavily depends on whether process or 
direction changes are required, and the ability of the project team to minimize the influence of these 
changes (Dvir & Lechler, 2004). Sometimes the project team is incapable to optimize the influence of 
the discovery on the project performance or it requires a significant change in the process performance 
or the direction of the project. Since the strategic alignment of the project with the organization is of 
key importance (Cooper , 2008) the survival (Kauffman, 1996; Pich, et al., 2002) of the project also 
depends on the willingness of the organization to accept a lower process or product performance or 
whether it still sees a fit between the direction and the organizational strategy (Cooper , 2008). 

But discoveries and deviation are not necessarily bad for the project performance. Better yet, due to 
the uncertain and complex character of radical innovation they are a necessity (Dvir & Lechler, 2004; 
Nichols-Nixon, et al., 2000). No matter how much attention to detail is involved in the preparation of 
the project before development, the actual development of the project will involve deviations from the 
planned process or the direction and often also the performance targets (Howell, et al., 2010; Nichols-
Nixon, et al., 2000) Nevertheless, deviations enable learning in the project which allows it to readjust 
to the changes which are required due to the wrong initial interpretation of the reality (Munthe, et al., 
2014), and/or as a result of changes in the reality during development (Dvir & Lechler, 2004; Nichols-
Nixon, et al., 2000). 

But, many projects make discoveries which could have been done earlier, even those which required 
deviations or even terminations (Loch, et al., 2008; Ramasesh & Browning, 2014). Since Lenfle (2011) 
concluded that the costs of changing are lower at the beginning. Also complexity theory (Sommer & 
Loch, 2004) shows that it is more difficult to make changes later in the development as the complexity 
rises when the project progresses (Ramasesh & Browning, 2014). Therefore it is argued that the 
sooner the discoveries and deviations are done, the lower their influence will be on the performance 
of the project. In those cases where these discoveries cannot be done earlier, the ability to reduce the 
influence of the deviation on the project performance benefits greatly from determining alternative 
directions and processes when planning the project. These are argued to help identify and react 
quickly to the required changes (Chapman & Ward, 2003; Keizer, et al., 2002; Sykes & Dunham, 
1995). However, in radical innovation such preparation is impossible because of its typical uncertain 
character which makes it impossible to explicitly prepare for these discoveries (Sommer, et al., 2009). 
As a result radical innovation is more likely to require deviations and even terminations (Cooper , 
2011; Olausson & Berggren, 2010). To understand this impossibility, a more in-depth understanding 
about uncertainty is required. In particular about the different types of uncertainties, their different 
potential for discoveries, and the ability to reduce their influence on the project performance.
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3.3 UNCERTAINTY IN RADICAL INNOVATION
In literature there is broad consensus that the cause for these discoveries and deviations is uncertainty 
(Edwards, 1954; Dvir & Lechler, 2004; Levinthal, 1997; Loch, et al., 2008; Munthe, et al., 2014; O’Connor 
& Rice, 2013; Schrader, et al., 1993; amongst others). However, uncertainty and all its possible variations 
have been defined differently across literature: amongst others risk (Edwards, 1954; Chapman & Ward, 
2003; amongst others), uncertainty (Schrader, et al. 1993; O’Connor & Rice, 2013; amongst others), and 
ambiguity (Schrader, et al., 1993, Sommer, et al., 2009; amongst others). In organizational research these 
different concepts refer in the broadest sense to a difference between the information an organization 
has and the information it needs (Galbraith, 1973; Schrader, et al., 1993). Below it is explained what is 
considered as uncertainty in radical innovation. 

The basis behind these concepts is explained in decision making theory, in particular Edwards (1954) 
whom synthesized the available literature into three types of decision making situations with a certain 
level of information (in)completeness (Schrader, et al., 1993). The (1) risk-less situation involves a 
decision wherein which one can maximize the utility of the decision without any chance that the 
outcome in the future is different from the initial decision. The (2) risk situation involves a situation 
where one can maximize the expected utility of the decision based on accurate probability distributions 
about the possible outcomes of the decision. And the (3) uncertain situation involves a situation where 
one can only maximize the expected utility based on a situation where no generally accepted probability 
exists about the possible outcomes. However, the risk-less and risk situation are not applicable in radical 
innovation (Schrader, et al., 1993) and the uncertain decision making situation seems inadequate 
for describing the information deficiency of radical innovation projects. Milliken (1987) extends the 
definition of uncertainty and explains it in terms of three types of information deficiencies: (1) whether 
the future state of the world will have a different influence on the project performance, (2) whether a 
future change will have an influence on the project performance, and (3) about the available activities 
and/or the influence of these activities on the project performance.

In accordance with these definitions Schrader et al. (1993) adds a vital yet missing element which is 
found in radical innovation. They explicitly perceive the information deficiency in the decision making 
situation from the perspective of the performance function. As mentioned, the performance of a radical 
innovation project is described by its performance function of (1) all the variables which influence 
the project performance, and the (2) relationships in between the variables (Levinthal, 1997; Pich, et 
al., 2002; Sommer & Loch, 2004). Uncertainty in radical innovation projects thus refers to a lack of 
information about the relevant variables themselves and the activities which are available. But Schrader et 
al. (1993) uses the ambiguity concept to add that project teams also lack the information about whether 
and how variables influence the project performance and each other (Schrader, et al., 1993; Sommer & 
Loch, 2004). Thus, due to the uncertainty in a radical innovation the project team is unable to identify 
all the relevant variables, their influence on the project performance, and their relationships. This limits 
their ability to determine the direction, the process of activities, the required time and resources, and to 
have an accurate expectation about the project performance outcome (Pich, et al., 2002; Schrader, et al., 
1993; Sommer & Loch, 2004; Sommer, et al., 2009). As mentioned before, after the decision for a process 
and direction the information which was lacking about the variables in the performance function may be 
discovered by the project team. Such a discovery may involve information of or about the variables and/
or of or about the relationships between the variables (Milliken, 1987; Pich, et al., 2002; Schrader, et al., 
1993; Sommer, et al., 2009). 
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These types of uncertainty can be accounted for by the project team differently in terms of reducing 
the likelihood and the influence of discoveries during the development. To make these differences 
insightful, several types of uncertain variables have been identified in the decision making situation of 
a radical innovation project. Each of which has a different potential for discoveries and each must be 
dealt with differently. An overview of these types can be found in table 3.1.

 The most basic categorization in uncertainty is the difference between foreseen (Ramasesh & 
Browning, 2014) or unforeseen variables in the uncertain performance function (Keizer, et al., 2002; 
Loch, et al., 2008; O’Connor & Rice, 2013; Pich, et al., 2002; Ramasesh & Browning, 2014; Sommer & 
Loch, 2004; Sommer, et al., 2009). The foreseen variable refers to a variable about which the project 
team has identified that it will or may influence the project performance. However, they are uncertain 
about its exact influence and/or whether it will influence the project performance or not (Ramasesh 
& Browning, 2014). This is caused by the fact the project team has no or an incomplete understanding 
about its value(s), and/or its relationship(s) in the performance function and/or they are not certain 
about whether future discoveries may change its influence (Milliken, 1987). In line with Sommer 
et al. (2009) here the value(s) of the variable are referred to as the range of variations which can be 
made with the contribution of the variable in the performance function which explains the different 
influences which it may have on the project performance while the other variables in the project are 
kept constant. The incomplete understanding mentioned here also directly refers to and introduces 
the unforeseen variable category. An unforeseen variable is a variable which influences the project 
performance or will influence the project performance in the future but which has not yet been 
identified by the project team. Within this unforeseen category there is a differentiation between 
foreseeable (Keizer, et al., 2002; Ramasesh & Browning, 2014; Sommer, et al., 2009) and unforeseeable 
(Loch, et al., 2008; Ramasesh & Browning, 2014; Sommer & Loch, 2004; Sommer, et al., 2009) 
variables. The unforeseeable variable refers to an unforeseen variable which could not possibly have 
been identified by the project team by that point in time. No amount of action would have converted 

Table 3.1 The variable types in uncertain project performance functions
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this variable into a foreseen variable as the foreseeability does not depend on the ability of the actors 
in the project (Ramasesh & Browning, 2014). The other sub-category of the unforeseen variable is the 
foreseeable variable. The foreseeable variable represents an unforeseen variable which could have been 
foreseen before that point in time but which has not been foreseen (Ramasesh & Browning, 2014). 

Regarding each of these variable types, reducing the likelihood that unexpected discoveries occur or 
that they have a negative influence on the project performance requires different approaches. To deal 
with a foreseen variable the influence of the variable on the project performance can be accounted 
for through the broadly applied risk and opportunity management techniques as, amongst others, 
described by Chapman & Ward (2003). When identified the project team can make a subjective 
estimate about the potential influence of the variable on the project performance, and the likelihood 
that it will influence it in a probabilistic sense. This enables the project team to determine which 
variables are most important for the project performance. Based on the expectations about the 
influence the project team must predetermine alternative directions or processes and assess preventive 
actions in the case the influence of the variable turns out negative. Finally to reduce the influence of a 
discovery later in the project they must formulate standardized responses for anticipated discoveries 
about the variable (Chapman & Ward, 2003; Keizer, et al., 2002; Pich, et al., 2002). Although this assist 
dealing with foreseen variables, this is not sufficient in radical innovation as it is bound to include 
foreseeable and unforeseeable variables. In principal, dealing with unforeseen variables cannot possibly 
be accounted for in the decision making directly (Edwards, 1954; Loch, et al., 2008; Pich, et al., 2002; 
Ramasesh & Browning, 2014; Sommer, et al., 2009; Schrader, et al., 1993). Such a variable is seen as 
an unrecognized assumption which introduces a whole new variable in the performance function. 
This most likely changes the expected project performance and it even has the potential to become 
very critical for the survival of the project upon discovery (McGrath & MacMillan, 1995; Munthe, 
et al., 2014). As argued by Pich et al. (2002) the only way the actors can account for such variables is 
indirectly with a process which has the flexibility to allow for deviations during the development in 
terms of the direction, the process, and even the performance targets (Loch, et al., 2008). Sommer et 
al. (2009) shows empirically that this requires either a trial-and-error learning process and/or parallel 
trials in order to effectively uncover and handle unforeseen variables. 

Still, as Loch et al. (2008) argue the influence of unforeseen variables is expected to be reduced by 
assessing where the project is likely to encounter them. This can be achieved by structuring the project 
into subsystems wherein gaps in the information can be assessed. As a result the project team can 
determine the type of uncertainty of each subsystem. This enables them to address them according 
to the foreseen or the unforeseen variable category. This is argued to minimize the influence of the 
discoveries on the project as the influence of the deviation is reduced. Finally, some of the unforeseen 
variables can be prevented from being discovered after the decision for a direction and process has 
been taken. This depends on the competence of the actors in the development process in terms of 
their knowledge, skills, and related routines which enable them to identify all the variables which 
influence the performance (Atuahene-Gima, 2005; Keizer, et al., 2002; Ramasesh & Browning, 2014). 
This competence cannot make all the influence variables foreseen as certain variables are by definition 
unforeseeable for the project team at that point in time. But, as mentioned earlier the effect of the 
earliest discovery of these variables is expected to significantly reduce the influence of the discovery on 
the performance of the project as it can be more effectively accounted for during the decision (Keizer, 
et al., 2002; Lenfle, 2011; Levinthal, 1997; Ramasesh & Browning, 2014).
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3.4 THE NEED FOR FUTURE RESEARCH
As shown, literature on uncertainty is comprehensive in terms of theories and methods to deal with 
the different types of uncertainty when managing projects. However, the literature also explains that 
organizations still struggle to do so (Sandberg & Aarikka-Stenroos, 2014). Many authors argue that 
more research is required to develop theories and methods which help to deal with the uncertainty 
and complexity particularly in radical innovation (Cooper , 2011; Leifer, et al., 2000; Ramasesh & 
Browning, 2014; Veryzer, 1998). One significant gap in the existing theory is that it does not yet 
explain in detail, how and why the project team’s (un)certainty about an individual variable’s influence 
on the project performance changes over time. Taking this new perspective on uncertainty would 
allow us to understand in more detail why and how the (unexpected) discoveries are made about a 
variable over time. Increasing this understanding is expected to contribute to the existing theories and 
methods for developing radical innovations by explaining how earlier uncertainty reduction about 
variables could be achieved to prevent terminations and costly deviations to the project. The remainder 
of this research will therefore fill this gap by answering the research question: 

Why and how are individual variables discovered and why and how does the project team’s 
certainty about a variable’s influence on the project performance change over time and cause 
deviations or the termination of the project?
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H4. SYNTHESIS
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This chapter will answer “How” the (un)certainty about an individual variable changes over time. To 
do so, the theories described in the Theoretical Background on uncertainty in decision making and 
complexity theory were synthesized. 

As concluded before, decisions during radical innovation projects concern uncertain variables of three 
different types: the unforeseeable, the foreseeable, and the foreseen variable (Keizer, et al., 2002; Loch, 
et al., 2008; O’Connor & Rice, 2013; Pich, et al., 2002; Ramasesh & Browning, 2014; Sommer & Loch, 
2004; Sommer, et al., 2009). The approaches which were mentioned to handle these types of uncertain 
variables indicate that these individual variables may change in their uncertainty over the course of the 
development (Chapman & Ward, 2003; O’Connor & Rice, 2013; Ramasesh & Browning, 2014; amongst 
others). More concretely, they explain that the understanding of the project team about the influence 
of the variable on the project performance may increase after the decision, up until the point where 
the influence of the variable on the project is considered to be known. Therefore, as it is generally 
acknowledged in literature, the (un)certainty of the project team about the influence of the variable 
on the expected project performance may change over time (Ramasesh & Browning, 2014; Sommer, 
et al., 2009). However, this changing uncertainty is here described in terms of transitioning through 
four specific states. The types of uncertain variables in the decision then represent the different states 
of (un)certainty through which any variable in the project may move over time up until it becomes 
known. That is, it is expected that after starting a project a variable which is unforeseeable for the 
project team becomes foreseeable at a certain point in time (Loch, et al., 2008; Ramasesh & Browning, 
2014), may then be foreseen to influence the project performance (Schrader, et al., 1993; Sommer, et  
al., 2009), and when it has been foreseen the understanding about the influence of the variable may 
increase (Keizer, et al., 2002; Ramasesh & Browning, 2014), and eventually its influence on the project 
performance may become known by the project team. From this conclusion about the changing states 
of the uncertainty of a variable I propose that:

Proposition 1. During the development of a radical innovation a variable can transition through four 
different states of (un)certainty: (1) unforeseeable, (2) foreseeable, (3) foreseen, or (4) known. 

For variables which are in the foreseen state the uncertainty about their influence on the project 
performance may change over time. This changing uncertainty occurs due to the discoveries which 
are made about the influence of the variable on the project performance. Derived from the project 
performance function by Pich et al. (2002), the discoveries which can be done about a foreseen 
variable arise from the aspects which explain its possible influence(s) on the project performance: its 
value(s), and/or its relationship(s) with other variables in the project (Kauffman, 1996; Levinthal, 1997; 
Loch, et al., 2008; Pich, et al., 2002; Sommer & Loch, 2004; Sommer, et al., 2009). 

As described by Sommer et al. (2009) the full understanding about the performance function and 
thus the aspects of each variable make it possible to understand the influence(s) which the variable 
has or may have on the project performance (Sommer, et al., 2009). Therefore the completeness of 
the understanding of the project team about these aspects of the foreseen variable represent the (un)
certainty. From these conclusions I propose that:

Proposition 2. The certainty about the influence of a foreseen variable on the project performance can 
change due to two types of discoveries: (1) discoveries about relationship(s) with other variables and (2) 
discoveries about its possible value(s).
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These two propositions explain “How” the (un)certainty about the influence of an individual 
variable changes over time. It does so via the identification of the four states of (un)certainty and 
the determination of the sources which determine and change the (un)certainty about the variable. 
Together these propositions represent the theoretical model as it is depicted in figure 4.1. However, 
while it answers “How” the (un)certainty changes, it does not yet provide an answer to “Why” a 
variable may transition through these states of (un)certainty. In order to answer the entire research 
question the next step is therefore an empirical research to support and complement the two 
propositions which explain “How“ the (un)certainty changes, but also to answer “Why” it transitions 
through the states of (un)certainty. The latter was done by developing propositions from the data.

Figure 4.1 The States of (un)certainty about the individual variable and the ‘Why’ questions which remain about 
the transitions in the process.
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H5. EMPIRICAL 
ANALYSIS & 
DISCUSSION



28
Table 5.2 The determinants of the transitions of the variables through the states of (un)certainty

Table 5.1 The deviations in the projects
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This chapter will further build the theory to answer the research question of this project by answering 
both “How” and “Why” the (un)certainty about a variable changes over time. This was done by 
analyzing the results of the data which was gathered from the case studies. 

To establish a clear chain of evidence, as argued by Yin (2003), the results of the data collection are first 
briefly summarized. These results were analyzed to assess the earlier two propositions which explain 
“How” the (un)certainty about the variable changes over time. This was done by determining whether 
the data supports the propositions or whether they needed to be adjusted or rejected. Therefore the 
general patterns in the data are compared and the boundaries and exceptions with regards to these 
patterns were determined. The eventual analysis and the final propositions were then concluded with a 
discussion about the propositions and findings in light of the previous literature.

Support was found for these two propositions about the states of (un)certainty model and therefore 
it was used to answer “Why” a variable transitions through these states. This was done by building 
theory from the case data with a set of propositions. These propositions are derived by synthesizing the 
key empirical findings from the data and providing support for these findings with excerpts from the 
individual cases. All these propositions explain the determinants which are found for what enables or 
inhibits the transitions of the variable through the different states of (un)certainty. These determinants 
were then synthesized to answer which transition in the model is influenced by which determinant(s). 
Again, the analysis and the propositions were then concluded with a discussion about the propositions 
and the findings in light of the previous literature.

Finally the data also presented several propositions about the benefit and dangers of uncertainty 
reduction in relation to the project performance and the deviation and termination decision. Again 
these propositions are argued by synthesizing the key empirical findings from the data and providing 
support for these findings with excerpts from the individual cases. Also here the analysis and the 
propositions were concluded with a discussion about the propositions and the findings in light of the 
previous literature. 

5.1 RESULTS
The case study research included a total of eight radical innovation projects within a single 
organization. These have been researched from the time of their initiation up until the time of the 
interview and in some cases up until their termination. Within these project cases: 14 deviations, 2 
holds and 5 terminations have been identified, as found in table 5.1. The analysis of these deviations, 
holds, and terminations has resulted in the identification of a total of 70 variables. These variable cases 
have been analyzed to validate and develop new theory which is represented in table 5.2. 

Table 5.1 is an overview of the transitioning determinants which have been identified to enable or 
inhibit variables from transitioning through the states of (un)certainty. These determinants are divided 
in variable properties and the determinants of the organization and the project team. Each 1 in this 
table represents whether that influence factor was found in the project case. Note that this table does 
not state whether something went right or wrong, it solely explains that it influenced a transition of 
one or more variables.

Table 5.2 presents the amount of deviations which have been identified for each case. From these 
deviations the majority of the variables are identified to understand their development over time. In 
total 14 deviations were identified, 2 holds, and 5 kills. 
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5.2 THE STATES OF (UN)CERTAINTY 
This paragraph will explain the findings about the propositions for “How” the (un)certainty about 
the variable changes over time. That is, in the majority of the cases a variable moves through the four 
proposed states in the way as it was proposed from theory. Still, several unique patterns have been 
identified in the data which further support the proposed model. 

With reviewing the variables which have been identified in the project cases, the changing certainty 
of the variable on the project performance is indeed described via the proposed model (e.g. Q1). The 
explanations of the interviewees about how the uncertainty about the variable changed clearly argue 
for the existence of the different states of (un)certainty and the transitions between them. That is, the 
four states of the proposed theory align with the empirical descriptions about how the uncertainty 
about the influence of the variable on the project performance changed over time.

(Q1) “The discussion started somewhere around May [2yrs. after starting] where the variable was first 
flagged by the lead customer. The expectation of the team we were working with was that it would be 
difficult but they expected no issue … so until July everything seemed to be on green light. So in July it 
became known that the variable was negative but it was not indicated to be a showstopper and really at 
the last moment the lead customer decided that they would not go ahead.” 

The interviewees descriptions about the variables explain that they transition through the states in 
a sequential way. That is, at the start of the project a variable is either unforeseeable, foreseeable, 
or foreseen by the project team. Depending on their initial state, they mostly transition through 
the remaining states of (un)certainty up until becoming known. When the project is then finished 
successfully, it is expected that the majority of the variables is considered to be known. While in those 
cases where the project was terminated unsuccessfully this was not necessarily the case. 

The data shows that the aforementioned transitions are explained as follows: (1) from unforeseeable to 
foreseeable it was related to the fact that the project team became able to discover that a variable which 
may, or does, influence the project performance exists, (2) from foreseeable to foreseen was the result 
of the initial discovery that a variable could potentially influence the project performance, (3) and 
from foreseen to known is the result that the influence of the variable on the project performance has 
become known. 

Close examination of the transition behaviors across the variables shows that they generally move 
through this process as previously described. However at very different times and very different levels 
of uncertainty about their influence. Also four exceptions were found in the transition behavior of the 
variables which seem to explain the boundaries of the proposed model. (1) Some variables skipped 
states when they transitioned due to a discovery. More specifically, some variables transitioned from 
(a) unforeseeable to foreseen (e.g. Q2). This behavior was explained due the ability of the team to 
instantly foresee the variable which had just become foreseeable as they developed the information 
themselves. (2) Regarding variables in the foreseen state, the reduction about their uncertainty on the 
project performance could not always be achieved. In many cases the uncertainty about the influence 
of the variable was even quite dynamic and sometimes even unexpectedly. More specifically, many 
variables of which the certainty about their influence was relatively high became very uncertain 
again at a later point in time (e.g. Q3 and Q4) due to a discovery of a foreseeable variable or a new 
relationship. This discovery reduced the understanding about the initially highly certain variable and 
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therefore increased the uncertainty about its influence on the project performance. In some cases the 
variables (3) did not transition all the way through the model. Mostly this meant that they remained in 
the phase of (a) foreseen because the influence of the variable on the performance kept fluctuating (e.g. 
Q5). Some variables also remained (b) in the foreseeable phase as the project team did not account 
for the variable in the decision making, even in the case where certain team members expected it to 
influence the project performance (e.g. Q6). Although impossible to identify in the data, it is expected 
that there are variables which remain stuck in the (c) unforeseeable phase as the information never 
becomes available. (4) Interestingly an important exception was found in the data which seems to 
contribute to the changing influence of the variable on the project performance. A small amount of 
cases shows a difference in the perception of the interviewees about the phase in which a variable was 
at a certain point in time. That is, whether a variable was unforeseeable, foreseeable, or foreseen at that 
point in time. This difference in opinion was found between the people who were in the project team at 
that point in time, people who entered the project at a later point in time, and/or people who had more 
distance from the project (e.g. Q7 & 8). 

(Q2) “Well as soon as we discovered this technology, from that moment on it was clear that we needed to 
do that test to get the approval, so it was directly foreseen.”

(Q3) “All the information we had, indicated that it worked … we knew it worked because you could 
simply buy the technology, so you could not have foreseen this. The data was available that it worked, 
so you can never foresee it, you could have known it a little earlier when you would have done trust but 
verify.”

(Q4) “Well, I saw that the downstream knowledge of the fabrication of the product [which was initially 
verified to be in-house by multiple internal sources] was partly knowledge of the customers of our internal 
partner.”

(Q5) “yeah well, you know that the energy prices are unstable [foreseen variable]. It went down really 
fast because the government suddenly changed their policy. So yeah that [the causation variable] was 
an unforeseen which had a strong impact” [on the variable energy price, which impacted the project 
performance].

(Q6) [the requirement for a critical technological property] “That could have been uncovered with a 
theoretical exercise. We have foreseen it, but much later. A number of people have warned about it from 
the outset but ok.”

(Q7) [the availability of the resource; could have been foreseen] “No I think that they underestimated 
that, I think they even ignored it at that moment… . I think they could have at least foreseen the variable.” 
Compared to another team member (Q8): 

(Q8) [the availability of the resource; could not have been foreseen] “All the information we had, indicated 
that it worked … we knew it worked because you could simply buy the technology, so you could not have 
foreseen this. The data was available that it worked, so you can never foresee it, you could have foreseen it 
a little earlier when you would have done trust but verify.” 

As these exceptions can be explained within the boundaries of the theory the earlier concluded 
proposition (1) is further supported by the data:

Proposition 1: During the development of a radical innovation a variable can transition through four 
different states of (un)certainty: (1) unforeseeable, (2) foreseeable, (3) foreseen, or (4) known. 
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In support of proposition 2 the data shows that when a variable is foreseen, there are two ways in which 
discoveries have changed the influence of that variable on the project performance. Those changes which 
originated from a discovery (1) about the influence of the variable itself, and in the majority of the cases, 
those which resulted from (2) discoveries about other variables which were directly or indirectly related 
to the variable (e.g. Q9). As proposed earlier, the source of these discoveries which may change the 
influence of the foreseen variables is (1) the new understanding that a certain variable will influence or 
may potentially influence the project performance, an (2) increased understanding about value(s) of the 
variable, and/or (3) an increased understanding about relationships between the variables in the project 
(e.g. Q10).

(Q9) [a variable of the product became a critical argument for the lead customer due to changes in the 
environment] “A key benefit in the value proposition, variable b, suddenly became a potential risk for the lead 
customer because the sentiment was changing against the variable over the last years which increased the 
amount of litigations.”

(Q10) “The discussion started somewhere around May [2yrs. after starting] where the variable was first flagged 
by the lead customer. The expectation of the team we were working with was that it would be difficult but 
they expected no issue … so until July everything seemed to be on green light. So in July it became known that 
the variable was negative but it was not indicated to be a showstopper and really at the last moment the lead 
customer decided that they would not go ahead. … This was related to an increasing trend in litigations which 
was explained to relate to their decision” 

From these conclusions the earlier concluded theoretical proposition (2) is further supported by the data:

Proposition 2. The certainty about the influence of a foreseen variable on the project performance can change 
due to two types of discoveries: (1) discoveries about relationship(s) with other variables and (2) discoveries 
about its possible value(s).

These two propositions build and extend upon the literature of decision making theory (Edwards, 1954; 
Milliken, 1987; Schrader et al. 1993; amongst others) and complexity theory (Kauffman & Levin, 1987; 
Levinthal, 1997; Pich et al. 2002; amongst others) through the perspective of the individual variable in 
the performance function. This theory explicated and integrated the different theories on uncertainty 
by amongst others Milliken (1987), Schrader et al. (1993), and Pich et al. (2002), and adds to our 
understanding by researching the changing uncertainty about the individual variable in the performance 
function over time. Two particular conclusions add to our previous understanding about uncertainty 
reduction in complex systems. First it adds to the theory of Pich et al. (2002) and Sommer et al. (2009). 
By explicitly researching the individual variable this theory explains in more detail how the project 
performance and the uncertainty about the project performance develops and changes over time. The 
main contribution of this perspective is that it shows the variety of different transition behaviors of the 
variables in the model in terms of their time and speed of transitioning through the states. This finding is 
also expected to contribute to the organizational perspective on systems thinking by Levinthal (1997) and 
the original biological theory by Kauffman & Levin (1987). The second contribution is that it shows that 
there are different perceptions about the states and levels of uncertainty between interviewees. In particular 
in those cases where there is a difference between those whom are directly involved in the project and 
those whom perceive it from more distance or in retrospect. This adds to the understanding of Ramasesh & 
Browning (2013) on what determines foreseeable and unforeseeable uncertainty as it shows the difficulty to 
assess in retrospect whether a variable was foreseeable or not, especially without knowing the context. 
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5.3 THE DETERMINANTS OF THE STATES OF (UN)CERTAINTY
With understanding “How” variables typically or non-typically transition through the four states 
of (un)certainty and how the (un)certainty about them can change, this paragraph will use this 
understanding to explore “Why” the variables transition through the states of (un)certainty. Therefore 
this paragraph will explain what enabled or inhibited variables from transitioning through the states. 
These determinants of the transitions are later synthesized in relation to each transition between the 
four states of (un)certainty. 

The data indicates two main categories which inhibit or enable the variables from transitioning 
through the states of (un)certainty: the (1) properties of the variable, and the (2) determinants of the 
organization and the project team. Table 5.3 summarizes all the determinants which were identified 
in the data and it shows how often these determinants were identified across the project cases to show 
how often they were found across the cases. The remaining will use the data to explain the influence of 
these determinants in relation to the transitioning behavior of the variable.

THE VARIABLE PROPERTIES:
First the properties of the variable. These are here defined as those aspects which may differentiate 
the variable from the other variables in the system in terms of enabling or inhibiting them from 
transitioning through the states of (un)certainty. Here three different variable properties are identified 
to explain the differences between the transitions of the variables: the information character of the 
variable, the relationships of the variable, and its uncertainty category. Below these types are explained 
in detail.

Table 5.1 The determinants of the transitions of the variables through the states of (un)certainty
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1. THE INFORMATION CHARACTER OF THE VARIABLE
The primary inhibitor or enabler of transitions is the character of the information about the influence 
of the variable on the project performance. A variable could only transition from one phase to another 
when the information about the influence of the variable had become available for the project team. 
Which here refers to the information about its existence, its value(s) and it(s) relationships. The data 
shows four different aspects about the variables information character which enabled or inhibited the 
foreseeing and/or reduction of the uncertainty about the variable. That is, the information could be 
(1) incomplete in many ways (e.g. Q11),(2) could be ambiguous (e.g. Q12), (3) change over time (e.g. 
Q13), (4) or be difficult to influence (e.g. Q14). Therefore enabling or inhibiting the project team from 
understanding the influence of the variable on the project performance at that point in time. Therefore 
it becomes impossible, more difficult, or more easy to foresee the variable or reduce the uncertainty 
about it.

(1) The information completeness primarily determines whether a variable is enabled or inhibited 
to be foreseen or whether the project team can reduce the uncertainty about it. In the most extreme 
situation the information cannot be made available at that point in time as it does not yet exist (e.g. 
Q11). This makes the variable unforeseeable as the information about its existence or influence could 
not possibly have been collected up until. When the information then becomes available, being 
complete or not, the variable will transition from unforeseeable to foreseeable. When it is foreseeable 
the project team can foresee the variable and their ability to do so also seems to depend on the 
completeness of the information. When the information is only partly available it becomes more 
difficult to foresee than in the case that the information is broadly available. When the variable is then 
foreseen and in the foreseen phase, the remaining uncertainty about its influence is determined by the 
completeness of the information about the value(s) and relationship(s) of the variable (e.g. Q15). This 
incompleteness can result from a lack of information or the inability of the project team to recognize 
the information which is available at that point in time. A variable then transitions to known when 
project team has full understanding about all the information about the variable´s influence on the 
project performance outcome. 

(2) The ambiguity of the information about the influence was also identified to explain the different 
transition behaviors of the variables. The ambiguity is here referred to as the level of incoherence or 
unspecificness (e.g. Q12) of the information about the influence of the variable, , or information which 
is contradictory. The higher the ambiguousness of the information, the more difficult it becomes 
to have a clear understanding about the influence of the variable on the project performance. It is 
therefore found to inhibit the reduction of the uncertainty about the variable. It also seems to reduce 
the ability to foresee a variable as it becomes more difficult to recognize and understand the influence 
of the variable on the project performance. 

(3) For many variables the information about the influence did not necessarily remain the same over 
time. In multiple cases it was found to change incidentally or even remain dynamic during the process 
(e.g. Q13). Sometimes these changes were anticipated, but in multiple cases this was not the case. As a 
result it makes it harder or even impossible for the project team to foresee a variable or to reduce the 
uncertainty about its influence. 
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(4) Between the variables also the influencability of the source of the information was found to 
influence the transitions. In the most extreme case this referred to variables which could not transition 
even though the information about its influence existed. The project team simply could not influence 
the source of the information to make it available, not at this point in time or in the future of the 
process. In this case the project team simply depended on the decision of the source of the information 
to make it available (e.g. Q14, Q16). However, the majority of the variables represent a less extreme 
variant. The team could not make the information available at that point in time but could in the 
future. This was often related to a change in the competences or a cooperation with the source of the 
information (e.g. Q17). The influencability therefore enabled or inhibited the transition of a variable 
from unforeseeable to foreseeable, from foreseeable to foreseen, and with reducing the uncertainty 
about the foreseen variable. A special condition regarding the influencability was often specifically 
mentioned in the interviews, the Intellectual Property (IP). Even if one can influence the source of 
the information, sometimes one cannot reach out to the source or is inhibited because the limited IP 
protection may threaten the continuation of the project (e.g. Q18). 

(Q11) “We thought that the benefit of this product is bigger than it actually is but we did not have that 
information when we bought the company.”

(Q12) [concept testing with the customer at an early point in time] “then you get these vague answers, 
and then you have to talk to a lot of customer and remain open minded and also remain alert on negative 
things.”

(Q13) “yeah well, you know that the energy prices are unstable [foreseen variable]. It went down really 
fast because the government suddenly changed their policy. So yeah that was an unforeseen which had a 
strong impact.”

(Q14) [during development, the strategic take-over of the development partner] “No those kinds of things, 
those are listed companies, you can’t foresee that because that is just simply announced when it happens.” 

(Q15) “And then we got the confirmation, it is in the materials, not that the product cannot technically be 
achieved but it is in its materials. innovations had to be done in the field of the materials.”

(Q16) “Now if governments decide they will stop their subsidies, then most likely the benefit is not enough. 
You will still improve the performance, but the benefit is lower and the value of our product is reduced. 
And we don’t have any influence on it.”

(Q17) “Our strategy was really, we do a few technology tests which are very expensive, and then we 
will just see together with a partner if it works in a real life situation. Whether it is even feasible such a 
product.” 

(Q18) “I often hear that, and that is also sometimes confirmed indeed, yes but we need to file the IP first 
… we want to file the IP first and then we will talk to external parties because we want to be protected.”

While each of these four information aspects have been identified in previous literature, this research 
aggregated them and explicitly researched the influence on the transitions through the states of (un)
certainty. (1) The completeness of the information supports the general definition of uncertainty 
in terms of a certain degree of missingness of the information which is relevant for the decision, by 
Edwards (1954), Galbraith (1973), Milliken (1987), Nonaka (1994), Pich et al. (2002), Schrader et 
al. (1993), amongst others. As Schrader et al. (1993) and Ramasesh & Browning (2014) proposed, 
(2) the ambiguousness of the information about the project makes it more difficult to see what the 
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relevant variables and their relationships are. Therefore the ambiguity about the information about 
the variable is expected to contribute to the inability to foresee or reduce the uncertainty about it. 
With regards to (3) the changing information, Ramasesh & Browning (2014) proposed that when the 
information about the variables in the project is dynamic it is more likely to encounter unforeseen 
discoveries during the project. This effect is enforced, as Nonaka (1994) argued, by the continuously 
changing environment of the project which leads to a ‘fluctuating’ stream of information. Regarding 
the individual variable, the changing nature of the information about the variable is therefore expected 
to make it more difficult to foresee it or to reduce the uncertainty about it. Finally, (4) the influence of 
the project team on the source of the information. This finding finds support in the theory of Pich et al. 
(2002) and in particular by Winters (1987). Winters (1987) identified three types of influences which 
the project team can have on a variable. The differences between these types indicated that, even if a 
project team wants to influence the variable, they are not always able to do so on the short term and 
sometimes not even on the long term. In this theory the influencability of the variable is related to the 
disclosure of the information about the influence of the variable. In combination with the theory of 
Winters (1987) the influencability is therefore also expected to enable or inhibit a variable to transition 
through the states of (un)certainty as it limits the information availability. The combination of these 
four factors add to our understanding about the information character of the individual variable. 
From these conclusions I propose that the transition of a variable through the states of (un)certainty is 
influenced by:

Proposition 3.1a: A variable is enabled or inhibited to transition at that point in time because of the 
information about its influence, in terms of: (a) the completeness or (b) ambiguousness, whether the 
information (c) changes over time, and (d) whether the source of the information is under the influence 
of the project team or organization. 

2. THE RELATIONSHIPS OF THE VARIABLE
The data indicates that certain variables are inhibited from transitioning due to the number and 
strength of the relationships of the variable with the other variables in the project, also referred to as 
the complexity of the variable. The complexity of the variable is found to increase the difficulty of the 
project team to understand the influence of the variable or combination of variables on the project 
performance because the relationships make it more unpredictable. This unpredictability significantly 
decreases the ability to transition a foreseeable variable to foreseen, and more even from reducing the 
uncertainty about the foreseen variables (e.g. Q19). 

(Q19) “and preferably not too big, because too big will create very much complexity which creates a lot of 
uncertainty.”

Complexity has been widely recognized in literature to contribute to the difficulty of understanding 
the variables and their relationships in a project. In particular Ramasesh & Browning (2014) relate this 
to the increased likelihood of encountering unforeseen discoveries during the project. In particular, 
Pich et al. (2002), Schrader et al. (1993), and (Sommer, et al., 2009) explains this as a result of the 
influence of complexity on the system. It reduces the ability of the project team to understand all the 
variables, their relationships, the possible outcomes, and to determine the influence of the activities on 
the project performance. The complexity is therefore argued to increase the likelihood of discovering 
previously unforeseen variables or relationships between foreseen variables. Therefore it is expected 
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that also the complexity of the variable in terms of its number and strength of its relationships has a similar 
influence on this likelihood. These findings build and add to our understanding about the influence of 
complexity by attributing it to its influence on the ability to foresee or reduce the uncertainty about the 
individual variable. From these conclusions I propose that the transition of a variable through the states of 
(un)certainty is influenced by:

Proposition 3.1.b: A variable is enabled or inhibited to transition at that point in time because of the (a) 
number and (b) strength of its relationships with the other variables.

3. THE UNCERTAINTY CATEGORY OF THE VARIABLE
The data shows that reducing the uncertainty about the variables in the project is very different in terms 
of the timing of the transitions, the required time and resources, the competences and experience of 
the project team, and even the possibility of foreseeing or the uncertainty reduction (e.g. Q20). These 
differences seem to be partly described by the four different categories of uncertainties which were 
identified in the standard risk assessment tools of the organization: the technology, the market, the 
organization, and the resource variables. The variables within these categories interact. Interestingly 
this interaction sometimes meant that reducing the uncertainty about a variable in a certain category 
sometimes increased the uncertainty about a variable in another. For example, when reducing the market 
uncertainty it could increase the technological, resource and/or organizational uncertainty (e.g. Q21). 

(Q20) “For the team this market uncertainty was a complete surprise because they did not test it in a realistic 
way and because they did not have the required knowledge, so the team could have foreseen this.”

(Q21) “we wanted to combine the pilot with realizing the required performance and that is the never ending 
split. How fast do you want returns and results? … This is a balancing act, the faster and wider you go costs 
time and resources, which if it goes wrong, you lose more, while if you go slower and more controlled, you 
cannot reach the required performance.”

These categories align with the four categories of uncertainty in radical innovation which were identified 
by O’Connor & Rice (2013) via a grounded theory case study research. Their theory explains that reducing 
the uncertainty about a radical innovation project and the different uncertainty categories indeed had very 
different characteristics and also that the categories interacted with each other. During the development, 
the focus of the project team seemed to be continuously shifting between the variables across these 
categories. Therefore it seems to support that these categories indeed represent a key differentiator to 
enable or inhibit the transitions. The empirical conclusions here add to that understanding by explaining 
that the variables in each category seem to have a different transitioning behavior through the states of 
(un)certainty. But also that they were found to require very different determinants from the organization 
and the project team. From these conclusions I propose that the transition of a variable through the states 
of (un)certainty is influenced by:

Proposition 3.1.c: A variable is enabled or inhibited to transition at that point in time because of the 
uncertainty category of the variable, in terms of: (a) the technology, (b) the market, (c) the organization, or 
(d) the resources. 

Combined these three propositions (P3.1.a-c) represent the variable properties which determine the 
boundary conditions of the ability of the organization and the project team to transition the variable 
through the states of (un)certainty. 
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THE DETERMINANTS OF THE ORGANIZATION AND THE PROJECT TEAM
The second determinant of the transitions through the states of (un)certainty are the determinants of 
the influence of the organization and the project team. These determinants are those aspects of the 
organization and the project team which explain the difference between the transitions of variables 
in the system as they enable or inhibit them to transition through the states of (un)certainty. Here 
seven different determinants were identified which explain the differences between the transitions of 
the variables: the project goals, the acceptance of uncertainty, the flexibility, the stability, the processes 
and tools, the competence and experience of the project team and the team composition. Below these 
determinants are explained in detail.

1. THE PROJECT GOALS
The data indicates that the direction, the performance target of the project, and the fit of these with the 
goal of the organization, were often a reason for an inhibited or enabled transition for certain variables 
in the project. The required direction of the project sets certain boundary conditions which determine 
which variables are relevant and which are not. As a result, it enables and inhibits certain variables 
from transitioning in terms of foreseeing or reducing the uncertainty about foreseen variables. In 
particular the variables which are on the edges of the direction are sometimes found to be more 
difficult to recognize or are not or cannot be incorporated when they are discovered (e.g. Q22). 

The performance target influences the transitions as it sets a minimal performance for the project. 
It therefore directly influences the uncertainty about the variables in the project. The higher the 
performance target the more difficult it is to find a variable and a composition of the variables which 
result in a project performance which exceeds that (e.g. Q23). Therefore it requires more effort to 
foresee variables and to reduce the uncertainty about them. In particular the process performance 
target influences the ability to foresee and reduce uncertainty. It sets the boundary conditions for the 
amount of time and resources which can be invested to foresee and/or reduce uncertainty about the 
variables in the project. Interestingly the process performance target and the uncertainty reduction 
were often considered as a contradictory requirement. The organization wanted the project team to 
reduce the uncertainty about the project, while at the same time the project team needed to realize 
this within the process performance target. Since the development of this understanding was generally 
associated as a costly, timely, and often inefficient endeavour, this created conflicting situations. In 
some cases it was found that the costs of failures of the learnings about these uncertainties where 
not easily accepted, and that they even created additional organizational and resource uncertainty in 
the project (e.g. Q24). But it also sometimes resulted in a prioritization which was considered as sub 
optimal for the process or for the project performance (e.g. Q25).

Note that changing the direction and the performance targets also influence the transitions. Continuity 
enables the project team to follow through on the initial process and direction, given that they do not 
make any disruptive discoveries. However, when the organization changes the performance targets 
or the direction for the project, it may result in changes in the transitions of certain variables in the 
project. When a top down direction change was enforced the project team had to include, exclude, 
and re-prioritize the variables in the project as the uncertainty about them changed (e.g. 26). When 
the targeted performance changed it influenced the transitions of the variables because the available 
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time and/or resources changed. This could also entail a different performance level requirement of 
the foreseen variables, inevitably changing the uncertainty about those variables (e.g. Q27). In some 
cases this even resulted in the elimination of certain uncertainty reducing activities as it was otherwise 
impossible to meet the time and/or resource requirements. 

(Q22) “Well we had a few discoveries about opportunities which, had we also invested time and resources 
outside of our focus, would have been foreseen, but you want to focus to reduce those core uncertainties”

(Q23) “To contribute to the performance target of the organization and be competitive in the market we 
decided to launch into the low margin high volume business … achieving that price level resulted in a very 
high technological uncertainty in this project” 

(Q24) “well sometimes I need to make a deviation as I am learning, but this is not easily accepted as it is 
not always understood that we are still learning that we could not have foreseen that. Still we should also 
must not invest too much to learn because it also sometimes tilts the other way.”

(Q25) “we wanted to combine the pilot with realizing the required performance and that is the never 
ending split. How fast do you want returns and results? … This is a balancing act, the faster and wider 
you go costs time and resources, which if it goes wrong, you loss more, while if you go slower and more 
controlled, you cannot reach the required performance.”

(Q26) ”we started with product property 1, eventually due to development we ended up with a different 
technology to achieve property 1. It also led to a type of market which the organization was slowly 
retracting from. All in all it evolved into a direction which did not fit the organization anymore”

(Q27) ”In principal we would reach process milestone 1 in month x. But due to certain reasons we heard 
yesterday [from top management] that we have to reach process milestone 1 6 months earlier while we do 
not yet comply”

The influence of the goal of the project on the project’s uncertainty has been found in several sources 
in literature. Schrader et al. (1993) propose that the importance of the compatibility with the goal of 
the organizational is essential for the project, and that it steers the process of uncertainty reduction. 
As Browning et al. (2006) and Chapman & ward (2003) explain, the goals of the project are an integral 
part of the system where uncertainties can arise from in the project development process. In particular 
Chapman & Ward (2003) explain these ‘motives’ of the project as an important contribution to the 
uncertainty in the project development as it is related to the other uncertain variables in the project. 
Therefore also the changes in these goals are expected to have a strong influence on the uncertainty 
about the other variables in the project. Interestingly, Ramasesh & Browning (2013) also support 
the finding that the goals can have a negative influence on the ability to foresee new variables. They 
propose that this depends on the ‘pathological intensity’ which aims to maximize the output of the 
project through focusing the time and resources. Also the finding that uncertainty reduction seems to 
be a contradictory requirement with the project goal finds support. O’Connor & Rice (2013) showed 
that the increasing resource requirement seems to increase the uncertainty of the project. While 
Sandberg & Aarikka-Stenroos (2014) show that the project team and the organization desire to reduce 
the uncertainty about the project. Therefore the project team seems to increase the uncertainty in 
one part of the uncertainties categories in order to reduce it in another part. As this balance might 
leave critical variables unnoticed, this seeming contradiction possess an important challenge in 
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radical innovation management (O’Connor & Rice, 2013). This research therefore contributes to 
these conclusions by showing the influence on the individual variables in the project. From these 
conclusions I propose that the transition of a variable through the states of (un)certainty is influenced 
by:

Proposition 3.2a: A variable is enabled or inhibited to transition at that point in time because of the 
goals of the project which are set by the organization in terms of (a) the direction of the project and its 
(b) performance targets. 

2. THE ACCEPTANCE OF UNCERTAINTY
The data also shows that the acceptance of uncertainty about the different variables and their 
uncertainty types enabled or inhibited the transition of the variables. Due to the uncertainty 
acceptance level about a variable or uncertainty category, the desire to foresee or reduce the 
uncertainty about particular variables was different. In particular a difference was found between 
the project team members and between the organization and the project team. Within the project 
team (e.g. Q28) this influence seems to be explained by the difference in competence and experience 
between the project team members and their acceptance of uncertainty about variables from 
different uncertainty categories. When the uncertainty category of the variable did not align with the 
competence or experience of the team member, the acceptance of the uncertainty about its influence 
seemed to be different from those which did. Sometimes also a difference was found between the 
organization and the project team (e.g. Q29). This difference was mainly found in the trade-off 
between uncertainty reduction in the technological and market uncertainty and the expected increase 
of uncertainty in the organization or resource variables. Additionally, the acceptance of the uncertainty 
about certain variables and uncertainty categories seemed to change over time. At the start of the 
project, a much higher level of uncertainty was accepted while later in the project more certainty 
was required about the critical variables (e.g. Q30 or Q31). At times, this was even enforced by the 
organization by setting process or performance targets on an ad hoc basis in order to rapidly create 
more certainty about a variable or set of variables (e.g. Q32). All in all, these differences influenced the 
amount of time and resources which were required and invested to foresee or reduce the uncertainty 
about certain variables in the project. As the resources are limited, this limited or enabled certain 
variables in comparison to other variables in the project. 

(Q28) [late discovery of a critical variable] “That could have been uncovered with a theoretical exercise. 
We have foreseen it, but much later. A number of people have warned about it from the outset but ok. 

(Q29) “That test that was X amount of resources, if you are going to do that with a story that you are not 
certain whether it is going to work, you will not get permission as they will send you back to first do some 
small trials and come back later. ... That means that you get a lot of delay in your process.”

(Q30) “You have to be careful with how much you invest to reduce uncertainty because you cannot 
compare learning with how start-ups work, the investment here is higher and sometimes we invest large 
sums of money before having the slightest form of certainty about the investment. So we should allow a bit 
more learning but also stop investing before we have learned.”

(Q31) [could have been foreseen earlier] “well we could have done more research to verify whether our 
certainty about the variable was just, and then you just get disappointed. … but all the information we 
had indicated that it worked … we knew it worked because you could simply buy the technology”

(Q32) “well we wanted to test whether we were on the right track with our customer and therefore we set a 
hard process performance target”
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The differences in uncertainty acceptance between individuals and parties is widely addressed and 
supported by literature in psychology and project management. In psychology Kahneman & Tversky 
(1987) explain that there are differences in risk taking behavior between individuals, and Cialdini et al. 
(1995) show that individuals differ in their desire for linearity and consistency in their endeavours. In 
project management this difference is described by Cox (2008) amongst others. Cox (2008) explains 
that in an analysis of the uncertainties in the project, the different team members have a subjective 
interpretation about the uncertainty. At times this was found even to lead to opposing conclusions 
between the team members about the uncertainty of the same variable. Also Chapman & Ward 
(2003) indicate the existence of this difference. In accordance with the findings they explain that 
there are differences in particular in relation to the step in the process, and between the parties which 
are involved in the project. Here, this difference in acceptance level is related to the influence on the 
transition behavior of the individual variable and thus adds to our current understanding. From these 
conclusions I propose that the transition of a variable through the states of (un)certainty is influenced 
by:

Proposition 3.2b: A variable is enabled or inhibited to transition at that point in time because of the 
organizations´ and project teams´ acceptance of uncertainty about the influence of the variable. 

3. THE FLEXIBILITY
The data also shows that when discoveries are made that the differences in flexibility to make changes 
in the direction, the planned process, or the performance targets influenced the transition behavior 
of the variables. That is, when discoveries where made this flexibility was required to be able to 
adjust the direction and/or the planned process when it was necessary to optimize the expected 
project performance. Therefore it often changed the prioritization across the variables, inhibiting 
and enabling certain variables from transitioning. The willingness to make changes differed between 
the cases, in particular in relation: to the timing, the required change, the expected influence on the 
project performance, and also between the organization and the project team. The flexibility to make 
changes seemed to reduce over time and especially with regards to the direction or the performance 
target. In particular in those cases when a project had already made several deviations over time the 
willingness to make changes seemed to decrease particularly strong over time. This also showed that 
sometimes due the length of these developments a sequence of small and seemingly harmless changes 
to the direction of the project slowly reduced the strategic fit over time (e.g. Q33). Interestingly, the 
flexibility to deviate was also different depending on the expected influence and the required changes. 
In particular if an opportunity was discovered or whether a threat to the project performance was 
discovered. The data shows that an opportunity with great potential for the project performance 
was sometimes disregarded when it was on the boundaries of the direction of the project. On the 
other side, the flexibility to change for a threat to the project performance was much higher as the 
organization and the project team wanted to minimize the losses for the project (e.g. Q34). Finally, in 
some cases the project team seemed to have a higher willingness to adjust to the opportunities while 
the organization limited these as they argued that it would reduce the focus of the project team on the 
initial direction. All in all the flexibility changes the priorities of the uncertainty reduction across the 
variables. These differences therefore enabled and inhibited different variables from transitioning. In 
some cases even to the level that the uncertainty about certain variables could not be reduced anymore 
as a discovery required more time and resources which did not match with the process performance 
targets. 
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(Q33) ”we started with product property 1, eventually due to development we ended up with a different 
technology to achieve property 1. It also lead to a type of market which the organization was slowly 
retracting from. All in all it evolved into a direction which did not fit the organization anymore”

(Q34) “There has always been a clear drive from top management to focus, we are going to do one thing, 
and that is what we are going to make successful. That focus has advantages because you can accelerate, 
the drawback is that if something critical happens, you are in deep trouble.”

Flexibility in project management has been a topic which has received broad attention in literature, 
especially with regards to managing uncertain projects. Huchzermeier & Loch (2002) explained 
success in project development in terms of the differences in flexibility in projects with different levels 
of uncertainty. While low uncertain projects where found not to benefit from flexibility, in highly 
uncertain projects, although being costly, flexibility was found to be a necessity. In support of these 
conclusions Sommer & Loch (2004) and Sommer et al. (2009) empirically concluded that the processes 
which were more flexible were better suited for making discoveries and deviations in comparison to 
the planned and more inflexible processes. Finally, the difference which was found in the different 
tendency between opportunistic discoveries and threatening discoveries finds support. Chapman & 
Ward (2003) concluded in particular that opportunities are not always represented in the uncertainty 
analysis tools. Finally, also from a psychological perspective the different uncertainty acceptance may 
be explained. In particular with regards to the earlier introduced differences in preference for linearity 
and continuity by Cialdini et al. (1995). Therefore this theory adds by explicitly relating the difference 
to the influence on the uncertainty about the individual variable. From these conclusions I propose 
that the transition of a variable through the states of (un)certainty is influenced by:

Proposition 3.2c: A variable is enabled or inhibited to transition at that point in time because of the 
flexibility of the organization and the project team to deviate from the (a) project’s direction, (b) the 
performance targets, or the (c) planned activities. 

4. THE STABILITY
The data also shows that instability in the organization in which the project is developed and/or the 
project team which is developing the project sometimes influences the transitions of the variables. 

When a project is acquired from outside of the company (e.g. Q35), thus changing the organization, 
or when a project is placed in another unit in the organization (e.g. Q36), the other determinants 
which are mentioned here often change. These changes therefore often lead to a re-prioritization of 
the uncertainty reduction across all the variables in the project. Interestingly, this sometimes made 
previously unforeseeable variables foreseeable as the influencability on the source of the information 
changed. Therefore it was found to change the ability of the project team to foresee foreseeable 
variables and to reduce the uncertainty about foreseen variables. 

When changes take place of the employees in the project similar changes were found but mostly with a 
less influential impact as the changes on an organizational level. The data shows four types of changes 
of individuals which occurred in the project: the senior manager of the organization (e.g. Q37), the 
project manager (e.g. Q38), the team members (e.g. Q39), or externally acquired team members would 
enter or leave (e.g. Q40) the project:
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(1) The data shows that when the supporting senior manager (e.g. Q37) in the organization or that 
(2) the project manager (e.g. Q38) changed, often changes were made in the prioritization of the 
variables. On one side this allowed a critical reflection on the variables in the project. However, an 
important downside was that it sometimes created experience gaps in the project which resulted from 
the preceding development of the project. These changes therefore often involved a change in the 
priorities of the uncertainty reduction due to changes in the direction and the activities in the process. 
The data also shows that changes in the team members of the project team influenced the transitions of 
the variables. Due to (3) the changes of employees in the project team or (4) the internal and external 
additions to the project team. These changes mostly changed the competences and experiences of the 
project team. As a result sometimes the perception about the uncertainty of the foreseen variables 
changes which changes the prioritization of the time and resources across the variables. Therefore it 
enabled and/or inhibited the project team to transition other variables from foreseeable to foreseen 
and to reduce the uncertainty about foreseen variables. Especially when these changes occur regularly 
in the project team it seems to leave certain variables unforeseen while other variables may be enabled 
to be foreseen or the uncertainty reduced about them (e.g. Q41).

(Q35) “When we did the due diligence for that company we and that company were convinced that the 
technology was most applicable for a certain market. After developing a while we did a few deviations 
which were different as we had initially expected.”

(Q36) [the internal transition from BU1 to BU2] “What happened down the road was that we as 
Company X said good bye to the internal partner. So we ended up hiring people from the same group but 
they had other priorities. They were much more down to earth, trying to survive within the company and 
outside of it, focusing on the exit value of the project”

(Q37) “In this project the project owner switched during the states. I think that it brings instability 
through the states and also a lot of knowledge and experience have to be rebuilt again.”

(Q38) ”The manager whom was going to manage that project stepped out of the project with a burn-out. 
After that the priorities in the project shifted”

(Q39) ”I entered the project when it had just been launched in the market and I saw those variables 
during the first period of starting”

(Q40) ”As I mentioned, the partner changed from partner to lead customer at a certain point in time. 
Therefore the risk profile of the project came to us”

 (Q41) ”well that competence we need to hire from the community of employees with that competence. 
This gives a difficult dynamic which, especially when you needed to make deviations, creates additional 
uncertainty in the project.”

O´Connor & Rice (2013) support the former conclusions as they show that changes in the project 
team, its management, or the senior manager of the organization can be considered as organizational 
uncertainties. These uncertainties may cause discontinuity in the development process and may 
therefore enable or inhibit the uncertainty reduction about certain variables in the project. Chapman 
& Ward (2003) showed that this influence may be related to the changes which they make in the 
goals for the project. As a result, changes of individuals or involved parties in the project may change 
the uncertainty reduction priority in the project. Ramasesh & Browning (2014) even explain that 
these kinds of changes or ´dynamics´ may increase the likelihood that unforeseen discoveries are 
encountered. This may also be attributed to the conclusion of Ramasesh & Browning (2014) that 
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the different experiences and competences of the project team change the likelihood of discovering 
unforeseens. As Nonaka (1994) explains the difference between individuals in projects, it supports the 
finding that the changes of these individuals may change the ability of the project team to foresee or 
reduce uncertainty about foreseen variables. Combined this adds to our understanding by explaining 
these dynamics in relation to the individual variables. From these conclusions I propose that the 
transition of a variable through the states of (un)certainty is influenced by:

Proposition 3.2d: A variable is enabled or inhibited to transition at that point in time because of the 
stability of the (a) organization and the (b) project team’s (b1) management, and (b2) team members.

5. THE PROCESSES AND TOOLS
The data also showed that the processes and tools which are used by the project team influence the 
transitions of the variables. The processes and tools impose a certain focus on a particular set of 
activities and/or variables and they allow for a certain amount of flexibility during the execution 
(e.g. Q42). The processes and tools therefore enforce a certain prioritization of uncertainty reduction 
across the variables, differing from a selective to a holistic approach (e.g. Q43). In a selective approach 
the project team focuses their time and resources on a small set of variables which is considered to 
be particularly relevant. The holistic approach addresses the majority of the variables at once. This 
difference is mainly found in relation to the uncertainty categories of the variables where the holistic 
approach focuses the uncertainty reduction on many variables across the categories. The downside 
of a holistic perspective is that it may inhibit the speed and level of uncertainty reduction as the 
resources are thinly spread across the variables or that a large resource or organizational uncertainty 
was required to reduce all these uncertainties. The selective approach on the other hand enables a rapid 
transition of a small set of variables while the other variables are not directly addressed. This difference 
also applied to the tools which were used in these approaches. These were sometimes argued to have 
reduced the uncertainty about certain variables and helped to foresee others when used in time (e.g. 
Q44). These processes and tools therefore  entail a different ability to foresee variables or reduce the 
uncertainty about them.

 (Q42) [developing the technology in parallel] “As I said, at the beginning we did a very broad scouting to 
evaluate about 25-30 options on their expected performance on variable 1, whether they matched variable 
2, and whether they matched variable 3 … from this 2 base routes where chosen to develop further.”

(Q43) “typically at this stage in the process you don’t go after all the details of the uncertainties, typically 
in that process you start with those particular uncertainties in a late stage while we did it from the start. 
Therefore we knew all those uncertainties early on”

(Q44) “The tool was used in a very late stage while that should have been an argument to change the 
initial route to the market”

The use of different processes and tools have been an important subject to improve success with 
uncertain project development in project management literature. As mentioned earlier they relate 
this to the flexibility which those process types allow during execution (Sommer, et al., 2009), but also 
to the focus in the project development process. As O´Connor & Rice (2013) concluded, disruptive 
discoveries can arise from each uncertainty category and therefore the attention of the project team 
should be spread across the categories during the development process. During the development 
process they, and Munthe et al. (2014), therefore shift the focus continuously to those variables across 
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the uncertainty categories about which problems have occurred or about which problems are expected. 
But, as Ramasesh & Browning (2013) propose, too much focus in the process on certain variables may 
increase the likelihood that unforeseen discoveries are encountered about variables which are outside 
of the focus. The difference between a more holistic or selective approach is therefore expected to 
influence the ability to foresee or reduce uncertainty about foreseen variables. The usage of particular 
tools in the project development is also argued to influence uncertainty reduction. Raz et al. (2002) 
researched this in particular with regards to the uncertainty reduction tools in relation to the success 
of the project. They explain that the success of the project depends on the application of the tools in 
relation to the level of uncertainty in the project. Therefore the usage of different tools are expected 
to have a different influence on the ability to foresee or reduce uncertainty about foreseen variables. 
This research therefore contributes to these conclusions by showing the influence on the individual 
variables in the project. From these conclusions I propose that the transition of a variable through the 
states of (un)certainty is influenced by:

Proposition 3.2e: A variable is enabled or inhibited to transition at that point in time because of the 
processes and tools which are used by the project team. 

6. THE COMPETENCE AND EXPERIENCE OF THE PROJECT TEAM
The data clearly shows that a key transition determinant is the competence and experience of the 
project team members. The competence here refers to the ability to transition the variable from 
foreseeable to foreseen or to reduce the uncertainty about the foreseen variables. The experience of the 
team member here refers to the amount of experience with doing so. The data shows different effects 
of a strong or weak competence or experience on the transitioning of the variables. In particular a 
difference was found with regards to their uncertainty category and the particular transition. That is, 
whether it transitions from foreseeable to foreseen or whether it concerns the uncertainty reduction 
about a foreseen variable. 

When the competence and experience for transitioning the variable are strong several effects are 
found in the data. It seems that the accuracy of the understanding about the uncertainty of the 
variable is higher, that the understanding about the required activities to reduce the uncertainty is 
higher, and that the ability to foresee or reduce the uncertainty about the variable is higher (e.g. Q45). 
Therefore a strong competence and experience seems to reduce the time and resources which are 
required for uncertainty reduction. However, also a downside was mentioned of a strong competence 
and experience. Sometimes certain variables were not considered to be relevant for the project 
performance and sometimes the understanding about the uncertainty of the variable was lower 
because previous experiences found that them to be irrelevant for the project performance. However, 
since this involves radical innovation, these were then later found to be relevant in this unique case 
(e.g. Q46). 

The data also shows that the newness of the project makes that the required competence and 
experience are often weak or even missing in the project team. This influences the transitions in at least 
four ways. (1) It increases the difficulty to foresee a variable or reduce the uncertainty about it (e.g. 
Q47). (2) Sometimes it lead to wrong conclusions about the relationship(s),value(s) and/or influence 
of the variable on the project performance. Making it more difficult to understand the influence and 
uncertainty about the influence of the variable on the project performance (e.g. Q48). Sometimes, in 
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hindsight, it was concluded that it had led to a more inefficient prioritization across the variables and 
even to the neglection of certain variables which were outside of the competence and experience of 
the project team. (3) It also makes it more difficult to recognize that a competence is weak or missing 
(e.g. Q47). This was especially the case when the competence was new and/or outside of the project 
teams competences. As a result it either took more time and/or resources to transition the variable 
or at even made it impossible to transition the variable. (4) Finally, it makes it more difficult to 
determine the competence and experience level of others (e.g. Q49). Sometimes this lead to an over- 
or underestimation of the competence and experience of others. Resulting in a slower or more costly 
uncertainty reduction and sometimes even in additional unforeseen variables in the project. 

Still, sometimes the influence and uncertainty about the variable are not assessed accurately partly 
due to the different competences and experiences in the project team. As a result sometimes a (1) 
misperception (e.g. Q50) or (2) misalignment about the uncertainty of the variable was found in the 
project team (e.g. Q51). Sometimes this resulted in an under- or overestimation of the uncertainty 
about the variable which changed the priority of the variable in comparison to the other variables. 
Such false perception was found in between two extremes. In several cases, (1) variables were found 
about which the project team had initially expected that they were very important for the project 
performance. But later these turned out to only limitedly influence or not to influence the project 
performance at all (e.g. Q52). On the other hand, (2) also variables were found about which the initial 
expectation was that the variable had a very low influence on the project performance. However, 
they turned out to be very influential at a later point in time (e.g. Q51). The second case was argued 
to be particularly disruptive for the project performance as the project team did not prepare for the 
discovery.

(Q45) “the technology development has from start to stop gone according to plan. So there have not been 
specific occurrences which hampered that process. Which is actually pretty impressive considering the 
risk profile and the uncertainties in the beginning and how hard the targets where, that was still smooth 
sailing.”

(Q46) [a discovery in the production process] “well, I think what happened is that we too early focused 
on the way to produce the product. We were too sure that this would work out, everything looked as 
if it would work out perfectly, there was a lot of internal experience in the company for that kind of 
competence. … that inhibited us from really looking at alternatives at that time”

(Q47) “I believe that we, and that is hindsight of course so that is easily said but I think that we really 
underestimated that [the technological difficulty which became critical for the performance]. And that 
is maybe attributable to not being in that technology or that market and having insufficient knowledge 
about that.” 

(Q48) “yes we need supply A, ok we do not have any understanding about that but there are companies 
which do, and that should be possible. … We were thinking of very simple examples which we thought 
would be feasible. But then we found that it is not that easy.”

(Q49) “a consultant out of the market was hired, but he was really a self-taught person with a sales 
background, so really streetwise smart. … streetwise smart is not someone who has the competence to 
conceptually oversee the entire value chain.”

(Q50) “When we started I was more of the opinion that a risk assessment is of course necessary but that 
it is very intuitive and that everybody would know what the biggest risks are. But that is a very personal 
view. Doing it in a structured way helps to either confirm your gut feel and also open up fields which had 
never been seen before. ”
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(Q51) “So, if we would have imagined that the lead customer would not use our product, we would have 
signalled that as a high probability risk back four months earlier.”

(Q52) “But we did expect something else to influence the performance. The manufacturer of the product 
on which we would apply our technology guarantees a certain performance for their product. One of the 
conditions is that you do not tamper with their product. … And we had expected that to be much more 
critical for the performance. And what we found out was that a lot of customer do not consider that to be 
that important.”

The influence of the competences and experience of the project team members on their ability to 
reduce uncertainty is widely supported in literature. As Chapman & Ward (2003) explain, foreseeing 
variables requires a combination of experience, creativity, and imagination of the employees. They 
argue that the assessment and uncertainty reduction in the project benefits from including a diverse 
group of individuals with different backgrounds and experiences. O’Connor & Rice (2013) further 
support this conclusion as they argue that uncertainty reduction requires different competences from 
the employees in the project team. Therefore it is expected that foreseeing and reducing uncertainty 
about the variables in the project benefits from the inclusion of the competences and experiences from 
multiple employees, preferably about each uncertainty category. However, Chapman & Ward (2003) 
also argue that although experience benefits the ability to foresee variables, the assessment about the 
uncertainty of the variable may be hindered as the past experience may be irrelevant for the future. 
Ramasesh & Browning (2014) further support this conclusion by proposing that the experience of 
the employee can lead to an ‘entrapped mindset’. They argue that this increases the likelihood that 
unforeseen discoveries are encountered during the development as it may increase the likelihood that 
information about variables is missed during the development process. This is further complemented 
by Cox (2008) which argued that project team members can have different perceptions about the 
uncertainty of the same variable in the project. These conclusions therefore also support the finding 
that there is sometimes a misperception or misalignment about the uncertainty about a variable. 
From these conclusions I propose that the transition of a variable through the states of (un)certainty is 
influenced by:

Proposition 3.2f: A variable is enabled or inhibited to transition at that point in time because of the 
(a) competence and (b) experience of the project team to make discoveries about the influence of the 
variable. 

7. THE TEAM COMPOSITION 
The data also showed that the composition of the competences and experiences of the project 
team have an influence on the transition of the variables. The composition is here explained as 
the way in which all the competences which are required are achieved with internal and external 
cooperation. Due to the newness of the projects the project team mostly misses key competences 
and/or experiences. Therefore they need to supplemented these as the development of these was 
generally considered to be very time and resource consuming. The reasons which were found for 
the incompleteness were that (a) the competence and experience already existed but only outside of 
the project team (e.g. Q53) or that (b) the competence and experience did not exist even outside of 
the team (e.g. Q54). The data shows that there are four ways in which the incomplete competence 
and experience were dealt with by the project teams. All of those have a different influence on the 
transitions of the variables in the project.
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In some cases the lacking or missing competence and experience existed outside of the project 
team. In those cases the competence and experience were attracted from inside or outside of the 
organization (e.g. Q53). Attracting this competence and experience then enabled the team to transition 
the variable or set of variables. However, a strong difference was found between the internal or 
external cooperation. Cooperation with external sources ranged from a one-time advice to a multi-
year partnership. With an increasing strength of this relationship an influence was found on the 
uncertainty of other variables in the project. That is, the increasing dependence on the external source 
introduced new organizational and resource variables in the project and it changed the uncertainty 
about yet foreseen variables. Since these variables are part of an external party, they were not or only 
partially influencable by the project team. The external cooperation therefore helps the project team 
to transition a certain set of variables, some of those are desired and others are a negative side effect of 
the cooperation. When the cooperation was done with a party inside of the company (e.g. Q54), these 
side-effects were mostly lower as the influence of the project team on those variables is larger. 

In some cases the lacking or missing competence or experience needed to be developed. This was 
done either solely within the project team (e.g. Q55) or in cooperation with an internal or external 
party (e.g. Q53 or Q54). Regarding the development in the project team: if the competence already 
existed outside of the company, there was a strong downside with this approach. It was considered 
to be more uncertain and more costly in terms of the time and resources. Therefore it limited the 
available time and resources for the transitions of the other variables in the project. However, 
depending on the required time and resources this could also be more beneficial in comparison to 
adding the uncertainty of an external cooperation. The cooperative development involved a search for 
complementary parties which enabled the development of the required competence and experience. 
The upside of this approach was that the uncertainty reduction about certain variables was achieved 
at a lower amount of time and resources. However,  it also introduced new variables in the project and 
changed the uncertainty about variables in other uncertainty categories.

Finally, the inclusion of an external challengers with an external perspective on the project was 
suggested to influence the transition of variables (e.g. Q55). In general they are argued to benefit 
the accuracy of the uncertainty assessment of the project team. Their influence was particularly 
strong  when the challengers had competences and experiences which were more distant from the 
competences and experience of the project team itself. The influence of the external challenger seemed 
to relate to three factors: they (1) assisted the project team in the prioritization of the variables as 
they challenge the expectations of the project team about the influence and uncertainty about the 
variable, they (2) transitioned variables from foreseeable to foreseen which had not yet been identified 
by the project team, and finally they (3) challenged the project team with the planned activities for 
when expected discoveries are encountered. As a result, external challengers were argued to have a 
very profound influence on the transitioning behavior of the variables in the project, enabling as well 
as inhibiting certain variables from transitioning. However (e.g. Q56), since the external challenger 
depends on the information which is presented, and since they talk from their own past experience, 
certain interviewees argued that external challengers may have a negative influence on the accuracy of 
the project teams understanding about the uncertainty of the variable.

(Q53) [the external partnering to develop a technology] “As I said, regarding that technological 
competence we can develop that ourselves but that costs us 10yrs. while there is an organization next door 
which has been doing that for a 100yrs. so why would you do it yourself, that is not our core competence.”
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(Q54) “And then we got the confirmation, it is in the materials, not that the product cannot technically be 
achieved but it is in its materials. Innovations had to be done in the field of the materials. In this area, the 
internal partner had its expertise and contributed”

(Q55) “If someone would have asked a critical question, then he would have said, go back into the market 
and prove me that this is indeed the case… nobody goes outside of the spectrum to challenge whether you 
have not forgotten variables or whether your assumptions are right that this is the right spectrum.”

(Q56) “On the one side it is easily said that the external challengers should have done a better job, but it is 
very difficult if you do not know which holes you are looking for.”

Cooperation between different parties has been broadly researched in project management literature, 
especially in the open innovation literature of Chesbrough (2003) amongst others. In radical 
innovation, cooperation is argued by Powell (1998) to be crucial in order to efficiently deal with the 
uncertainty of the project. But in support of the findings, Browning et al. (2006), Chapman & Ward 
(2003), and O´Connor & Rice (2013) also explain that next to enabling the foreseeing or reducing the 
uncertainty about certain variables in the project, cooperation also influences the uncertainty about 
the organizational or resource variables in the project. As a cooperation creates multiple variables 
which reside outside of the organization, as Winters (1987) and Sandberg et al. (2014) argue, there is 
only limited influence of the project team on the uncertainty about those variables. O’Connor & Rice 
(2013) even argue that the likelihood of critical discoveries about these organizational uncertainties 
seem to increase over time. Therefore it increases the difficulty to foresee or reduce the uncertainty 
about certain variables in the project while it enables the foreseeing and uncertainty reduction about 
other variables in the project. Also the finding that the inclusion of external challengers benefits the 
uncertainty reduction was argued earlier by O´Connor & Rice (2013) and Ramasesh & Browning 
(2013). However, this research also shows that there are several implications or boundary conditions of 
the inclusion of external challengers which seem to limit their added value for foreseeing or reducing 
uncertainty. This research therefore contributes as it explains the influence of the different types of 
cooperation in relation to the uncertainty about the individual variables in the project. From these 
conclusions I propose that the transition of a variable through the states of (un)certainty is influenced 
by:

Proposition 3.2g: A variable is enabled or inhibited to transition at that point in time because of the 
composition of the project team, in terms of the (a) internal and (b) external cooperation, and the 
inclusion of (c) external challengers. 

Combined these seven propositions (P3.2.a-h) represent the determinants of the influence of the 
organization and the project team which are explained to enable or inhibit the transitions through the 
states of (un)certainty. 

The aforementioned concepts have had significant attention in previous literature. However, 
the explication and integration of these three variable properties and seven determinants of the 
organization and project team, were not previously related to the transitions of the states of (un)
certainty of the individual variable. Combined these findings therefore provide more understanding 
about what enables or inhibits the variables from transitioning through the different states of (un)
certainty. These determinants are therefore synthesized in the next paragraph in relation to each 
transition of (un)certainty. 
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THE TRANSITIONS THROUGH THE STATES
The data shows clearly that the (un)certainty transitions of a variable from unforeseeable to 
foreseeable, from foreseeable to foreseen, the reduction about the uncertainty in the foreseen state, 
and the transition from foreseen to known, have very different enablers and inhibitors. The following 
conclusions were drawn with regards to these transitions and in accordance with the aforementioned 
determinants of these transitions.

A variable is unforeseeable when the information which indicates that it influences the project 
performance cannot possibly be made available at that point in time. This was found to be caused by 
the variable properties that the information does not yet exist at that point in time or that the source 
of the information could not have been influenced to disclose it by that point in time (e.g. Q57). A 
variable is foreseeable when the information which indicates that it influences the project performance 
is available, but the project team has not yet identified the information or has not yet realized that it 
describes a variable which influences the project performance. This inhibition may result from the 
three properties of the variable and the seven determinants of the organization and the project team 
(e.g. Q58). A variable is foreseen when the variable has been identified to influence or potentially 
influence the project performance but its actual influence is still uncertain. Reducing the uncertainty 
about its influence on the project performance is enabled or inhibited due to the three properties of the 
variable and the seven determinants of the organization and the project team (e.g. Q59). A variable is 
known when there is no potential for future changes to its influence on the project performance (e.g. 
Q60).

(Q57) [during development, the strategic take-over of the development partner] “No those kinds of things, 
those are listed companies, you can’t foresee that because that is just simply announced when it happens.” 

(Q58) [during market launch, quality issues of the product] “For the team it was a complete surprise 
because they did not test it in a realistic way and because they did not have the required knowledge, so 
they could have foreseen this.”

(Q59) [from the start] “Well we had two major uncertainties, the market acceptance, is the customer 
going to accept this product, and second, how will the product perform over time? … We organized the 
project in such way to test these uncertainties as fast as possible, together with Partner A”

(Q60) [from the start] “Starting in the bulk market was not a smart choice, there you have very low cost, 
and a low margin business so that is not wise to start with; as we knew that we would always start off 
with a more expensive solution, therefore we targeted the specialties segment.”

From these conclusions and the conclusions about the determinants I propose that a variable’s 
transition is influenced by (as shown in figure 5.1):

Proposition 3a: An unforeseeable variable cannot be foreseen at that point in time because the 
information is (a) not available or (b) its source could not have been influenced. 

Proposition 3b: A foreseeable variable is enabled or inhibited to be foreseen at that point in time, and 
the discoveries about the influence of foreseen variables are enabled or inhibited, because of (a) the 
variable properties and (b) the determinants of the organization and the project team.

Proposition 3c: Foreseen variables are not known at that point in time because of the potential of future 
discoveries which would change their influence on the project performance. 
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These propositions build and extend upon the literature of decision making theory (Edwards, 1954; 
Milliken, 1987; Schrader et al. 1993; amongst others), complexity theory (Kauffman & Levin, 1987; 
Levinthal, 1997; Pich et al. 2002; amongst others) and uncertainty and risk management theory 
(Chapman & Ward, 2003; Sommer, et al., 2009; amongst others). While the concepts which were 
used here are not argued to all be new in literature, this theory adds to our existing understanding in 
several ways. This theory specifically explicated and integrated the three variable properties and the 
seven organizational and project team determinants. It used those to develop propositions about why 
a variable is enabled and/or inhibited to transition through the states of (un)certainty. Doing so this 
theory has contributed by making explicit that each variable in the project has different requirements 
with regards to what enables or inhibits it from transitioning through the four states of (un)certainty. 
In doing so this theory also adds to our understanding about why the project performance of the 
system (Pich, et al., 2002) changes over time and how the organization and the project team can 
influence that. As a result this theory may also add to the uncertainty and risk management theories 
and practices as explained by Chapman & Ward (2003) for example. Therefore this theory may 
potentially help organizations and project teams to reduce the likelihood that critical deviations or 
terminations are encountered. Finally this theory provides more understanding about deviations in 
projects in two ways, as explained by Munthe et al. (2014) for example. This theory explains in more 
detail the cause of the discoveries which require deviations and terminations and it explains how the 
uncertainty about a variable may change when a deviation has been made.

5.4 THE DANGERS AND BENEFITS OF REDUCING UNCERTAINTY 
The uncertainty reduction and the discoveries about the variables sometimes require the project 
team to take actions by deviating or terminating the project as they change the expectation about the 
project performance. Although these discoveries can require deviations and even terminations of the 
project and therefore seem disruptive for the project performance, uncertainty reduction is generally 
considered to be very beneficial. It better aligns the project direction with the market, and it improves 
the innovative performance of the organization as it limits the invested time and resources. Although 
uncertainty reduction is therefore in general considered to be beneficial for the project, the data also 
showed certain dangers which are associated with uncertainty reduction. 

In general the interviewees indicated that the earliest transition and uncertainty reduction about 
the influence of the variable on the project performance benefits the project (e.g. Q61). It is mostly 
argued to improve the accuracy of the decision making by the project team as it improves their 
understanding about the expected project performance and how that project performance can be 

Figure 5.1 Visual representation of the concepts of the states of (un)certainty
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achieved. In particular as the earliest discovery allows the project team to make adjustments to the 
planned activities before the process is executed. Therefore they are prevented from being discovered 
after the decision which would potentially require a deviation or termination. But it also enables 
the project team to make a deviation or to terminate the project before more time and resources 
are invested in the case it would have been discovered later. Therefore it helps to prevent the project 
from moving in the wrong direction and/or understanding that it would result in a different project 
performance as was initially expected as early as possible. The organization can therefore  better assess 
whether the project will exceed the minimal performance which they are targeting for. The increased 
understanding about the required direction and process or the earliest discovery that a termination 
or deviation is required are both expected to improve the resource and time efficiency. Therefore 
the uncertainty reduction is generally  argued to benefit the performance of the project and the 
organization. 

(Q61) [when you foresee or reduce uncertainty earlier] “either you speed up the process because you 
know what to account for. Or you are able to terminate the project as fast as possible which increases the 
efficiency of the organization.” 

From these conclusions I propose that:
Proposition 4a: The benefit of reducing uncertainty for the project performance is the ability to act in 
time by: (1) continuing, (2) deviating, or (3) terminating the project.

Surprisingly also several counterarguments were found in the data with regards to uncertainty 
reduction. In several cases it was argued that when the uncertainty about a variable in the foreseen 
state was reduced, that the variable was later concluded not to influence the project performance. 
The time and resources which were invested to reduce this uncertainty had no direct contribution 
to the project performance. The time and resource which are spent to transition a misperceived 
variable are therefore sometimes considered to be an inefficiency in the process. The side effect is that 
it also reduces the time and resources which were spent on relevant variables which were inhibited 
from transitioning (e.g. Q62). Additionally, in particular when large amounts of resources are 
required or when external partnerships are required to reduce the uncertainty. The reduction of the 
uncertainty about a certain variable or set of variables sometimes seemed to create more uncertainty 
in the organizational and resource variables. Sometimes even exceeding the benefit of the reduced 
uncertainty brought to the project (e.g. Q63). 

(Q62) “But we did expect something else to influence the performance. The manufacturer of the product 
on which we would apply our technology guarantees a certain performance for their product. One of the 
conditions is that you do not tamper with their product. … And we had expected that to be much more 
critical for the performance. And what we found out was that a lot of customers don´t consider that to be 
that important.”

 (Q63) [to reduce a critical uncertainty in the project about to complement the experience and 
competences a partnership was made] “eventually that partnership stopped because they were taken over 
and their priorities shifted”

From these conclusions I propose that:

Proposition 4b.1: A danger of reducing uncertainty for the project performance is that the costs of 
reducing the uncertainty are higher than the benefits of acting upon them.
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With regards to the project performance those variables which are misperceived to be relevant 
or about which the uncertainty is misperceived may lead to an overestimated or underestimated 
expectation about the performance of the project. This seems to increase the difficulty to assess the 
uncertainty about the variables in the project and thus how to prioritize the time and resources across 
the variables (e.g. Q64). Most importantly, foreseeing many variables seems to increase the tendency 
to overlook variables which had not been foreseen yet during the uncertainty reduction. This is caused 
by the misperception about the already foreseen uncertainties which may indicate a wrong direction 
or simply because foreseen variables reduce the openness to make discoveries of new variables which 
present opportunities or threats to the project performance(e.g. 65). 

(Q64) [During risk assessments] “The risk is indeed that you calculate the project to death. Because maybe 
you think of much more things which in the end turn out not to be an issue at all. So in hindsight you 
could say only if we would have done that, but in that way you can also be very destructive” 

(Q65) [a discovery in the production process] “well, I think what happened is that we too early focused 
on the way to produce the product. We were too sure that this would work out, everything looked as 
if it would work out perfectly, there was a lot of internal experience in the company for that kind of 
competence. … that inhibited us from really looking at alternatives at that time”

From these conclusions I propose that:
Proposition 4b.2 A danger of reducing uncertainty for the project performance is that foreseeing 
variables may lead to too much focus on reducing the uncertainty about these foreseen variables in 
comparison to discovering other foreseeable variables.

Finally, in one particular case it was even argued that the earlier reduction of uncertainty about a 
foreseen variables would have had a negative influence on the project. Had the project team uncovered 
the negative influence of the foreseen variable at an early point in time, it would not have had an 
alternative solution. Since they uncovered the alternative at a later point in time, when the alternative 
solution was available, the variable did not have a negative influence on the project performance. 
As a result, if the uncertainty would have been reduced earlier, it would have excluded a number of 
activities from which new variables were discovered and which reduced the uncertainty about other 
variables (e.g. Q66). 

(Q66) “Especially in the early stages of the project it is good to broaden your view, if from the very 
beginning the value proposition had been strictly coupled to product benefit 1, I think we would not have 
done a number of activities which we did to learn.”

From these conclusions I propose that:
Proposition 4b.3 A danger of reducing uncertainty for the project performance is the possibility that one 
acts too early.

In literature, reducing uncertainty by foreseeing foreseeable uncertainties and reducing the uncertainty 
about the foreseen variables is generally considered to be essential to align the project with its 
environment (Munthe et al. 2014; Pich et al., 2002; Sommer et al., 2009; Schrader et al., 1993; amongst 
others). However, the theory developed here also explains that uncertainty reduction has certain 
dangers which are not often encountered in literature. Still, Chapman & Ward (2003) explain, in 
addition to proposition 4.b.1, the importance of balancing the cost of uncertainty reduction with 
the benefit for the development process. Chapman & Ward (2003) explain this as the ´risk-efficiency 
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Figure 5.2 The states of (un)certainty and the determinants of the transitions
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boundary´ which must be assessed when diagnosing and assessing discoveries and deviations. 
However, they do not provide much detail about the possible effects on the uncertainty about the other 
variables in the project and the influence on the project performance. Cox (2008) on the other hand 
explicitly researched the issues of uncertainty reduction through risk analyses and their influence on 
the project development. They concluded that the usage of such tools can lead to inefficient reduction 
of uncertainty due to four distinct reasons. Each of which seems to support the dangers which were 
mentioned earlier. These are that (1) only a small fraction of the uncertain variables is accounted for, 
(2) that the information unavailability makes the assessment of the uncertainty about the variable 
prone to errors, (3) that the uncertainty about the variable is subjectively determined, and (4) that the 
project faces suboptimal time and resource allocation due to these difficulties. Therefore proposition 
4.b.1 and 4.b.3 seem to find support in previous literature. Finally proposition 4.b.2 is supported by 
Ramasesh & Browning (2014) in relation to their conclusions about the influence of  experience of 
the project team members. The increasing experience strengthens the focus of the project on certain 
variables over time. Ramasesh & Browning (2014) in particular proposed that this relates to an 
increased likelihood that unforeseen discoveries are encountered later in the project.

Combined the benefit and dangers mentioned here provide a more comprehensive view on the 
consequences of uncertainty reduction on the other variables in the project. A topic which was less 
often found in literature. This theory therefore presents several side effects which help to explain 
why uncertainty reduction is notoriously difficult for project teams. It also explains that uncertainty 
reduction may lead to deviations and terminations which are not necessarily correct or in the benefit 
of the project or organization. Still, in general, uncertainty reduction seems to be a key contributor to 
achieving success with managing projects with a high level of uncertainty. 

5.5 THE PROPOSED THEORY 
All in all this chapter has answered the research question by building theory. The theory built here 
validated the theoretically proposed states of (un)certainty, derived propositions from the data about 
why a variable transitions through these states, and explained the key implications of uncertainty 
reduction for the project and the organization. Therefore an updated version of the initial model is 
summarized in figure 5.2 on the left. 
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H6. CONCLUSION
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This chapter is the conclusion of this research project and will therefore answer the research question, 
present the theoretical implications, the practical recommendations, the suggestions for future 
research, and the limitations of the results of this research.

Developing radical innovation projects is notoriously difficult due to the uncertain and complex 
character of these projects (Cooper, 2011; Olausson & Berggren, 2010; Sommer, et al., 2009). But, 
radical innovation is found vital for the long term competitiveness of the organization (Cooper , 2011; 
Leifer, et al., 2000; McDermott & O’Connor, 2002; Slater, et al., 2013) and these characteristics impede 
the organization’s ability to continuously achieve radical innovation (Sandberg & Aarikka-Stenroos, 
2014). In particular as these characteristics are found to lead to costly changes during the development, 
and better yet, sometimes they even their termination (Cooper , 2011; Dvir & Lechler, 2004; Munthe, 
et al., 2014; Sommer, et al., 2009).

One significant gap in the literature was found as it did not yet explain in detail how the project team’s 
certainty about an individual variable’s influence on the project performance changes over time. This 
new perspective on (un)certainty allowed to understand in more detail why and how (unexpected) 
discoveries are made about a variable over time. Since the development of this understanding is 
expected to help academics and practitioners to reduce their difficulties with achieving successful 
radical innovation the goal of this research has been to increase this understanding through answering 
the research question:

Why and how are individual variables discovered and why and how does the project team’s 
certainty about a variable’s influence on the project performance change over time and cause 
deviations or the termination of the project?

6.1 THE ANSWER TO THE RESEARCH QUESTION
This research question has been answered by building a new theory with an exploratory research 
design. This was done by deriving propositions through explicating and integrating the concepts of 
uncertainty in literature and using case-study evidence to validate and develop propositions about the 
changing (un)certainty about the variable over time. 

The result is that the theory developed here explains the changing states of (un)certainty about the 
influence of an individual variable on the project performance over time. The key components of 
this new theory answer the research question in threefold. First, the theory explains the “How” of the 
changing uncertainty. It explains this as four states of (un)certainty which the project team may have 
about the influence of an individual variable on the project performance as it changes over time: from 
unforeseeable, to foreseeable, to foreseen and to known. Second, the theory derived the determinants 
which explain “Why” the uncertainty about a variable changes by transitioning through its four states. 
In particular that in the unforeseeable state a variable is not foreseeable by the project team as the 
information about its influence on the project performance is non-existent or the team was unable 
to influence the source of the information by that point in time. A variable in the foreseeable state 
is enabled or inhibited to be foreseen by the project team, and the reduction about a variable in the 
foreseen state is enabled or inhibited at that point in time due to the three variable properties and the 
seven determinants of the organization, and the project team. These are the variable’s: information 
character, relationships, and uncertainty category, and: the project goal, the uncertainty acceptance, 



59

the flexibility, the team stability, the processes and tools, the competence and experience, and the 
composition of the team. Finally, a variable in the foreseen state is not yet known by the project team 
if there is a potential of future changes which change the influence of the variable on the project 
performance. The third and final component of the theory explains the consequences of uncertainty 
reduction and the relation to the deviation and termination decision. Most importantly that 
uncertainty reduction is beneficial for the project performance as it increases the ability of the project 
team to act in time by continuing, deviating or terminating the project. However it also explains three 
dangers of uncertainty reduction in terms of: the possibility of acting too early, the potential that 
the certainty which was created does not outweigh the cost of reducing it, and an increased focus on 
reducing the uncertainty about foreseen variables in comparison to discovering foreseeable variables.

Combined this theory, as summarized in figure 6.1, explains the key components of the theory built 
here, it answers “Why” and “How” variables are discovered and it answers “Why” and “How” the 
(un)certainty of the project team about the influence of an individual variable changes over time 
through the states of (un)certainty. By combining the determinants of the states of (un)certainty and 
the benefits and dangers of uncertainty reduction It also answers why and how this sometimes causes 
deviations or the termination of the project. 

6.2 IMPLICATIONS OF THE RESEARCH 
The newly developed theory does not claim that the concepts which were used and identified in the 
theory and the data are necessarily new in literature. However, the explication and integration of these 
concepts in a single theory brings a new perspective with key implications for academic literature, for 
practitioners in radical innovation in general, and for the organization under study. 

THEORETICAL IMPLICATIONS
The first contribution to literature complements and adds to complexity theory in two ways as it is 
described by, amongst others, Pich et al. (2002), Sommer & Loch (2004), and Sommer et al. (2009). 

Figure 6.1 The states of (un)certainty and the determinants of the transitions
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The contribution is related to the perspective on the individual variable in the project performance 
function of complex systems. This theory explains why and how each individual variable in a complex 
project is in one of four states of (un)certainty through which it may transition during the project 
development. First this theory increases the understanding about the changing uncertainty about each 
variable and it’s changing influence on the project performance over time. Therefore this theory adds 
detail to our understanding about how and why the project performance changes during the project 
development process. This increased understanding also contributes in a second way to theory. It 
adds to our understanding about why and how variables are continuously added and excluded as the 
uncertainty about their influence changes. Therefore this theory also adds detail to our understanding 
about why and how the composition of variables in the project performance function changes as the 
relevance of the variables changes over time. 

The second contribution of this theory mainly complements and adds to decision making theory 
and the uncertainty and risk management literature in particular, by amongst others Chapman & 
Ward (2003), Ramasesh & Browning (2014), and Schrader et al. (1993). This contribution is related 
to the increased understanding about the determinants of why the (un)certainty changes over time 
and specifically in relation to the individual variable in the project. This theory adds detail to our 
understanding about the influence of the uncertainty reduction process which is determined by the 
project team and the organization and the uncertainty of the project team about each individual 
variable. This perspective has shown in particular that there are great differences between the variables 
and their requirements for transitioning through the states of uncertainty. Therefore it also adds to 
our understanding about the ability to reduce the uncertainty about each individual variable in the 
project. This also brings additional insight in the influence of the uncertainty reduction process on 
the benefits and dangers which it has on the uncertainty of the other variables in the project and the 
project performance in general. The most important conclusion with regards to these differences is 
that they cause the reduction of uncertainty in the project to be a trade-off. A trade-off between the 
uncertainty which is reduced and the cost of that uncertainty reduction for the uncertainty about the 
other variables in the project and for the project performance. 

PRACTICAL RECOMMENDATIONS
For practitioners in radical innovation, and specifically the organization under study, several 
recommendations can be drawn from this research. These may potentially help organizations and 
project teams to reduce uncertainty in the project earlier and, in doing so, reduce the likelihood 
that discoveries are made which require costly deviations or the termination of the project. These 
recommendations have been divided in three main categories: perceive a project as a system, a 
checklist of effects of uncertainty reduction, and the influence of the uncertainty reduction on the 
project performance.

1. PERCEIVE A PROJECT AS A SYSTEM
Complexity and uncertainty make it difficult to understand how the most optimal project performance 
can be reached, what project performance can be expected, and it makes it difficult to understand how 
a discovery about a variable influences the project performance. Therefore it is expected that perceiving 
a project as a system of interrelated variables which are in different states of (un)certainty, will help the 
organization and the project team to reduce this difficulty in three ways. (1) It helps to comprehend 
the complexity of the project as a whole, (2) to oversee the influence of newly discovered variables 
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or of discoveries about foreseen variables, and (3) it may even help to understand where unforeseen 
discoveries may arise in the project. To be able to perceive projects in such way it is expected that the 
organization may benefit from: (1) training those who are involved in radical innovation projects 
in systems thinking, the states of (un)certainty of the variables in the project, their determinants, 
and the dangers and benefits of uncertainty reduction. And (2) applying this knowledge in practice 
by mapping the variables in the project, assigning the expected value(s), drawing the relationships 
between the variables, and accounting for the uncertainty about the influence of the variables on the 
project performance. This mapping is expected to be most effective for the uncertainty reduction when 
it is done by a project team which has a complementary set of competences and experiences and which 
periodically updates the map in accordance with the newly gathered information.

2. CHECKLIST OF EFFECTS TO REDUCE UNCERTAINTY 
As the data shows, foreseeing variables or reducing the uncertainty about them is bounded by (1) the 
properties of the variables and enabled or inhibited by seven key (2) determinants of the organization 
and the project team. Each variable and each state of (un)certainty requires a different choice for 
the determinants to maximize the ability to reduce the uncertainty about them. For each of these 
determinants the organization and the project team therefore need to be aware that their deliberate 
or undeliberate choices for all these determinants may contribute to their ability to foresee or reduce 
the uncertainty about the variable in the project. To help organizations and project teams to assess 
the influence of their choices a checklist is created about the effects of each determinant which is 
summarized in table 6.1. Due to the differences between the variables this check list does not present a 
summary of do’s or dont’s with a positive or negative outcome for uncertainty reduction. Each choice 
has side-effects on the other variables in the process, this checklist therefore makes the trade-offs in 
reducing uncertainty more insightful. It is expected to help the organization and the project team to 
understand the consequences of their choices and it helps them to assess whether the consequences 
of their choices will result in a desirable uncertainty reduction in the project. Thus, this checklist is 
expected to help decision makers to improve their ability to reduce uncertainty earlier as it helps them 
to make a more educated trade-off about the effect of their choice and the desirability of the outcome. 

Table 6.1 The checklist for uncertainty reduction
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3. THE INFLUENCE OF THE UNCERTAINTY REDUCTION ON THE PROJECT PERFORMANCE
As the data indicated, it is difficult to determine and understand the outcome of the uncertainty 
reduction on the project performance. Therefore the project team and the organization need to 
account for the four influences of uncertainty reduction: (1) the increased ability to act in time, (2) the 
potential of acting too early, (3) the potential that the cost does not outweigh the benefit of the reduced 
uncertainty, and (4) the tendency to focus on foreseen uncertainties. Accounting for these influences 
before starting with uncertainty reduction is expected to reduce the potential that these negative side-
effects may occur. It is expected that these side-effects are better understood when an analysis is made 
about the expected influence of the uncertainty reduction on all the variables in the variable map as 
introduced in recommendation 1. By analyzing this map it is expected that the possibility of acting too 
early is reduced. When a scenario analysis is made with this map it is expected that the trade-off between 
the expected cost for reducing the uncertainty and the benefit of the reduced uncertainty is improved. 
When the project team uses the map to analyze where new variables and discoveries can be expected it is 
expected that the tendency to have an over focus on the foreseen variables is reduced. 

6.3 SUGGESTIONS FOR FUTURE RESEARCH AND THE LIMITATIONS
This research also entails several valuable suggestions for future research. The further validation and 
extension of the theory developed here can be relevant for academic literature and practice in several 
different ways. 

First, as the data shows the variables in the project have different properties which cause the variables to 
transition through the states of (un)certainty very differently. Interestingly, it seems that there are some 
commonalities in the diverse patterns of these transitions between the variables. Therefore it is suggested 
that future research is required to determine whether there are different ´typologies´ of variable 
transition patterns and, if so, which ones exist. Examples of differences which are expected between the 
variable transition types are: the timing of the transition through the states, the changing uncertainty 
about the variable when it has been foreseen, the uncertainty level or duration of the project, and many 
others. The relevance of these typologies is that they may uncover different likelihoods of leading to 
deviations or terminations. It may also indicate different ways in which the different types are best 
managed in terms of effectively reducing the uncertainty about them. Therefore, if transition typologies 
are found, it is suggested that future research is required to understand whether there are differences 
between their tendency to require a deviation or termination and whether the uncertainty reduction 
about the different types would benefit from certain management strategies. This suggests that more 
qualitative research is required to identify the different typologies, their different tendency to require 
deviations and terminations, and whether these may benefit from different managerial approaches. 
Subsequently also quantitative research is required to determine the strength of these relationships and 
to determine whether certain variable typologies are found more or less often in certain contexts. 

Second, the determinants and variable properties which were identified in this study have multiple 
interaction effects which influence the ability to reduce the uncertainty about the variable. However 
more research is required to further explore these interaction effects. In particular between the variable 
properties and the determinants, between the determinants themselves, and the influence of the these 
interactions on the ability to reduce the uncertainty about the individual variable. This understanding 
is expected to provide more insights in how the organization and the project team should approach 
a variable with certain properties in order to be able to reduce the uncertainty about it. Of particular 
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interest are those interactions between the determinants of the organization and the project team 
and the four uncertainty categories as introduced by O’Connor & Rice (2013). Those interactions in 
particular seemed to require very different choices for all the determinants. The suggestion is that these 
interactions are best researched via a quantitative study on how the differences in each determinant 
interact with the differences in each property of the variable, and how that influences the ability to 
reduce the uncertainty about a certain variable. 

Third, contrarily to the general consensus this research identified several dangers which are associated 
with uncertainty reduction. Still further research is required to reap the potential benefit of these 
first findings for academic literature and practice. Primarily research is required to determine how 
organizations and project teams should manage these potential dangers. To do so, it is suggested that 
future research could determine the likelihood and determinants of these dangers, their influence on 
the project performance, and most importantly, to determine the influence of the contextual factors on 
their occurrence and their influence on the project performance. Contextual factors which might have 
an influence on these dangers could be related to the innovativeness of the project, the development 
phase, the duration of the project, and many others. The findings of such research could give insights 
for organizations and project teams in two aspects: to understand when they must be attentive that 
these dangers may occur and what managerial strategies are best suitable to reduce the influence or 
occurrence of these dangers in the project. This research would need a quantitative study to validate the 
occurrence and influence of these dangers on the project performance. Then qualitative and quantitative 
research is necessary to understand the determinants of the occurrence and the influence of the dangers 
on the project performance. But also to derive best practices for management to assess the likelihood of 
the occurrence and to manage the influence of the dangers on the project performance.

Fourth, a limitation of this study was that the data was collected solely about radical innovation 
projects within a single organization. Therefore future research is required in two different directions. 
First, in order to determine whether there are more variable properties and/or whether there are more 
organization and project team determinants. A specific example which is expected to have an influence 
is the organizational culture (Ramasesh & Browning, 2014) but due to the limited data set in this 
research this could not be validated here. This addition to the theory would provide more insight about 
the determinants of the states of (un)certainty which would help to develop more insightful conclusions 
for practitioners for reducing uncertainty more effectively. To do so, more qualitative and quantitative 
research is required with cases from different organizations, different sizes, and across different 
industries. Second, the conclusions of this research only apply to radical innovation projects. In order 
to understand the applicability of these conclusions in other innovation types, for example incremental 
innovation, more research is required to compare whether this theory is equally applicable. 

Fifth and final, this theory has been built on propositions which are either based on theory and 
qualitative data, or solely derived from qualitative data. To assess the validity of these propositions, 
future research is required of a quantitative nature. This would help organizations and project teams to 
understand the significance of the results of this research in a similar context, but potentially also the 
generalizability for different contexts. Such research is suggested to be most valuable when done via a 
longitudinal data collection, with a larger amount of cases, across multiple organizations, industries, and 
innovation levels. It could possibly even include other disciplines outside of project management which 
involve uncertain decision making situations. 
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Aa, the search process
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Ab, the scientificness
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Ac, the interview protocol
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CODING STARTING POINT
The coding categories which were used to start coding the data are:

ANALYZING THE CODES
During the coding and analysis process, the coding list on the right page and the following pages was 
created:
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Ad, the coding strategy 
and analysis
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Ae, scientific rigorousness



89

Table Af.1 The determinants of the transitions of the variables through the states of (un)certainty

Table Af.2 The deviations in the projects
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Af, data overview
(Q1) “The discussion started somewhere around May [2yrs. after starting] where the variable was first 
flagged by the lead customer. The expectation of the team we were working with was that it would be 
difficult but they expected no issue … so until July everything seemed to be on green light. So in July it 
became known that the variable was negative but it was not indicated to be a showstopper and really at 
the last moment the lead customer decided that they would not go ahead.” 

(Q2) “Well as soon as we discovered this technology, from that moment on it was clear that we needed to 
do that test to get the approval, so it was directly foreseen.”

(Q3) “All the information we had, indicated that it worked … we knew it worked because you could 
simply buy the technology, so you could not have foreseen this. The data was available that it worked, 
so you can never foresee it, you could have known it a little earlier when you would have done trust but 
verify.”

(Q4) “Well, I saw that the downstream knowledge of the fabrication of the product [which was initially 
verified to be in-house by multiple internal sources] was partly knowledge of the customers of our internal 
partner.”

(Q5) “yeah well, you know that the energy prices are instable [foreseen variable]. It went down really 
fast because the government suddenly changed their policy. So yeah that [the causation variable] was 
an unforeseen which had a strong impact” [on the variable energy price, which impacted the project 
performance].

(Q6) [the requirement for a critical technological property] “That could have been uncovered with a 
theoretical exercise. We have foreseen it, but much later. A number of people have warned about it from 
the outset but ok. 

(Q7) [the availability of the resource; could have been foreseen] “No I think that they underestimated 
that, I think they even ignored it at that moment… . I think they could have at least foreseen the variable.” 
Compared to another team member (Q8): 

(Q8) [the availability of the resource; could not have been foreseen] “All the information we had, indicated 
that it worked … we knew it worked because you could simply buy the technology, so you could not have 
foreseen this. The data was available that it worked, so you can never foresee it, you could have foreseen it 
a little earlier when you would have done trust but verify.” 

(Q9) [a variable of the product became a critical argument for the lead customer due to changes in the 
environment] “A key benefit in the value proposition, variable b, suddenly became a potential risk for the 
lead customer because the sentiment was changing against the variable over the last years which increased 
the amount of litigations.”

(Q10) “The discussion started somewhere around May [2yrs. after starting] where the variable was first 
flagged by the lead customer. The expectation of the team we were working with was that it would be 
difficult but they expected no issue … so until July everything seemed to be on green light. So in July it 
became known that the variable was negative but it was not indicated to be a showstopper and really 
at the last moment the lead customer decided that they would not go ahead. … This was related to an 
increasing trend in litigations which was explained to relate to their decision” 
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(Q11) “We thought that the benefit of this product is bigger than it actually is but we did not have that 
information when we bought the company.”

(Q12) [concept testing with the customer at an early point in time] “then you get these vague answers, 
and then you have to talk to a lot of customer and remain open minded and also remain alert on negative 
things.”

(Q13) “yeah well, you know that the energy prices are instable [foreseen variable]. It went down really 
fast because the government suddenly changed their policy. So yeah that was an unforeseen which had a 
strong impact.”

(Q14) [during development, the strategic take-over of the development partner] “No those kinds of things, 
those are listed companies, you can’t foresee that because that is just simply announced when it happens.” 

(Q15) “And then we got the confirmation, it is in the materials, not that the product cannot technically be 
achieved but it is in its materials. innovations had to be done in the field of the materials.”

(Q16) “Now if governments decide they will stop their subsidies, then most likely the benefit is not enough. 
You will still improve the performance, but the benefit is lower and the value of our product is reduced. 
And we don’t have any influence on it.”

(Q17) “Our strategy was really, we do a few technology tests which are very expensive, and then we 
will just see together with a partner if it works in a real life situation. Whether it is even feasible such a 
product.“

(Q18) “I often hear that, and that is also sometimes confirmed indeed, yes but we need to file the IP first 
… we want to file the IP first and then we will talk to external parties because we want to be protected.”

(Q19) “and preferably not too big, because too big will create very much complexity which creates a lot of 
uncertainty.”

(Q20) “For the team this market uncertainty was a complete surprise because they did not test it in a 
realistic way and because they did not have the required knowledge, so the team could have foreseen this.”

(Q21) “we wanted to combine the pilot with realizing the required performance and that is the never 
ending split. How fast do you want returns and results? … This is a balancing act, the faster and wider 
you go costs time and resources, which if it goes wrong, you lose more, while if you go slower and more 
controlled, you cannot reach the required performance.”

(Q22) “Well we had a few discoveries about opportunities which, had we also invested time and resources 
outside of our focus, would have been foreseen, but you want to focus to reduce those core uncertainties”

(Q23) “To contribute to the performance target of the organization and be competitive in the market we 
decided to launch into the low margin high volume business … achieving that price level resulted in a very 
high technological uncertainty in this project” 

(Q24) “well sometimes I need to make a deviation as I am learning, but this is not easily accepted as it is 
not always understood that we are still learning that we could not have foreseen that. Still we should also 
must not invest too much to learn because it also sometimes tilts the other way.”

(Q25) “we wanted to combine the pilot with realizing the required performance and that is the never 
ending split. How fast do you want returns and results? … This is a balancing act, the faster and wider 
you go costs time and resources, which if it goes wrong, you loss more, while if you go slower and more 
controlled, you cannot reach the required performance.”

(Q26) ”we started with product property 1, eventually due to development we ended up with a different 
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technology to achieve property 1. It also led to a type of market which the organization was slowly 
retracting from. All in all it evolved into a direction which did not fit the organization anymore”

(Q27) ”In principal we would reach process milestone 1 in month x. But due to certain reasons we heard 
yesterday [from top management] that we have to reach process milestone 1 6 months earlier while we do 
not yet comply”

(Q28) [late discovery of a critical variable] “That could have been uncovered with a theoretical exercise. 
We have foreseen it, but much later. A number of people have warned about it from the outset but ok.“

(Q29) “That test that was X amount of resources, if you are going to do that with a story that you are not 
certain whether it is going to work, you will not get permission as they will send you back to first do some 
small trials and come back later. ... That means that you get a lot of delay in your process.”

(Q30) “You have to be careful with how much you invest to reduce uncertainty because you cannot 
compare learning with how startups work, the investment here is higher and sometimes we invest large 
sums of money before having the slightest form of certainty about the investment. So we should allow a bit 
more learning but also stop investing before we have learned.”

(Q31) [could have been foreseen earlier] “well we could have done more research to verify whether our 
certainty about the variable was just, and then you just get disappointed. … but all the information we 
had indicated that it worked … we knew it worked because you could simply buy the technology”

(Q32) “well we wanted to test whether we were on the right track with our customer and therefore we set a 
hard process performance target”

(Q33) ”we started with product property 1, eventually due to development we ended up with a different 
technology to achieve property 1. It also lead to a type of market which the organization was slowly 
retracting from. All in all it evolved into a direction which did not fit the organization anymore”

(Q34) “There has always been a clear drive from top management to focus, we are going to do one thing, 
and that is what we are going to make successful. That focus has advantages because you can accelerate, 
the drawback is that if something critical happens, you are in deep trouble.”

(Q35) “When we did the due diligence for that company we and that company were convinced that the 
technology was most applicable for a certain market. After developing a while we did a few deviations 
which were different as we had initially expected.”

(Q36) [the internal transition from BU1 to BU2] “What happened down the road was that we as 
Company X said good bye to the internal partner. So we ended up hiring people from the same group but 
they had other priorities. They were much more down to earth, trying to survive within the company and 
outside of it, focusing on the exit value of the project”

(Q37) “In this project the project owner switched during the states. I think that it brings instability 
through the states and also a lot of knowledge and experience have to be rebuilt again.”

(Q38) ”The manager whom was going to manage that project stepped out of the project with a burn-out. 
After that the priorities in the project shifted”

(Q39) ”I entered the project when it had just been launched in the market and I saw those variables 
during the first period of starting”

(Q40) ”As I mentioned, the partner changed from partner to lead customer at a certain point in time. 
Therefore the risk profile of the project came to us”

 (Q41) ”well that competence we need to hire from the community of employees with that competence. 
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This gives a difficult dynamic which, especially when you needed to make deviations, creates additional 
uncertainty in the project.”

(Q42) [developing the technology in parallel] “As I said, at the beginning we did a very broad scouting to 
evaluate about 25-30 options on their expected performance on variable 1, whether they matched variable 
2, and whether they matched variable 3 … from this 2 base routes where chosen to develop further.”

(Q43) “typically at this stage in the process you don’t go after all the details of the uncertainties, typically 
in that process you start with those particular uncertainties in a late stage while we did it from the start. 
Therefore we knew all those uncertainties early on”

(Q44) “The tool was used in a very late stage while that should have been an argument to change the 
initial route to the market”

(Q45) “the technology development has from start to stop gone according to plan. So there have not been 
specific occurrences which hampered that process. Which is actually pretty impressive considering the 
risk profile and the uncertainties in the beginning and how hard the targets where, that was still smooth 
sailing.”

(Q46) [a discovery in the production process] “well, I think what happened is that we too early focused 
on the way to produce the product. We were too sure that this would work out, everything looked as 
if it would work out perfectly, there was a lot of internal experience in the company for that kind of 
competence. … that inhibited us from really looking at alternatives at that time”

(Q47) “I believe that we, and that is hindsight of course so that is easily said but I think that we really 
underestimated that [the technological difficulty which became critical for the performance]. And that 
is maybe attributable to not being in that technology or that market and having insufficient knowledge 
about that.” 

(Q48) “yes we need supply A, ok we do not have any understanding about that but there are companies 
which do, and that should be possible. … We were thinking of very simple examples which we thought 
would be feasible. But then we found that it is not that easy.”

(Q49) “a consultant out of the market was hired, but he was really a self-taught person with a sales 
background, so really streetwise smart. … streetwise smart is not someone who has the competence to 
conceptually oversee the entire value chain.”

(Q50) “When we started I was more of the opinion that a risk assessment is of course necessary but that 
it is very intuitive and that everybody would know what the biggest risks are. But that is a very personal 
view. Doing it in a structured way helps to either confirm your gut feel and also open up fields which had 
never been seen before. ”

(Q51) “So, if we would have imagined that the lead customer would not use our product, we would have 
signaled that as a high probability risk back four months earlier.”

(Q52) “But we did expect something else to influence the performance. The manufacturer of the product 
on which we would apply our technology guarantees a certain performance for their product. One of the 
conditions is that you do not tamper with their product. … And we had expected that to be much more 
critical for the performance. And what we found out was that a lot of customer do not consider that to be 
that important.”

(Q53) [the external partnering to develop a technology] “As I said, regarding that technological 
competence we can develop that ourselves but that costs us 10yrs. while there is an organization next door 
which has been doing that for a 100yrs. so why would you do it yourself, that is not our core competence.”
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(Q54) “And then we got the confirmation, it is in the materials, not that the product cannot technically be 
achieved but it is in its materials. Innovations had to be done in the field of the materials. In this area, the 
internal partner had its expertise and contributed”

(Q55) “If someone would have asked a critical question, then he would have said, go back into the market 
and prove me that this is indeed the case… nobody goes outside of the spectrum to challenge whether you 
have not forgotten variables or whether your assumptions are right that this is the right spectrum.”

(Q56) “On the one side it is easily said that the external challengers should have done a better job, but it is 
very difficult if you do not know which holes you are looking for.”

(Q57) [during development, the strategic take-over of the development partner] “No those kinds of things, 
those are listed companies, you can’t foresee that because that is just simply announced when it happens.” 

(Q58) [during market launch, quality issues of the product] “For the team it was a complete surprise 
because they did not test it in a realistic way and because they did not have the required knowledge, so 
they could have foreseen this.”

(Q59) [from the start] “Well we had two major uncertainties, the market acceptance, is the customer 
going to accept this product, and second, how will the product perform over time? … We organized the 
project in such way to test these uncertainties as fast as possible, together with Partner A”

(Q60) [from the start] “Starting in the bulk market was not a smart choice, there you have very low cost, 
and a low margin business so that is not wise to start with; as we knew that we would always start off 
with a more expensive solution, therefore we targeted the specialties segment.”

(Q61) [when you foresee or reduce uncertainty earlier] “either you speed up the process because you 
know what to account for. Or you are able to terminate the project as fast as possible which increases the 
efficiency of the organization.” 

(Q62) “But we did expect something else to influence the performance. The manufacturer of the product 
on which we would apply our technology guarantees a certain performance for their product. One of the 
conditions is that you do not tamper with their product. … And we had expected that to be much more 
critical for the performance. And wat we found out was that a lot of customers don´t consider that to be 
that important.”

 (Q63) [to reduce a critical uncertainty in the project about to complement the experience and 
competences a partnership was made] “eventually that partnership stopped because they were taken over 
and their priorities shifted”

(Q64) [During risk assessments] “The risk is indeed that you calculate the project to death. Because maybe 
you think of much more things which in the end turn out not to be an issue at all. So in hindsight you 
could say only if we would have done that, but in that way you can also be very destructive” 

(Q65) [a discovery in the production process] “well, I think what happened is that we too early focused 
on the way to produce the product. We were too sure that this would work out, everything looked as 
if it would work out perfectly, there was a lot of internal experience in the company for that kind of 
competence. … that inhibited us from really looking at alternatives at that time”

(Q66) “Especially in the early stages of the project it is good to broaden your view, if from the very 
beginning the value proposition had been strictly coupled to product benefit 1, I think we would not have 
done a number of activities which we did to learn.”
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