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II. Abstract 
 
This thesis describes the redesign of the Process Technology Development (PTD) process, 
which manages the development of manufacturing technologies within the Engineering 
Department of an aerospace component manufacturer. The PTD process is analysed through 
the selection of four case studies, and researches the underlying reasons for delivering radical 
manufacturing technologies too late to new products. The analysis showed that (1) 
preliminary work on projects is constrained, (2) there are no consistent and communicated 
technology strategies, and that (3) there are difficulties in abandoning technology 
development projects. Furthermore, the cases delivered general findings regarding the 
functioning of the process. The current PTD process is (4) capable of managing incremental- 
and radical innovations. However, no distinction is made between both innovations. Also, (5) 
radical innovations are predominantly executed in the pre-PTD stage. Based on these results a 
redesign is proposed followed by an implementation plan.  
 
Note: The content of this thesis contained proprietary information, and is therefore 
edited. For more details, please contact the author via jh.vandenbrink@gmail.com   
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III. Executive summary 
 
In the intense global competition of today’s business world innovation is regarded as a critical 
source of competitive advantage. Especially in high-tech technology manufacturing there is 
much emphasis on product- and process innovation. In this industry competitive capabilities 
are considered to be critical as a result of shortening of product life cycles. The shortening of 
product life cycles affects the development of process technologies, as there are 
interdependencies between both.  
 
Although, the underlying principles seem straightforward, managing the development of 
process technologies is not simple. One of the most important barriers to manage the 
development of process technologies is the segregation between incremental- and radical 
innovation. Literature suggests that the development of incremental- and radical innovations 
should be balanced to gain optimal competiveness. Yet, for process innovations this is more 
difficult than for product innovations, as process innovations are often derived from product 
innovations. Moreover, if process innovation is driven by specific product innovations, it is 
difficult to realise process innovations in time. Therefore, the following academic goal is 
formulated:  
 

“Gain scientific knowledge about the management of radical process innovation 
through the development of a redesign of the technology development process of an 
aerospace component manufacturer” 

 
To achieve the academic objective, case studies were conducted at an aerospace component 
manufacturer. The case studies were conducted in the Process Technology department, 
involved in the development of manufacturing technologies to manufacture aerospace 
components. The study followed the regulative cycle defined by Van Aken, Berends, and Van 
der Bij and started with a preliminary analysis to define the business problem. The perception 
exists that it is hard to be innovative in the current manufacturing technology development 
process, i.e. the Process Technology Development process. The process is too much driven by 
the development of new products, implying that technology development is synchronised with 
customer demand. This focus is considered to be detrimental for the development of radical 
innovations. The sketched situation suggests that the current Process Technology 
Development process is less suitable to generate and manage radical innovations. The latter 
implicate that radical innovations are delivered too late to Product Development (PD) 
programmes. Therefore, the following business problem statement is identified: 
 
 
       

 
 
 

The Process Technology Development process is perceived to be not fully 
suited to manage radical process innovation, resulting in too little 
radical process innovations and radical process innovations failing to 
meet the initial Product Launch date. 

To solve the business problem and to make a contribution to academic literature, the study 
included two analyses. The first analysis was conducted to validate the business problem by 
assessing the number of incremental- and radical process innovations in two PD programmes, 
and assessing the number of incremental- and radical innovations failing to be delivered on 
time to a  (both concerning Process Technology Development (PTD)). The second analysis 
researched the underlying causes for delivering process technologies too late. 
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These analyses made use of multiple data sources: interviews, documentation and 
observation. 
 
The first analysis, to validate the business problem, revealed that the process technologies 
developed in the two PD programmes were more radical innovative than expected, rejecting 
the perception that too little radical innovations are generated by the PTD process. However, 
the analysis confirmed the notion that radical innovations have a higher probability to be 
delivered too late to product development in contrast to incremental innovations (33% vs. 
6%).  
 
The second analysis focused on investigating the underlying causes for delivering process 
technologies too late. Furthermore, general experiences regarding the functioning of the PTD 
process were sought after. Four case studies were selected – Polish, Casting, Coating, and 
Welding – spread equally amongst incremental-, radical innovations and success, failure in 
terms of delivering technology on time to a PD programme. A within-case analysis was 
conducted to investigate the internal validity of for each case. Then, a cross-case analysis was 
conducted to find patterns between cases. The within-case analysis revealed that interviewees 
were fairly consistent in determining reasons for failure. The cross-case analysis identified 
that the problems regarding delivering technologies in time can be traced back to the way 
technology development is managed: 
 

1. Preliminary work is constrained by a lack of resources, funding and time constraints 
2. No substantial differences in causes for success or failure between incremental- and 

radical innovations were observed. However, the impact of the causes are, as 
described in the first analysis, are higher for radical innovations.  

3. There is no consistent, aligned and communicated technology strategy on 
organisational, and departmental level. 

4. PTD projects are difficult to abandon and therefore funding and resources are 
“wasted” by continuing these projects too long 

 
Furthermore, some general findings regarding the functioning of the PTD process are 
identified: 
 

5. The current PTD process is capable of managing incremental- and radical innovation 
with the current PTD process. However, no distinction is made between incremental- 
and radical manufacturing technologies and the potential implications this difference 
could make on the progression of the development project. 

6. The whereabouts of (radical) innovation is predominantly in the pre-PTD stage.   
 
Based on the conclusion and the definition of design specifications two redesign directions 
were selected. Firstly, introducing a Front End of Innovation, that produces an additional 
phase for (radical) innovation in front of the current PTD process and identifies the type of 
innovation from the start. The FEI is expected to deliver a more proactive outlook towards 
innovation, allow preliminary work and therefore prevents problems in later stages of the 
PTD process. Secondly, during the stage gate process it remains difficult to abandon projects. 
Rigorous criteria are introduced to the stage gate process gates to abandon projects that 
continued too long while the business benefits already evaporated. Preventing to waste 
funding, resources and time enables full dedication to beneficial projects. 
To support the realisation of the redesign an implementation plan was developed that 
portrayed the main objectives to be achieved and the expected resistance against each of these 
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objectives. The main source of resistance is expected to be “differences in opinion” and “low 
willingness to change”. These sources of resistance can be resolved by understanding the 
rationale behind the redesign is expected to decrease the level of resistance. Furthermore, an 
action plan was written describing the actions to be taken to implement the redesign. Also a 
cost-benefit analysis was conducted to verify the feasibility to pursue implementation of the 
redesign. This analysis showed that the redesign can be implemented with minimum cost. The 
majority of the costs concerns man-hours of employees implementing and using the redesign. 
 
Next to providing a solution for the business problem, contributions are made to scientific 
literature. The project contributes by introducing a proactive approach to new process 
development extensively embedded in practice. A FEI is introduced to strike a balance 
between free-exploration and business direction via the fee generation of ideas, funding of 
preliminary work connected to already existing business processes. Furthermore, the study 
has found evidence for structuring the FEI following a culturally acceptably degree of 
formality. This degree of formality was achieved by adding existing business processes in the 
FEI. Next, this study supports literature by confirming that stage-gate processes enables 
efficient and effective technology development. This project also confirmed that radical 
process innovations are often driven by radical product innovation. The study underlines the 
importance of redefining key definitions to a local context. Finally, this study supports the 
importance of conducting preliminary work. Solid up-front “home work” should be 
undertaken to prevent costly rework later in the PTD process.  
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1. Introduction 
 
In the intense global competition of today’s business world innovation1 is regarded as a 
critical source of competitive advantage. Especially in high-tech technology manufacturing 
there is much emphasis on product- and process innovation. In this industry competitive 
capabilities are considered to be critical as a result of shortening of product life cycles. The 
shortening of product life cycles affects the development of process technologies, as there are 
interdependencies between both. 
 
This study focuses on the management of process technology development to deliver these 
technologies in time to product development. Failing to achieve Product Launch (PL) 
possibly implies the loss of competitive advantage in the market. Timely making the right 
technology decisions is therefore mandatory to ensure that development of technology 
capability can be accomplished in time for exploitation in the creation of new products (figure 
1.1).  
 

 
Figure 1.1: Product development and manufacturing technology development times 

Synchronising the development of manufacturing technologies predominantly with the 
requirements of Product Design enhances the probability to deliver technologies too late. 
Especially, because it has been identified that the development of manufacturing technologies 
are more time consuming than the product development (Figure 1.1). Furthermore, the 
dominant focus of technology development related to Product Design also suppresses the 
development of radical technologies. Time, funding and resources are finite and need to be 
balanced between incremental- and radical innovations. 
 
Unfortunately, the management of radical process innovation is not straightforward. 
Literature suggest that the development of incremental2- and radical3 innovations should be 
balanced to gain optimal competitiveness. Yet, for process innovations this is more difficult 
than for product innovations, as process innovations are often derived from product 
innovations. Moreover, if process innovation is driven by specific product innovations, it is 
difficult to realise process innovations in time. In the extant academic literature these topics 
have not yet received sufficient attention. Therefore, the following academic goal is 
formulated:  
 

                                                 
1 Innovation is defined as an idea that is perceived to be new by the organization (Jayanthi and Sinha, 1998) and 
refer to the creation of a product, service, or processes (Veryzer, 1998) 
2 Incremental innovation (in this project) is defined as the improvement of existing manufacturing technologies 
to deliver a measurable , but small process improvement, based on a reasonably obvious technology 
development route. 
3 Radical innovation is defined as the development of manufacturing technologies that change the fundamental 
standard of the process and completely replace existing technologies that then enable a step change in product 
design. 
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“Gain scientific knowledge about the management of radical process innovation 
through the development of a redesign of the technology development process of a 
aerospace component manufacturer” 

 
Van Aken et al. (2007) identify two contexts where knowledge can be developed. First, an 
academic context in which a contribution is made to the existing body of scientific knowledge 
by addressing the current gaps in literature. Second, knowledge in a business context that has 
to yield a solution to a business problem. 
To address both objectives, this study will be structured in compliance with the business-
problem solving (BPS) approach as defined by Van Aken et al. (2007). A BPS project is a 
project that is started to improve the performance of a business system, department or a 
company on one or more criteria. Ultimately, the project should positively impact the profit of 
the company, but usually the objectives of a BPS project are of a more operational nature, 
related to the effectiveness and/or efficiency of operational business processes. The research 
methodology defined by Van Aken et al. (2007) is based on the reflective cycle as depicted in 
figure 2.3. The reflective cycle consists out of the regulative cycle designed for BPS, as 
defined by Van Strien (1997), and a reflective part that generates scientific knowledge. The 
project, therefore, consists of two parts. The first part will address the specific problems 
identified in the organization and the second part will reflect on the results obtained, and 
makes a comparison to the current state of academic literature. The knowledge generated 
during the reflection is considered to be design-oriented and is therefore presented in the form 
of a technical rule. “A technological rule is a chunk of knowledge, connecting a certain 
intervention or system in a certain context with a certain outcome. More specifically, the logic 
of the technological rule is: if your want to achieve Y in setting Z, than do X” (Van Aken et 
al., 2007: 35). 

 
Figure 1.3: The reflective cycle (excerpted from Van Aken et al., 2007 and Van Strien, 1997) 

 
In order to contribute to extant academic literature an empirical inquiry into actual cases of 
process technology development is required. Case studies provides the foundation for later 
reflection and the development of technical rules (refer to figure 1.3). The empirical part of 
this study has the form of a case study which, following Yin (2003; 13) can be defined as “an 
empirical inquiry that investigates a contemporary phenomenon within its real-life context, 
especially when the boundaries between phenomenon and context are not clearly evident”.  
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Yin (2003) discusses that case studies are recommended when the researcher investigates 
contemporary events, lacks control over behavioural events and the research addresses “how” 
and “why” questions. These characteristics make the case study suitable this study, and BPS 
projects in general, where controlled organizational manipulations are almost impossible, 
projects are related to present time, and the diagnosis and solution require understanding of 
the underlying aspects of the problem. 
 
The structure of the report is as follows. First, the academic literature related to managing 
radical innovations is reviewed to provide a theoretical foundation for the project. Then, the 
research methodology is provided including the case context, the research questions, data 
collection method and the redesign methodology. Next, the case analysis is started with 
validating the problem, followed by investigating the causes of the problem. The analysis 
forms the foundation of the redesign consisting of: the formulation of the design 
specifications (based on the analysis), the evaluation of design directions and the resulting 
design solution that is described in detail. The redesign chapter ends with the implementation 
plan which describes how the redesign can be realised in practice. Then, the scientific 
implications of the projects are discussed. Finally, the conclusions, limitations of the study 
and the areas of future research are outlined. Appendix II refers in detail how the structure of 
the report corresponds with the reflective cycle. 
 

2. Theoretical exploration 
 

The previous chapter introduced the problem discussed in this study concerning the suitability 
of the current PTD process to manage radical process innovation, in terms of numbers and 
failing to deliver the process technologies in-time. This chapter discusses the theoretical 
exploration of (the management of) innovations. Section 2.1 elaborates on the different forms 
of innovations described in literature. Section 2.2 presents the conclusions drawn from 
literature. Finally, section 2.3 outlines the approach taken to conduct this study. 
 

2.1. Innovation 
In the intense global competition of today’s business world innovation is regarded as a critical 
source of competitive advantage (Cooper, 1998; Jayanthi and Sinha, 1998; Burgelman et al., 
2004; O’Connor and DeMartino, 2006; Hage and Meeus, 2006; Khazanchi et al., 2007). 
Especially in high-technology manufacturing there is much emphasis on innovation. In this 
industry competitive capabilities are considered to be critical as a result of the shortening of 
product life cycles (Jayanthi and Sinha, 1998). Organisations do not only have to advance but 
also have to outperform competition on not one unique selling point but on multiple stages, 
ranging from constantly shortening their time to market to ensure high product quality at the 
lowest possible price (Miron, Erez and Naveh, 2004). The rapid rate of technology change 
cannot be longer described as luxury but as an economic necessity (Gupta and Wilemon, 
1990). Summarising, organisation has to quest innovations in order to create a steady stream 
of new products and processes in order to remain competitive in the fast pace economy. 

2.1.1. Segregation in innovation 
In theory, many distinct forms of innovation are identified in high-technology industries. A 
first distinction is made between product and process innovations based on the different areas 
and activities that they affect within the firm (Gopalakrishnan et al., 1999; Khazanchi et al., 
2007). Product innovation is defined as the development of new goods and services that are 
introduced for the benefit of customers. Process innovations are new tools, devices, and 
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knowledge in throughput technology that mediate between inputs and outputs 
(Gopalakrishnan et al, 1999).  
A second distinction is between incremental and radical innovation. Incremental innovation is 
defined as the adaption, refinement, and enhancement of existing products and services and/or 
production and delivery systems (Burgelman et al., 2004). Radical innovation can be defined 
as “the propensity of a firm to introduce new products that (1) incorporate substantial 
different technology from existing products and (2) can fulfil key customer needs better than 
existing products” (Chandy and Tellis, 1998: 475). However, the distinction between radical 
and incremental innovations does not only concern product innovations. Burgelman et al. 
(2004) argues that radical innovations are also applicable for service categories and/or 
production and delivery systems.  
Pursuing innovation is a balancing act. Engaging exclusively in either incremental 
(exploitation) or radical innovation (exploration) is regarded as self-destructive for 
organizations (Jayanthi and Sinha, 1998). The same can be argued for product and process 
innovations. Hage and Meeus (2006) posit that both product and process innovations are 
important for the competitiveness of firms and the economic growth and advancement of 
society. 

2.1.2. Managing innovations 
Although radical and incremental innovation needs to be pursued simultaneously, they pose 
different and sometimes conflicting demands. For instance, overlapping product development 
(i.e. the close association and integration of design and manufacturing functions) is only 
suitable for incremental innovations because the structure is too rigid to promote radical 
innovations (Handfield, 1994). 
Product and process innovations are complementary (Damanpour and Gopalakrishnan, 2001; 
Hage and Meeus, 2006). Organizations should pursue product and process innovations at the 
same time to gain full benefits (Damanpour and Gopalakrishnan, 2001). On a lower level, to 
which extent does product design and manufacturing engineering cooperate in the 
organizational environment. Product design is, after all, principally responsible for product 
innovations and manufacturing engineering for process innovation, for both incremental and 
radical innovations. Many scholars favor the overlapped product development cycle that 
advocates the integration of product design and manufacturing via early involvement of 
manufacturing in the design process. Examples of techniques frequently used in practice are 
Design for Manufacturing (DFM) and concurrent engineering. Interestingly, academics 
suggest that the environment, for both process and product innovations, regarding incremental 
and radical innovation is very different. Factors that favor incremental innovations are 
determined to include lower perceived environmental dynamism, higher age and larger size of 
the firm, greater number of intra-firm structural linkages and a higher age of organizational 
policymakers. In contrast, radical innovations are associated with high perceived 
environmental dynamism, lower age and smaller size of the firm, greater number of intra-firm 
structural linkages, more experimentation, transition or sequencing from product or product to 
another and a lower age of the organizational policymakers (Koberg et al., 2003) (refer to 
figure 3.1). In support, McDermott and Handfield (2000) posit that the uncertainty and 
volatility of radical innovations are related to a very different environment than that of an 
incremental innovation. As a result it is speculative to suggest that integrative approaches like 
concurrent engineering or DFM are applicable for both incremental and radical innovations. 
This viewpoint is supported by Handfield (1994: 392) who argue: “concurrent engineering is 
especially suited to incremental innovations, in that defects are lower and even improved 
when concurrent engineering is used”. 
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Figure 3.1: Environmental differences between incremental- and radical innovations 

 

2.2. Literature conclusion 
Existing research has insufficiently addressed the simultaneous management of product- and 
process innovations, and the implications innovativeness (incremental/radical) has on 
managing these. The scholarly literature does not address this topic extensively. Some 
academics, however, have recognized the importance of the topic. Reichstein and Salter 
(2006) identify that it is essential to assess interactions between the degree of innovation 
(incremental/radical) and the type of innovation (product/process) to identify relationship 
between product and process innovations. The results identified by these authors however, 
assess only a general level of innovation, i.e. the underlying aspects on departmental level are 
not addressed. Reichstein and Salter (2006) identify that incremental and radical innovations 
are correlated. This indicates that new products may beget new processes and vice versa; 
radical product innovators are likely to be radical process innovators etc. Similar findings are 
reported by Sen and Egelhoff (2000) by claiming that organizations can reconcile radical and 
incremental cultures but encountering difficulties to bridge the product-versus-product divide. 
Interestingly, Sen and Egelhoff (2000) assess this topic in relation to the engagement of 
organizations in alliances. Conversely, Reichstein and Salter (2006) address this topic as a 
primary question in their research. 
 

2.3. Approach 
The approach that is used to conduct this study is based on the practical need formulated by 
the organisation. Within ED knowledge about managing innovation is in its infancy. 
Therefore, the requirement existed to become more acquainted with dealing with innovations, 
and especially radical innovations. This approach started with an open perspective towards 
existing concepts and theories. Gradually, more practical knowledge was obtained that served 
as the foundation of this research. Practical knowledge was obtained via informal discussions, 
documentation, daily-work and meetings. This practical knowledge was complemented by 
academic literature that formed as a foundation of the practical knowledge acquired.   
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3. Research methodology 
This chapter elaborates on the methodology utilised to determine a solution to the stated 
problem, consisting of analysis, redesign and validation. Section 3.1 discusses the case study 
context. Section 3.2 presents the problem statement and research questions. Then, section 3.3 
outlines the method of data collection and analysis. In section 3.4, the methodology for 
redesign is presented. Section 3.5 discusses the expert opinions gathered for validation. The 
chapter ends with outlining the validity and reliability of this project.  
 

3.1. Case context 
The case context of this study is a manufacturing organisation in the aerospace industry. The 
aerospace industry has been chosen because innovation, in both products and processes, are 
critical due to intensive rivalry on the market. The necessity is recognised by the organisation 
via sustained investments in technology and infrastructure. The investment is technology is 
twofold.  On one side, opportunities are seen in the development of technologies to improve 
existing products/processes and new products/processes to offer the customer increased 
performance. The other side emphasizes on operational efficiency, i.e. creating a set of 
standardized and improved technologies across the business that enable competitive pricing. 
Ideally, technology development should emphasises on current customer demand in 
combination with the presence of “on the shelf” technologies for future generations of the 
products/processes. However, the organisation perceives that the management of this process 
can be improved. 
 
The study is conducted within the PTD department that manages the development of process 
technologies. The department plays a facilitating role and provides support for the 
development of process technologies via a specialised stage-gate process (the PTD process)4. 
This department has been chosen because of the potential to provide insight in the way 
current process technologies are managed and where potential improvements can be made.   

 

3.2. Research questions 
The business problem is related to the requirement of managing radical process innovation 
appropriately. Currently, the perception exists that it is very hard to be innovative in the ED 
environment and the PTD process. Too much focus is on monitoring disadvantages; like risk 
management, cost management and uncertainty avoidance. Moreover, there is a climate of 
“doing it right the first time” and pursuing the perfect solution (in terms of short-term 
performance). This way of working is driven by the product orientation of the PTD process, 
implying that technology development is synchronised with current customer demand. 
However, this customer dominance is considered detrimental to the innovativeness of 
technology development. More radical innovations are regarded to be more time consuming 
(Song and Montoya-Weiss, 1998), risky (Harris, 2003) and uncertain (Tushman and 
Anderson, 1986) and therefore less capable to be managed in the current 
environment/process. 
The current environment/process strenghten the perception that the organisation is facing 
difficulties in developing radical technologies. There is much focus on developing Product 
Development related technologies, suppressing the development of radical technologies 

                                                 
4 Refer to Appendix I for more information regarding the PTD process 
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(funding, resources and time are not infinite). Furthermore, the organization faces difficulties 
in delivering manufacturing technologies in time to PD programmes. The current PTD 
process is perceived to less suitable to manage radical technology development. The 
environment concerning radical technology is considered to be more “free” than the current 
process containing a mechanistic stage-gate approach. Therefore, the following business 
problem statement has been identified:     
 
 
 
 
 
 

The Process Technology Development process is perceived to be not fully 
suited to manage radical process innovation, resulting in too little 
radical process innovations and radical process innovations failing to 
meet the initial Product Launch date. 

The business problem statement incorporates two important definitions: 
• The Process Technology Development process is used “to manage the development 

and implementation of new manufacturing capabilities across domestic facilities and 
the supply chain” 

• Radical process innovation is defined as “a manufacturing technology that changes 
the fundamental standard of the process and completely replaces existing technologies 
that then enable a step change in product design. Moreover, they should deliver 
measurable cost, quality or delivery benefits”. 

 
Subsequently, out of the problem statement the following research questions are formulated:  
 

1. How innovative is the Engineering Department in the development of process 
technologies? 

2. How often do radical process innovations fail to meet Product Launch? 
3. What are the causes of the failure to deliver radical manufacturing technologies in 

time? 
a. Which part of the Process Technology Development process can be regarded 

as critical to deliver technologies in time? 

 
3.3. Data collection and analysis 

Case studies typically combine multiple methods of data collection such as archives, 
interviews and observations (Eisenhardt, 1989). The use of multiple sources of evidence 
enhances the strength of the case study by allowing the investigator to address a broader range 
of historical, attitudinal and behavioural issues (Yin, 2003). However, more importantly, 
several sources of evidence enable data triangulation, i.e. the analysis of the results of several 
data sources to enhance the construct validity of the project. As a result, multiple methods of 
data gathering were selected: interviews, documentation and observation.    

3.3.1. Validating the problem 
As previously discussed, the first step of this study was to validate the problem, which 
consists of two parts: investigating the innovativeness of the ED (answering research question 
1), and assessing the number of projects that failed PL (answering research question 2). For 
the validation of the problem several data sources were used. 
 
Documentation & interviews 
First, an investigation was conducted to learn to which extent ED was radically innovative in 
developing technologies. This was executed based on a register which contains all projects 
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that are developed with support of PTD (from Product X and Y). Individual lists were 
compiled for each of the four departments. 
Based on these documents interviews were conducted with the senior PTD managers to verify 
the type of innovation for each technology (incremental or radical). The assessment delivered 
percentages for each type of innovation, for Product X and Y. Afterwards, these results were 
validated by conducting a new series of interviews to confirm the results. 
 
Second, the magnitude of technologies delivered too late to Product X was investigated.  Data 
from multiple sources were gathered and connected to each other. This combined data set 
presented the technologies initially defined, and actually delivered to the product. The 
document provided a profound overview of the development of individual technologies in the 
Product X.       

3.3.2. Data analysis methods – validating the problem 
The data analysis methods used for validating the problem utilised an “open” approach. No 
prescribed framework or method was used. The interviews in this stage were processed via a 
matrix. All interviewees were gathered in one table (see Appendix VI) and compared 
subsequently. Important remarks were highlighted using several colours. 
The documentation also did not use a prescribed approach. The documentation was compiled 
and aligned, and subsequently calculated using the tools provided by Microsoft Excel. 

3.3.3 Causes of the problem 
The second part of the study consisted of investigating the causes of the problem (answering 
research question 3). This part is dominated by the data source, interviews. Furthermore, these 
interviews are complemented with observations in the field. However, before the causes of 
the problem are investigated, the case selection is discussed first. 

3.3.4. Case selection 
This project the decision is made to conduct multiple case studies. Multiple case studies have 
distinct advantages over single case designs (Yin, 2003). The evidence from multiple cases is 
considered to be more compelling, and the overall study is therefore regarded as more robust. 
Furthermore, multiple case studies offer the ability to replicate or contrast findings. Contexts 
of multiple cases are likely to differ to some extent. Arriving at the same common conclusion 
under varied circumstances expands the external generalisability of findings. Alternatively, 
this design enables the selection of contrasting situations and therefore compares results. 
Four cases were selected based on the pragmatic and theoretical grounds displayed in table 
3.1. 
 
Table 3.1: Grounds for case selection 

Pragmatic Theoretical 
Removed An equal division between incremental- and radical 

innovations to determine potential differences. 
Only real technologies are included, no services, 
procedures etc. are considered. 

Removed 

 Projects were selected based on an equal division of 
successful and failed projects, i.e. driven by 
considerations about the dependent variable delivery 
in time (Van Aken et al., 2007). 

 
Following these grounds a case selection is made (refer to table 3.2). 
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Table 3.2: Case selection 

Cases Innovation type Outcome 
Polish Radical Failure 
Casting Radical Success 
Welding Incremental Success 
Coating Incremental Failure 
 
For investigating the causes for delivering technologies too late, several sources of data were 
used. 
 
Interviews 
A total of 12 interviews were conducted within the four case studies. This number is in 
accordance with Kvale and Brinkmann (2008) who argue that the number of interviews tends 
to be around 15+/-10. The number is chosen due to a combination of time available and the 
law of diminishing returns (beyond a certain point, adding more participants will yield less 
new knowledge). Table 3.3 portrays the characteristics of the interviewees and the number of 
participants per case. The interviewees were selected based on their involvement in the 
project and their function. The final selection was made in discussion with the project owner 
of each project, retrieved from the latest PTD project register. 
Table 3.3: Interview characteristics 

Project Interviews 
Polish 3 
Casting 3 
Welding 3 
Coating 3 
 
In this project, semi-structured interviews were conducted that lasted approximately one hour.  
A semi-structured interview “seeks to obtain descriptions of the life world of the interviewee 
with respect to interpreting the meaning of the described phenomena” (Kvale and Brinkmann, 
2009: 124). These interviews are characterised by a sequence of themes to be covered, as well 
as suggested questions. Yet at the same time there is openness to change the sequence and 
form of questions to allow follow up of specific answers given by the interviewee.  
The interviews were guided by an interview guide, which was set up in the form of predefined 
questions. The interviews conducted were predominantly of an open-ended structure, in 
which the respondents were asked about facts of a matter, as well as their opinion about 
events (Yin, 2003). Furthermore, some questions were included that asked the interviewee to 
propose their own insight into certain occurrences which were used as a basis for further 
inquiry. Additionally, “closed” questions were asked that directly introduced 
topics/dimensions to confirm and validate. 
The interviews were introduced by a short briefing in which the need for the interview was 
discussed shortly, permission was asked to use a voice recorder and the interviewee’s were 
offered the opportunity to clear obscurities (Kvale and Brinkmann, 2009). During the 
interviews emphasis was on asking second questions to allow the interviewer to obtain 
support for answering the research questions, instead of focusing too much on the interview 
guide and methodological rules. Additionally, leading questions, originated from suggestive 
formulation, were avoided as much as possible. 
Finally, a debriefing followed-up the initial briefing by asking if the interviewee had anything 
more to say before rounding off the interview (Kvale and Brinkmann, 2009).     
 
Observations 
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Observations were used to obtain more insight in the functioning of the PTD process in the 
current engineering environment. Most of these insights were obtained by attending meetings 
regarding the progression of particular projects through the PTD process. In this way, insight 
was obtained how the PTD process works in reality, which people are involved, and which 
procedures are used. Furthermore, attending these meetings provided insight into the culture 
of the organisation.    
 

3.3.5. Data analysis methods – causes of the problem 
The interviews were analysed via displays of qualitative data. The data analysis of the 
interviews consists of the within-case analysis and the cross-case analysis. A within-case 
analysis is a display of a single case that permits detailed analysis. The cross-case analysis 
enables the understanding of differences between cases and is therefore suitable to make a 
comparison. 
 
Analysis of the interview data started with the selection of appropriate displays of qualitative 
data. Miles and Huberman (1994) suggest several types of displays for within-case 
descriptions: partially ordered, time-ordered, role-ordered, and conceptually ordered displays. 
In this project, the conceptually clustered matrix is chosen because it is closely related to the 
research questions, allows an initial comparison between the interviewees and lends itself 
easily for cross-case analysis (Miles and Huberman, 1994). The cases are presented in a full 
set of matrices, one for each case. Furthermore, the causal relationships that exist within each 
case, that lead to the outcomes, are represented in cause-and-effect diagrams. 
 
The next step is to conduct a cross-case analysis. During this step a comparison is made 
between findings from each of the cases. Also for the cross-case analysis Miles and 
Huberman (1994) propose several types of displays: partially ordered displays, conceptually 
ordered displays, case-ordered displays, and time-ordered displays. The cross-case analysis is 
conducted based on a case-ordered matrix because it displays data case by case, ordering the 
data according to variable of interest (Miles and Huberman, 1994). Again, the cross-case 
results are displayed in a cause-and-effect diagram.  
 
The final step consists of identifying areas for redesign in the PTD process based on the 
results of especially the cross-case analysis. The analysis is discussed in chapter 4 and 5.    
 

3.4. Redesign methodology 
The design process depicted in figure 3.1 describes the steps to realise the redesign of the 
PTD process.  
 

DesignDetailingOutline designSketchingDeveloping 
specificationsProblem analysis

Process management

Perceived 
and 

validated 
need  

Figure 3.1: The design process (Van Aken et al., 2007) 

The actual redesign starts from the formulation of the design specifications. The main input 
for the specifications are the analysis of the PTD process, complemented with observations, 
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informal discussions and knowledge obtained from written materials. After setting the design 
specifications the sketching starts. Sketching forms the informal exploring stage of the design. 
The intention is that many design iterations and exploration take place during this stage. The 
outline design is more formal containing all the decisions with respect to the key design 
dilemmas. The conceptual design should be fairly robust in order that the time- and money- 
consuming detailing can be done without further iterations. 
 
The design activity will generate two “products”, the object design and the realisation design. 
The object design is a description of the actual solution, the realisation design explain how the 
solution is created in reality (Van Aken et al., 2007).    
 
The design process is not a mechanistic approach that follows the phases in a fixed sequence. 
Some of the design work is carried out in parallel to other design activities. Furthermore, the 
arrows in the upper part of the figure display iterations and exploration, indicating the 
continuous quest to improve the redesign. 
 

3.5. Expert validation 
Van Aken et al. (2007) argue that students should not play pure expert roles, making analysis 
and designs independently. More constant interaction with the client organisation should exist 
to test results and develop organisational support for the proposed solutions. To accommodate 
interaction with the organisation, to validate the redesign, experts were consulted5. The 
experts’ speculations, guesses, and estimates serve as “cognitive” input in validating decisions 
made in the design process (Lee and Smidts, 2003). 
 
In this project expert opinion was especially used in the sketching stage of the redesign. The 
areas of redesign and the “solutions” were discussed in a semi-structured way. These 
discussions gained wide support and new insights into the redesign. The experts originated 
from several roles, departments and have different functions. 
 

3.6. Validity and reliability  
A research design is supposed to represent a logical set of statements that can be judged 
according to certain logical tests (Yin, 2003). Four tests are commonly used to establish the 
quality of any social research, including case studies. Table 3.5 lists the four widely used tests 
and recommended case study tactics. Additionally, the phase of research in which the tactic 
occurs is also represented in the table. 
Table 3.5: Quality criteria (Excerpted from Yin, 2003) 

Tests Case study tactic Phase of research in which 
tactic occurs 

Construct validity - Use multiple sources of evidence 
- Establish a chain of evidence 
- Have key informants review draft case 

study report 
 

Data collection 
Data collection 
Composition 

Internal validity - Systematic analysis 
- Multiple case studies 

Data analysis 
Research design 

                                                 
5 An expert is a person, who by the virtue of education, training, skill, or experience, is believed to have 
knowledge in a particular subject beyond that of an average person, sufficient that others may rely upon the 
experts specialised opinion.  
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External validity - Use replication logic in multiple-case 
studies 

 

Research design 

Reliability - Use a case study protocol Data collection 
 
The first test, construct validity, refers to the establishment of correct operational measures 
for the concepts being studied (Yin, 2003). The first tactic implemented in this study is the 
usage of multiple sources of evidence (interviews, documents and observation). This tactic is 
referred to as triangulation; the use of multiple research instruments to combine the results 
obtained with them (Van Aken et al., 2007). If one research instrument is not able to cover all 
aspects of the concept, the lack of construct validity can be remedied by using an additional 
instrument. The second tactic is establishing a chain of evidence. The principle is to allow an 
external observer to understand the derivation of evidence, ranging from initial research 
questions to ultimate case study conclusions (Yin, 2003). First, the report makes sufficient 
citation to relevant portions of the case study data. Second, the data reveals under which 
circumstance the data collection was undertaken. Third, these circumstances are consistent 
with specific procedures and questions contained in the case study structure. Finally, the 
structure indicates the link between the content of the structure and the initial study questions. 
The final tactic to assure construct validity is the review of preliminary reports by key 
informants, especially the company and university supervisors.  
 
The second test, internal validity concerns causality. “A cause-and-effect relationship can 
only be asserted if there is true covariation between the variables under investigation, the 
procedures used to gather the data demonstrate that the cause preceded the effect, and 
alternative explanations have been discarded” (Scandura and Williams, 2000: 1252). To 
assure internal validity, a systematic analysis is performed across all cases to assert causal 
relationships between cases. Furthermore, diverse participants from different departments 
participate to enhance the internal validity.  
 
Third, external validity refers to the extent to which the results of the study can be generalised 
to other people, places or conditions (Graziano and Raulin, 2004). Although, Van Aken et al. 
(2007) suggest that external validity is often less important in BPS projects due to their focus 
on specific problems, it is necessary to assess if the results are also generalisable to other PD 
programmes. In this project multiple case studies are included to enhance the external 
validity. Each case is carefully selected so that it predicts similar results. Arriving at the same 
common conclusion under these varied circumstances has immeasurably expanded the 
external generalisability of the findings. 
 
Finally, reliability refers to the demonstration that the operations of a study can be repeated 
with the same results. Although the issue of reliability is difficult to include totally, many 
errors can be prevented by conducting case studies via a structured method and by recording 
preliminary results accordingly. When reflecting on the reliability of the design methodology, 
the expert opinion is less reliable in terms of repeatability. Informal, though relevant, 
discussions were held following a loose approach. 
 

4. Analysis – Validating the problem 
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4.1. Assessment phase 
The assessment phase consists of two parts. The first part investigates the innovative character 
of technology development projects within the ED, i.e. determining the number of 
incremental- and radical innovations. The second part reviews the history of each major 
component during the PD programme, measured against the PL date of a product. This review 
assesses if technologies from the initial requirements were delivered on time, i.e. defining 
project success or failure.  

4.1.1. Innovation assessment 
The first part comprises an innovation assessment of the PD product “X” and “Y”. The 
assessment is executed by interviewing senior PTD managers about the technology 
development projects conducted within their department. The data source for the discussion is 
a review document that is used to monitor the PTD process (i.e. the technology readiness 
level of the technology) within the departments and PD programmes (refer to Appendix VII 
for the assessment guideline). 
The foundation of the assessment formed the definition of the different types of innovations 
(incremental- and radical innovation) to be used during the discussion.  
The definitions of incremental- and radical innovation appeared to be ambiguous. Founded on 
earlier discussions with the PTD managers, it appeared that the definitions provided in 
literature were difficult to relate to the organisational context. Therefore, new definitions were 
created based on the definitions provided by individual PTD managers.  
 

• Incremental innovation is defined as “the improvement of existing manufacturing 
technologies to deliver a measurable, but small process improvement, based on a 
reasonably obvious technology development route. 

• Radical innovation is defined as “the development of manufacturing technologies that 
start from a clean sheet of paper, only stating a goal without reference to what is done 
today. These technologies change the fundamental standard of the process and 
completely replace existing technologies that then enable a step change in product 
design. 

 
However, it should be noted that these definitions are applied in an organizational context. 
The ED is focused at delivering manufacturing technologies within the organisation and not 
to compete with the outside world to supply other companies. 
 
The results for Product X are summarized in table 5.1. On departmental level, the conclusion 
can be drawn that the percentage of radical innovations differs substantially between the 
departments, ranging from department 3 (0%), department 2 (8.1%), department 1 (14.3%) to 
department 4 (44.4%).  
Overall, the departments determine 14% of their innovations radical and 86% incremental.  
 
Table 5.1: Findings innovativeness assessment Product X 

 Process/ 
Incremental 

Process/ 
Radical Total % Radical 

innovative 

Department 1 6 1 7 14.3 

Department 2 34 3 37 8.1 
Department 3 6 0 6 0.0 
Department 4 5 4 9 44.4 
Total 51 8 59  
Overall % 86.4 13.6 
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The aforementioned results are depicted in figures 4.1 and 4.2, and are detailed on 
departmental level. The main conclusion that can be drawn is that the contribution of 
incremental process innovations from department 2 compromises an excessive 61% of the 
projects executed in the departments. 
 

 
Figure 4.1: Innovativeness divided by innovation type and department (Product X) 
 

 
Figure 4.2:  Innovativeness divided by department (Product X) 
 
A similar data set was compiled to assess Product Y (see table 4.2). The main reason is to 
allow the analysis of differences between PD programmes.  
In general, there are notable differences between the Product X and Y. The amount of radical 
projects of department 1 and department 2 increase significantly to respectively 33.3% and 
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32.1%. Furthermore, the percentage of radically oriented projects within department 3 is 
higher than in Product X, namely 52.6%. Only department 4 can be regarded as fairly stable 
with 55.6% radical innovations. Overall, the percentage of radical innovations is higher than 
before, 44%. The percentage of incremental innovation is 56%  
 
Table 4.2: Findings innovativeness assessment Product Y 

 Process/ 
Incremental 

Process/ 
Radical Total % Radical 

innovative 

Department 1 2 1 3 33.3 

Department 2 19 9 28 32.1 
Department 3 9 10 19 52.6 
Department 4 8 10 18 55.6 
Total 38 30 68  
Overall % 55.9 44.1 
 
Similar to the Product X data, a graphic representation of the findings is shown in figure 4.3 
and 4.4. The main conclusion drawn is that the contribution of incremental process 
innovations from department 2 is still notable but decreases to 28%. In contrast, the 
percentage of radical process innovations is rising (13%). This pattern is also visible within 
department 3 and department 4, the percentages of radical innovations are higher in 
comparison with the lower percentage of incremental innovations. 
 

 
Figure 5.3: Innovativeness divided by innovation type and department (Product Y) 
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Figure 5.4: Innovativeness divided by department (Product Y) 

 
The average results, consisting of Product X and Y data combined, suggest that the 
percentage of radical innovations is higher than expected (refer to Appendix V). Overall, the 
departments determine 30% of their innovations radical and 70% incremental. 

4.1.2.  Innovation assessment validity 
Based on the data presented in this section, overall conclusions can be drawn that provide 
insight in the innovative characteristics of ED. Overall, the assessment generated the 
following results: 
 

1. The percentage of radical innovations is significant, and in contrast with the perceived 
low innovativeness of the senior PTD managers in initial interviews. 

2. The findings between Product X and the Product Y data are far from consistent 
(respectively 14% radical in contrast to 44%) suggesting a substantial difference in 
innovativeness between PD programmes. 
 

Especially, the outcomes regarding the innovation percentages are considered to be in contrast 
with the expectations of the people involved in the project. Combined with inconsistent 
outcomes between both PD programmes, validation is required. Therefore, the results were 
discussed with senior PTD managers.  
 
Four follow-up interviews were scheduled to discuss the results of the innovation assessment 
with the senior PTD managers who participated from the start. The interviews, that lasted 
around 45 minutes, were designed to generate background information about the overall 
results and the individual results of the departments, making a distinction between the Product 
X and Product Y. The interviews were based on a customized handout for each department 
that contained pie charts of the overall results, department results and some summarizing 
tables (similar to those presented in this chapter). Based on these handouts, a list of questions 
was prepared that formed the main input for the interviews. Some specific open questions 
were raised, although plenty of opportunity was provided to encourage in-depth analysis of 

Master Thesis  29 
 



Managing the Development of Radical Innovations in an Aerospace Component Manufacturing Organisation 

the results. Shortly before the interviews the interviewer provided the handouts. Permission 
was asked, and granted in all cases, to record the interview. This made the compilation of 
accurate transcripts possible. The results of the interviews were subsequently summarized in 
the table presented in Appendix VI. This table summarizes the questions asked, the individual 
answers, and where possible a general conclusion. 
Referring to the main results identified in the innovation assessment it seems fair to 
acknowledge that the organisation predominantly focuses on incremental innovations, i.e. 
things similar to what the organisation already does. However, the senior management concur 
on the significant presence of radical innovations. 
The gap in radical innovativeness between the product X and Y can also be explained. All 
departments concur that Product X is a fairly standard product in the product range, and that 
Product Y can be described as a more radical step change and thus contains more radical 
innovations. Product Y is more radical because it has more innovative requirements, a more 
complex design.  
 
The results provide a direct answer to the first research question. It can be concluded that ED 
is fairly radical in term of technology development. This finding therefore rejects the notion 
that this study should improve the number of radical innovation generated by the PTD 
process. 

4.1.3. Component review 
The second part of the assessment phase consisted of a review of the component data of the 
Product X PD programme. The predominant goal of this review was to validate the problem, 
i.e. investigating how many incremental- and radical innovations fail to achieve PL.    
 
The review was structured to make a historical assessment of manufacturing technologies 
specified in the initial component requirements and technologies that actually were 
implemented in the launch product. To enable the gathering of this data, multiple data files 
were aligned (see Appendix VII). This provided insight into the magnitude of projects that did 
not achieve the PL date. Projects that were designated as “successful” (i.e. achieved PL) 
required having a complete history from the first requirements to the delivery to the first 
product. Projects that were designated as “failure” also had a history from beginning till 
delivery and were delivered too late. The final results are portrayed in table 4.1. 
Table 4.1: Project failure 

Innovation type Number of projects Delivered too late Failure in % 
Incremental 18 1 6% 
Radical 6 2 33% 
 
The results provide a direct answer to the second research question. 33% of the radical 
process innovations are not delivered in time for PL. Conversely, incremental innovations 
have a higher probability to be delivered on time, only 6% failed to achieved the PL date. 

5. Analysis – Causes of the problem 
This chapter presents results from the analysis of the current PTD process operated within the 
ED at a major aerospace component manufacturer. Section 5.1 discusses the results of the 
within-case analyses. After that, these results were used in the cross-case analysis (section 
5.2). Finally, this chapter presents the conclusions drawn from the analysis (section 5.3). 
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5.1. Within-case analysis 
Appendix VIII present a conceptually clustered matrix for each case. The topics covered in 
this matrix are delays in the project, success- and failure factors6 to meet product launch, 
location of innovation in the PTD process, and possible areas of improvement for the PTD 
process. This section only describes the most important aspects of the four case studies. The 
specific causal relationships, of each individual case, are represented in Appendices IX to XII. 
 

5.1.1. Case 1: Polish 
A major delay was caused by resource scarcity. The polish project was struggling to get 
resources when needed. For example, there was only one employee trained to program the 
machine tool. The magnitude of the problem is also visible in the success- and failure factors. 
A lack of resources was mentioned by each interviewee (3). Other related factors that were 
mentioned were a lack of funding (failure) and technology capability (success). The 
underlying cause for these observations is believed to be the lack of a clear strategy and 
therefore little mutual understanding between PTD and FD (provider of funding to projects). 
The technology focus of PTD is difficult to understand for FD, which allocate funding 
founded on benefits (in £). FD has difficulties in understanding the direct benefits from the 
technology development project. This results in FDs preference to fund short-term 
incremental projects with low perceived risks, these are more predictable in terms of 
performance revenues etc. Therefore, radical technologies (like polishing) have more 
difficulties to secure early funding, and resources to conduct preparatory work.   

It is evident that the technology had been insufficiently explored prior to introduction 
in the PTD process. Technology exploration is required to be done in the very early stages of 
the PTD process.  

 

5.1.2. Case 2: Casting 
In the casting project the most significant delays were caused by technology issues 
encountered due to rushing into the project too quickly and therefore comprising the setting a 
profound technology foundation.  
Rushing into the project resulted in overlooking some issues that arose later in the project, 
when corrective action became increasingly time consuming and costly. Another factor that 
strengthened this relationship is the priority setting in this project. Project members were 
expected to deliver technologies for immediate implementation and the development of the 
new technology was obviously considered less important.  
The rush can be explained by the failure factors indicating that the product design is released 
too late for the given PL date which remained unchanged. This situation leads to hasty work 
in the actual development of the technology to “win” time. This situation arises particularly 
when engaging in radical technologies which are more demanding in terms of development 
time, trials and not to forget their often long learning curve. 
The delays incurred in this project can be related to the necessary success factors determined 
by the interviewees. Important success factors are funding and the timely allocation of 
resources. Limited or late allocation of funds and resources hampers the preparation of a 
sound technology base prior to the actual introduction of the new technology. Scanty funding 
deprives a project of its sense of importance and consequently reduces the level of 
commitment of all involved. In comparison with production related projects, new technology 

                                                 
6 In the analysis no distinction is made between delays, success factors and failure factors. These denominators 
are all related to delivering process technologies to production, which makes a sound distinction difficult.  
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projects often have an air of Cinderella about them preventing, even very promising, 
projects/technologies to come to fruition. 
These observations should bear in mind when proposing improvements to prevent future 
delays in technology development projects. 
Similar to the polish project, it is recognised that the technology should have been explored 
earlier in the pre-PTD and early TRL phases. 
 

5.1.3. Case 3: Welding 
In the welding project the most important delay identified is a lack of time. This lack of time 
compromises activities in the technology development process in order to save time. This 
finding relates to the determined success factors funding and resources. Insufficient up-front 
funding and resource reservation severely hamper the pre-PTD technology development 
which is so important for the smooth transition into application of the new technology. 
Similar to the projects discussed previously, it is recognised that the technology should have 
been explored earlier in the pre-PTD and early TRL phases.  

5.1.4. Case 4: Coating 
A major delay in the coating project was caused by the difficulty to get purchase orders out. 
Purchasing “prevented” spending money, which resulted in considerable delay in getting 
orders placed while the PL date remained unchanged. This implicates that the effective 
development time decreased because you need the materials to start the project. Furthermore, 
this project has seen difficulties in interfacing between different functions within the 
organisation (purchasing, technical departments etc.). The coordination is difficult because it 
is such an expansive project and takes a lot of time to align people when necessary. Especially 
the first delay can be related to a project success factor mentioned in the interviews. Project 
success is dependent on sufficient time to develop the technology. Insufficient time leads to 
quality concessions to meet (unchanged) delivery dates. When analysing the areas of 
improvement there are several underlying reasons that contribute to these time constraints. 
Planning is recognized to be at the origin of the problem, and considered to be often 
unrealistic. Therefore one interviewee recognizes that it would be beneficial to have more 
peer reviewers to run the PTD process effectively. Additionally, more outside people should 
be involved. These measures would enable an independent view on the progression of the 
programme. As a potential solution, the introduction of a pre-PTD stage is mentioned to select 
and manage innovation, before entering the PTD process, properly. This should include 
clearer decisions to preselect projects in order to optimise the use of scarce funding and 
resources on the most beneficial projects. The cause-and-effect diagram for this project is 
presented in Appendix XII. 
Also in this project it is recognised that the technology should be explored earlier in the pre-
PTD and early TRL phase stage. 
 
The within-case analysis shows that there was agreement between interviewees in the cases 
about major delays in the different projects. Furthermore, the cases made it possible to link 
the delays, success factors, failure factors and PTD process improvements together (resulting 
in the cause-and-effect diagrams). Therefore it can be said that the interviews revealed some 
clear patterns, although some unique, not replicable answers were given. 
 

5.2. Cross-case analysis 
The cross-case analysis, see Appendix XIV, is conducted on a case-ordered matrix base. A 
case-ordered matrix displays data case by case, ordering the data according to variables of 
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interest (Miles and Huberman, 1994). The method is able to understand differences between 
cases and therefore suitable to make a comparison. In this project a comparison is made 
between incremental- and radical innovative projects and successful and failed projects. 
Furthermore, a comparison is made between general experiences concerning innovation; for 
example if the current PTD process can manage both incremental- and radical innovation or 
the whereabouts of innovation in the PTD process.  
 

5.2.1. Causes for failure 
Based on the table presented in Appendix XIV, in combination with the individual cause-and-
effect diagrams presented in the previous section, a general pattern of causal relations is 
established (refer to Appendix XV). Additionally, the same appendix provides an explanation 
of each relationship that eventually leads to delays and missing the PL date7. Important to 
note is that the diagram is based on the delays, success factors, failure factors and the areas of 
redesign determined by the interviewees. These variables are considered equal because they 
all relate to delivering the technology in-time for PL. The variables that were predominantly 
identified are represented in table 5.2. 
 
Table 5.2: Most mentioned variables 

Variables Total presence8 Across cases 

1. Lack of resources (119) 8 4 
2. Lack of funding (10) 7 3 
3. Time constraints (9) 6 4 
4. Lack of technology capability (48) 5 3 
5. Technical problems (20) 4 2 
6. Lack of corporate strategy (1) & commodity strategy 

to enable future technology development (23) 
4 3 

7. Lack of senior support (3) 3 3 
8. Lack of cooperation with other departments (4) 3 3 
9. FD funds short-term projects (7) 3 3 
10. Priority setting (towards production) (12) 3 3 
11. Commitment to project (14) 3 2 
12. Supplier problems (17) 3 1 
13. No Go/Kill decisions (8) 2 2 
14. Lack of cooperation  PTD and FD (5) 2 2 
15. Unable to select opportunities in a project (6) 2 2 

 
The cause-and-effect diagrams portray that the main causes of delays, and eventually missing 
out the PL date, are located in front and early stages of the PTD process. The problems 
determined were mainly centralised around the recurring problem of a lack of funding (10)10 
and resources (11). Both problems appeared to affect the executed work in the pre/early stage 
of the PTD process negatively. Having little or no funding and no human capital to work on 
the new manufacturing technology makes project progression difficult. This phenomenon is 
reinforced by time constraints (9) and priority setting within the projects (10). Time 
constraints make it impossible to work in an early stage (13) to develop the technology. 
Furthermore, priority is set on contributing to production. Development work directly 
competes with production capacity and is therefore seen as less important. As a result no 
                                                 
7 Not every relationship is elaborately discussed in this section. Refer to Appendix XVI for detailed information 
8 The total presence is calculated by adding delays, success- and failure factors together 
9 The numbers between brackets represent the numbering in the cause-and-effect diagrams 
10 The numbers in the chapter refer to the numbers in the cause-and-effect diagrams 



Managing the Development of Radical Innovations in an Aerospace Component Manufacturing Organisation 

profound technology foundation (50) is set and the project starts (too) quickly (49). Due to 
rushing into the project, based on a premature technology foundation, it is likely that technical 
problems (20) surface in later phases of the project. There is no ability to acquire knowledge 
about the technology, so it is difficult to predict potential problems in the future. Another 
effect of rushing into a project is settlement of quality (46). Corners are skipped to achieve the 
strict time schedule, which lead to failing to meet technology requirements. As a result both 
problems are likely to face delays, and if significant, fail to meet the PL date. 
 
As portrayed in the diagram the delay originates from the absence of a clear technology 
strategy on company level (1). This strategy should be communicated to the departments to 
form the foundation of the departmental technology (51), departmental commodity strategy 
(23) and FD technology strategy (52). These strategic issues are strengthened by difficulties in 
cooperating with other departments. Functional departments (and thus PTD) and FD operate 
independently (5) without sharing a common goal/strategy. This influences the way projects 
are funded by FD (7) because this department is financially oriented and therefore prefer 
short-term, incremental projects that are predictable in terms of performance. FD doesn’t 
understand the difficult technologies where PTD is working on. Engineers like to talk about 
technological challenges, and not about what the technology delivers to the company. As a 
result radical projects struggle to get funding (10), resources (11) and time (9), and therefore 
facing difficulties to achieve PL. 
 
Referring back to the case studies selected, stemming from different backgrounds, this 
analysis revealed that there are no substantial differences in causes for success or failure 
between incremental- and radical innovations were observed. However, the impact of the 
causes is, as described in the first analysis, higher for radical innovations.  

5.2.2. General findings 
Furthermore, the cross-case analysis provided general results regarding the functioning of the 
PTD process. Table 5.3 presents the most supported findings across the case studies ranked by 
the magnitude of the variables and their presence across cases.  
Table 5.3: Ranking of general findings 

General findings Total presence (across cases) 
Innovation is located at the front-end of the PTD 
process 

9 (4) 

Radical innovations are more sensitive for delays 8 (4) 
More novel designs have more risks 8 (4) 
The PTD process can manage both incremental- and 
radical projects 

7 (4) 

PTD does not enhances the development of radical 
innovations 

6 (3) 

Projects can carry-on while having no benefits 
(difficult to abandon projects) 

5 (4) 

 
 

5.3. Conclusions 
The cross-case analysis highlighted specific aspects regarding variables failing to meet PL. 
This section discusses the cross-case occurrence of these variables. Furthermore, conclusions 
are drawn concerning the current functioning of the PTD process. These conclusions are 
based on the following criteria:  
 

Master Thesis  34 
 



Managing the Development of Radical Innovations in an Aerospace Component Manufacturing Organisation 

1. The conclusions are based on the presence of the variables within cases. The most 
recognised variables will form the foundation of the conclusions. The ranking of the 
variables is represented in table 5.2 (for the causes of delay) and in table 5.3 (for the 
general findings). 

2. The presence of the variables across cases, i.e. generalisability between cases.   

5.3.1. Causes for failure 
The analysis showed that the problems regarding delivering manufacturing technologies in-
time can be traced back to the way technology development/innovation is managed. The 
analysis revealed that:  
 

1. Preliminary work is constrained by a lack of resources, funding and constraints 
2. No substantial differences in causes for success or failure between incremental- and 

radical innovations were observed. 
3. There is no consistent, aligned and communicated technology strategy on 

organisational, departmental and FD level 
4. PTD process projects are difficult to abandon and therefore funding and resources are 

“wasted” by continuing these projects too long. 
 
Table 5.2 portrays that a lack of resources, funding and time constraints are the most 
mentioned causes/effect to ultimately fail to meet PL. This lack of support implies that pre-
PTD development work is constrained for radical innovations and no sound technology 
foundation can be established.  Therefore, project teams are rushed into the project which can 
cause settlement of quality to “save” time and/or technical problems. Both are the foundation 
for facing delays and finally failing to meet initial PTD. 
 
The analysis indicated that there are no substantial differences in causes for success or failure 
between incremental- and radical innovations. However, the impact of the causes are, as 
described in the first analysis, are higher for radical innovations.  
 
The analysis also indicated that the setting of technology strategies at company, PTD and FD 
level is insufficient or at least not well communicated further down the organisation. As a 
result there is no clear technology and commodity strategy on departmental level and not a 
well communicated FD technology strategy. This means that there is no clear vision where 
the organisation is going in the future which makes it difficult to plan/develop manufacturing 
technologies for the future. Current technology development it too fragmented. 
 
Finally, in the PTD process projects are difficult to abandon and therefore funding and 
resources are “wasted” by continuing these projects too long. The PTD process, and in 
particularly the TRL process is designed and executed to take a technology towards 
production. This implies that projects are revived every time when major problems surface, 
even if there is no clear company benefit. Although this cause is not as widely supported it 
directly contributes to a lack of resources, funding and time constraints. 

5.3.2. General findings 
Next to the conclusions concerning the variables that cause project failure, the following 
relevant general findings are identified: 
  

5. The current PTD process is capable of managing incremental- and radical innovation 
within the current PTD process. However, no distinction is made between 
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incremental- and radical manufacturing technologies and the potential implications 
this difference could make on the progression of the development project. 

6. The whereabouts of (radical) innovation is predominantly the pre-PTD stage.   
 
The cross-case analysis confirmed support for the notion that both incremental- and radical 
innovations can be managed with the current PTD process. However, the current PTD process 
revealed that innovations are managed in the same way. The PTD process makes no 
distinction between incremental and radical innovation and the potential implications this 
difference could make on the project. 
 
The cross-case analysis also suggested that innovation is predominantly located in the pre-
PTD stage. Additionally, some innovation is possible in the early stages of the TRL process. 
However, this innovation is already focused at the PL date, so therefore more constrained. 
 
The analysis of the PTD process has highlighted several areas of improvement that are 
considered for redesign of the current process. These will be discussed in the next chapter.  
 

6. Redesign 
This chapter presents a redesign based upon the main conclusions from the analysis. The 
structure of the chapter will follow the design process discussed in the Methodology chapter. 
The chapter starts with the scope of the redesign (section 6.1), followed by the design 
specifications in section 6.2. Then, directions for redesign are indentified based on the results 
of the analysis and the specifications (section 6.3). In section 6.4, the redesign is discussed. 
Finally, in section 6.5, the implementation plan is described. 
 

6.1. Scope of the redesign 
This section describes the scope of the redesign based on the conclusions drawn in the chapter 
5. It explicates the direction, boundaries and environment of the redesign. 
One of the main findings is that all projects are managed in the same way, irrespective of their 
degree of innovativeness. No distinction is made between incremental- and radical 
innovations, although they have different implications for the development of manufacturing 
technologies and especially delivering technologies in-time. This is no problem for the TRL 
process, as it possesses enough flexibility to manage both incremental and radical 
manufacturing technology development projects. However, the current PTD process doesn’t 
enhance the creation of radical innovations. The process is purely focused at developing 
manufacturing technologies towards production. Therefore, the redesign is targeted to “bring” 
radical innovation into the current PTD process. 

6.1.1. The PTD process 
The scope of the redesign will be limited to the (pre-)PTD process which includes the TRL 
process. 

6.1.2. Strategy 
Although the analysis clearly identified that the setting of company level strategy setting, 
departmental strategy and commodity setting and its alignment with FD was not optimal, the 
decision was made not to investigate the exact status of these in-depth, i.e. not formulating 
new strategies. However, the redesign does emphasise the importance of proper strategy 
setting and alignment with the PTD process. 
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6.1.3. Team composition 
Another issue that is not investigated in-depth in this project is team composition and the 
intra-departmental cooperation. Although the analysis identified some barriers and 
possibilities for improving the underlying aspects of communication, team composition and 
behaviour these are considered to be outside the scope of this project and are therefore not 
discussed in detail. 
 

6.2. Developing specifications 
In this section the design specifications are discussed. The most important element of these 
design specifications is to enable the management of both incremental- and radical 
innovations within the PTD process without constraining the ability to feed radical 
innovations in into the PTD process. 
The redesign has the following design objective: 
 
Redesign the PTD process to increase the likelihood of timely delivery of both incremental- 
and radical innovations to PD programmes. 
 
As discussed earlier in this thesis the “solution” is especially focused at redesigning the pre-
PTD phase in order to select, start, fund, and utilise time effectively. Starting and plan 
projects convincingly lead to fewer problems, i.e. delays, or at least a better awareness of 
problems in later phases of the project so that the planning can be executed more realistically. 
 
The actual redesign starts from the functional specification of the redesign. There are several 
categories of such specifications defined by Van Aken et al. (2007). These are listed below: 
 

• Functional requirements: The core of the specification in the form of performance 
demands on the object to be designed 

• User requirements: Requirements from the viewpoint of the user 
• Boundary conditions: Conditions to be met unconditionally 
• Design restrictions: Preferred solution space 

 
Table 6.1 below provides an overview of the specifications categorised in the four 
specifications. 
 
Table 6.1: Specification categories 

Specification type Specification 
Functional 
requirements 

1. The design should manage and develop both incremental- and radical 
process innovations in-time. 

2. The design should enable the identification, selection, support and 
assessment of radical manufacturing technology development ideas to 
eventually feed into the PTD process. 

User requirements 3. The design should not require extensive training. 
4. The design should take should take all the interacting stakeholders (FD, PTD 

and functional departments) in the PTD process under consideration.   
5. The design should be user-friendly. 

Boundary conditions 6. The redesign should fit with the current elements of the PTD process and 
should not “overdesign” the current TRL process. 

7. The redesign should comply with the current organisational culture 
8. The redesign should apply are more proactive outlook towards the 

development of manufacturing technology 
Design restrictions 9. The redesign should fit with the facilitative role of the PTD department 
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6.3. Sketching and outline design 
The definition of the design specifications imposes a significant restriction on the potential 
redesign. However, there is still much freedom to select areas of redesign. In this section, 
design directions are proposed and evaluated on their alignment with the design specifications 
and the conclusions drawn in chapter 5. This evaluation is presented in Appendix XVII. The 
selection of directions of redesign are then included in the final redesign. The proposed 
directions of redesign result from brainstorm sessions with company supervisors and 
discussions with other employees.    
 
Based upon the evaluation two areas for redesign are proposed. Firstly, introducing a Front 
End of Innovation (FEI), that provides an additional phase for (radical) innovation in front of 
the current PTD process and identifies the type of innovation from the start. The FEI is 
expected to enable preliminary work by offering the possibility to secure early resources, 
funding and time (providing a solution to conclusion 1, chapter 5). Furthermore, 
implementing the FEI implies the introduction of radical innovation in the pre-PTD stage (in 
agreement with conclusion 6). Finally, during the TRL process it remains difficult to abandon 
projects. Rigorous criteria are introduced to the TRL gates to abandon projects that continued 
too long while the business benefits already evaporated. As concluded in chapter 5, the 
prevention of wasting funding, resources and time enables full dedication to beneficial 
projects (providing a solution to conclusion 4).  
The current structure11 of the PTD process, and the location of the areas of redesign, is 
depicted in figure 6.1. The lower side of the figure portrays the differentiation between the 
pre-PTD stage, TRL process and the complete PTD process. 
 

 
Figure 6.1: The current structure of the PTD process 

6.3.1. Front End of Innovation 
Incremental- and radical innovations should be managed differently based on their different 
implications for the development of technology. Several important differences between 
incremental- and radical innovations are identified.  Radical innovations involve an extremely 
high degree of technological uncertainty and long development times. As a result, radical 
innovations do not proceed as prescribed by stage-gate development processes (like the 
current PTD process). There seems to be a certain degree of informality with respect to 
managing radical innovations (Veryzer, 1998).  Incremental innovations work best with 
standardised approaches to manage technology development (Khurana and Rosenthal, 1998). 
In contrast, standardised approaches to manage manufacturing technology innovation may be 
inappropriate or even detrimental for radical innovations (Veryzer, 1998). 

                                                 
11 The original model has been replaced with a generic model from Cooper (2009) 
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This difference suggests that in front of the current PTD process a Front End of Innovation 
(also recognised in literature as the “Fuzzy Font End” or the “Discovery phase”) should be 
added, which enables the generation of (radical) ideas, opportunity identification and 
technology analysis (Khurana and Rosenthal, 1998). After progressing through the FEI, ideas 
are launched in the standard PTD process.  
 
Introducing a FEI is expected to work well within the organisation. Currently there are some 
processes in use that can be used to manage radical innovations in the FEI before they enter 
the formal PTD process.  
 
The inclusion of FEI activities helps to anticipate problems and to bring conflicts to the 
surface earlier in order to speed up the innovation process (Brown and Eisenhardt, 1995; 
Cormican and O’Sullivan, 2004). 

6.3.2. Go/Kill decision making 
The final area of redesign is the setting of Go/Kill criteria applicable to each gate of the PTD 
process. Most companies undertake too many projects with too little funding and resources to 
do them well (Cooper et al., 2002b). As a result, funding and resources are spread too thin 
over too many projects, while there is no time or ability to execute all project activities 
proficiently. Cooper et al. (2004) identify that many organisations claim to have gates in the 
development processes. However, closer inspection reveals that these gates are largely 
“project review points” with no tough decisions, resulting in scarce closure of projects. This 
finding is relevant because the same authors found that 51.7 % of the best performing 
companies have tough Go/Kill gates. Many companies rely on extremely poor decision 
criteria in their stage-gate processes, which are more deliverable checks than Go/Kill and 
prioritisation criteria (Cooper et al., 2002b). As a result certain projects are continued too 
long, have no clear benefits, and therefore waste scarce funding, resources and time. Cooper 
et al., (2002b) recognizes this practice and observed 5 reasons:   
 

1. There are too many must do projects (prioritirisation)  
2. There is no mechanism to abandon projects, after projects enter a formal stage-gate 

process, they are highly likely to continue 
3. No criteria have been established for making go/kill and prioritirisation decisions 
4. Senior people are not engaged in the decision process properly 
5. It is difficult to “drown puppies” 

Within the organisation the same problem is recognised. The TRL process is regarded as a 
tunnel instead of a funnel. This problem justifies the need to create sound criteria that assess 
technologies at each TRL gate review objectively. In light of this project, were PL/time is 
essential, the need for these criteria is evident. Reducing the amount of “wrong” projects frees 
funding, resources and time for other projects meaning that there is a better focus on meeting 
the requirements of selected projects.    
  

6.4. Redesign of the Process Technology Development process 
This section presents the actual redesign, formalising the design into texts and drawings.  
 

6.4.1. The Front End of Innovation 
Organising and managing the FEI faces are real dilemma (Van Aken, 2004). The FEI is 
characterised by much risk and uncertainty, the desired results are ill defined and the road to 
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those results even more. Therefore, the FEI has to strike the right balance between free 
exploration and business-direction. Too much direction hurts exploration, creativity and 
serendipity, while too little direction negatively affects FEI-performance.  
Figure 6.2 presents the structure of the pre-PTD design in which this balance is established. 
Less explicitly, more radical innovation in the pre-PTD stage, standardized and formal 
approaches in the TRL process (Khurana and Rosenthal, 1998). The FEI is based on the 
individual models developed by Cooper (1988), Khurana and Rosenthal (1998), Koen et al. 
(2001) and Cooper et al. (2002).  
The implementation of a FEI implies that a clear distinction is made in organisation and 
management between (Van Aken, 2004): 
 

• The main stream PTD process, with relatively low risk, resource-intensive projects 
(incrementally oriented) 

• The high risk, ‘light’ option-development projects during the FEI (radical oriented) 
 
The output of the FEI is to provide FD with a satisfactory number of promising process 
options at an acceptable price and a competitive time span (Van Aken, 2004). This implies 
that the FEI is not to develop complete process specifications and prototypes, but to provide 
the FD with a number of promising and well-developed technology options ready for 
objective assessment (i.e. the funding decision). The final deliverable of the FEI is therefore a 
business case of a new technology concept submitted for funding evaluation (Koen et al., 
2001). The business case is based on the impact of the process technology on product 
performance and/or product cost. The FEI is “complete” when funding is allocated and the 
project is launched, and enters the formal TRL process (Khurana and Rosenthal, 1998).  
 

Assigning 
focal 

person

Initial idea screening/ 
opportunity 
assessment

Feedback to submitter

Others in 
the 

company

Periodic 
review & 
update

Ongoing product, process and portfolio strategy formulation and feedback

Idea generation Preliminary
evaluation

Opportunity 
identification

To TRL 
process

Continue/No Go 
decision

Ideas vault 
(ideas on hold/
”dead” ideas)

 
Figure 6.2: The FEI 

Idea generation 
During the “idea generation”, the birth, development and maturation of the opportunity 
transfers into a concrete idea (Koen et al., 2001). The idea generation is an evolutionary 
process in which ideas are built upon, torn down, combined, reshaped, modified, and 
upgraded. Idea generation can be enhanced by direct contact with the outside world like users, 
linkages with cross-functional teams, companies and research institutions (Koen et al., 2001). 
The generation of ideas may be a formal process including brainstorm sessions and idea banks 
so as to provoke the organisation into generating new or modified ideas. 

Master Thesis  40 
 



Managing the Development of Radical Innovations in an Aerospace Component Manufacturing Organisation 

An idea can also emerge outside any formal process, via experimentation, experience and 
day-to-day activities. These ideas should be managed in the way portrayed in figure 6.2.  
 
Idea assignment 
After idea generation, ideas are fed to a focal person who then carries the ideas to the “idea 
screening” for initial selection (Cooper et al., 2002). The focal person, also denominated as 
process champion, is an individual who is intensely involved with the overall objectives and 
goals of the project and who plays a dominant role in the research-engineering interaction 
through some of the stages, overcoming technical and organisational obstacles (Chakrabarti, 
1979). This role is often different than that of the person who invented the technology. 
Innovators have a more entrepreneurial personality that is characterised by an unwillingness 
to submit to authority, an inability to work with it, and a need to escape from it (Maidique, 
1984). The competencies of a champion are more diversified and exist of technical 
competence, knowledge about the company, knowledge of the market, drive and 
aggressiveness, and political astuteness (Chakrabarti, 1979). The only exception is when 
employees progress ideas in their “free time”, and have the complete competency set to take 
the idea independently towards the idea screening (Cooper et al., 2002). Chakrabarti (1979) 
suggest that champions are very important in the success of innovation in large corporate 
organisations. Systems and procedures developed are designed to avoid risks. The regular 
screening mechanisms require a management hierarchy and a chain of commands. The 
champion goes beyond this formal organisational role, over the hierarchical chain, to where 
positive decision making is possible.     
 
Opportunity identification 
As depicted in figure 6.2, opportunity identification may precede idea generation, but may 
also be the enabling step to link an unanticipated notion to a manufacturing technology not 
identified before (Koen et al., 2001). This structure demonstrates the non-linear fashion of 
idea generation and opportunity identification, advancing and nurturing ideas and 
opportunities wherever they occur.  In “opportunity identification” the organisation 
identifies the opportunities they may want to pursue (Koen et al., 2001). The identification of 
opportunities is driven by strategic considerations and overall goals of the company. 
Opportunities are identified by informal activities like ad-hoc sessions, informal discussions, 
insights from individuals and by instigation from first-line management. 
 
Initial idea screening 
“Initial idea screening” is a tentative decision making step to commit early and limited 
funding to embryonic projects in order to display the project’s viability and potential (Cooper, 
1988). It is a decision to undertake preliminary work, after which the project will be re-
evaluated based on new and more complete information. Essential in the idea screen is the 
allocation of initial funding and resources to develop the technology further (Cooper, 2009). 
Approved projects that are not funded cannot progress the technology development. 
Furthermore, not allocating funding and resources leads to too many projects in the pipeline 
and projects taking forever to achieve PL.  Due to the reticence of FD to fund preliminary 
work it is important to recognise that not everybody in the organisation is experimenting with 
technology, and that it only consumes a limited percentage of the funding and resources 
(Buckler, 1997). 
Idea screening is done by a small cross-functional group that monthly reviews new ideas 
(Cooper et al., 2002). Ideally this group consists of people from FD (expertise about funding 
and resources), multiple functional departments (technical expertise) and a senior/first-line 
PTD manager. The best method to screen the ideas in terms of realism and ease-of-use are 
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scorecards (Cooper, 1988).The ideas can be evaluated on a scorecard with questions rated on 
a Low/Moderate/High scale. The scorecard should contain the identification of innovation 
(incremental and radical), opportunities, benefits and alignment with organisations’product 
strategy. Appendix XXI depicts an example of the scorecard that can be used. First, a measure 
of radical innovativeness is added based on the reliable measure developed by Green et al. 
(1995) which incorporates four dimensions of innovation: a) technological uncertainty, b) 
technical inexperience, c) business inexperience, and d) technology cost.  
Second, the extent to which the project is aligned to the organisational, departmental and FD 
strategies are measured. The measures entails the projects’ alignment with the strategies, 
project importance and impact (refer to Appendix XXIII for further details).  
Funding and resources are allocated from a so called “war kitty”. A war kitty is a bucket of 
unallocated resources that is reserved to support non-programmed ideas (Augsdorfer, 2008). 
When a “Go” decision is made, a small cross-functional team is assembled to move the idea 
into the preliminary evaluation. If the idea is rejected, as most are, the idea submitter receives 
written feedback explaining why the idea has been rejected (Cooper et al., 2002). Feedback is 
considered to be important to ensure a steady stream of ideas from would-be idea generators.  
Ideas that are rejected of put “on-hold” are stored in and idea vault. The idea vault precludes 
losing ideas whose time has not yet arrived, or might need some more preliminary work 
(Cooper et al., 2002). The idea vault is made accessible to employees and is updated after 
every review. In this way, employees have the ability to see the ideas, their owners and 
current applicability, enabling them to make suggestions for improvement. The idea vault is 
periodically scanned by the process owner (Senior PTD manager). Ideas that are 
improved/matured are then brought into the idea screening once again for a second hearing.  
 
Preliminary evaluation 
The final element of the model is the “preliminary evaluation” that involves the development 
of a business case based on estimates of market potential, customer needs, investment 
requirements, competitor assessments, technology unknowns, and overall project risks 
(Khurana and Rosenthal, 1998). The preliminary work conducted after the initial idea 
screening has provided more insight into the technical ability, feasibility, benefits and 
opportunity of the technology. Work that has been undertaken including conceptual and 
preparation work, the planning and execution of feasibility experiments and the development 
of an action plan (Cooper et al., 2002). This preliminary work forms the foundation for the 
compilation of a business case. The business case is put together by the project team that was 
established in the idea screening and is reviewed by a cross-functional team of financial and 
technical specialists  
At the end of this stage, the Intellectual Property (IP) situation should be understood, 
technical feasibility should be reasonably demonstrated, results of experiments should be 
documented and a plan of action should be ready (Cooper et al., 2002). 
 
In order to manage the allocation of funding and resources to technology development 
projects evenly across incremental- and radical ideas, Cooper et al. (2002) proposes the 
strategic bucket approach. The strategic bucket approach makes a conscious decision on what 
proportion of the funding will be devoted to different projects; incremental- or radical ideas 
and the “war kitty”. For the organisation this means that the FD budget is divided in three 
portions. The magnitude of funding will be divided in the following order: Incremental-, 
radical and finally the “war kitty”.      
 
Finally, it must be said that the selection of ideas in the FEI should be less rigorous than in the 
remainder of the PTD process. More radical ideas must be allowed to grow and advance with 
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less certainty because the definition of the financial statements is often based on a “wild” 
guess (Khurana and Rosenthal, 1998). 
 

6.4.2. Go/kill criteria 
The final area of redesign is identified during the PTD process. The structure of the TRL 
process is designed towards developing the manufacturing technology into production. This 
implicate that the TRL process is targeted towards keeping a project alive and to mitigate 
occurring problems.  
To create more clear and visible criteria, so that senior managers can make a Go/Kill decision, 
Cooper et al. (2002) suggests introducing gate criteria that include “Must meet” (scored 
Yes/No) and “Should meet” (scored on 0-10 scales) items. The “Must meet”, knock out 
questions are designed to kill the misfit or poor projects outright, the “Should meet” items 
contains a scale of highly desirable characteristics that are rated and added in a point-count 
scheme (see table 6.3). 
 
Table 6.3: List of Go/Kill criteria (excerpted from Cooper et al., 2002) 

“Must meet criteria” Checklist – Yes/No 
Strategic alignment (fits organisational/departmental 
strategy) 

 

Reasonable likelihood of technical feasibility  
No show stoppers (Killer variables)  
“Should Meet” Criteria Score (on 0-10 scales) 

1. Strategic  
Degree to which the project aligns with the 
organisational/ departmental strategy 

 

Strategic importance  
2. Unique benefits  

Meets customer needs better  
Value of money  

3. Market attractiveness  
Market size  
Competitive situation  

4. Synergies (Leverages core competencies)  
Technological synergies  

5. Technical gap  
Complexity  
Technical uncertainty  

6. Risk vs. return  
Expected profitability  
Return  
Payback period  
Certainty of return/profit estimates  
Low cost and fast to do  
 
If the answers are “No” or “Low” to any of these questions it should be considered to “kill” 
the project. However, one should be attentive with killing projects. There should be a 
replacing technology under development before terminating a project, otherwise delays can be 
expected. Also, attention should be given to the project team. If the decision is not 
communicated accordingly, motivation will be collapse and frustrations flourish. 
The gate criteria should be introduced at every gate review in the TRL process. The cross-
functional team, ranging from several technical backgrounds can quickly answer the questions 
from the list. However, it would also be advisable to invite employees with a more financial 

Master Thesis  43 
 



Managing the Development of Radical Innovations in an Aerospace Component Manufacturing Organisation 

background (for example FD) to the reviews. These employees have special knowledge to 
answer questions about profitability, returns, costs etc. and can therefore assist in answering 
questions regarding heading 6 in the list. 
 

6.5. Implementation plan 
The implementation plan is the realisation design which discusses how the solution can be 
realised in reality (Van Aken et al., 2007). It defines how the changes, proposed in the 
previous sections, can be realised. The section starts with a “delta analysis” to identify the 
objectives of the redesign. Then, the action plan is discussed, followed by a cost-benefit 
analysis. The section ends with a discussion about the environment of the redesign, discussing 
how the process should be managed. 

6.5.1. Delta analysis 
The delta analysis identifies the main objectives of the redesign by comparing the current 
situation with the proposed redesign. These objectives are partly based on table 6.4. 
 
Table 6.4: Delta analysis 

Current situation Proposed redesign 
FEI:  
Idea generation (informal and formal processes). Idea generation (informal and formal processes). 
Ideas don’t follow a particular path. Assign ideas to a focal person (i.e. process champion). 
Screening dominated by financial figures and risks. 
Opportunities, benefits, and alignment with strategy 
are assessed in a lesser extent. 

Initial screening (identification of incremental/radical, 
initial funding/resource allocation decision due to 
“war kitty”, opportunities, benefits, alignment with 
strategy). 

Removed Rejected/”on-hold” projects are parked in the idea 
vault. The idea vault is accessible for employees and 
is reviewed monthly and kept up-to-date. Re-
evaluated ideas can flow back into the system.  

Preliminary evaluation based on business case. Preliminary evaluation (final Go/No Go decision) 
based on a business case supported by the information 
obtained during early work.  

Type of innovation not assessed Measuring innovation 
Go/Kill evaluation:  
Normal TRL gate reviews are conducted without 
explicitly evaluating project continuation. 

Go/Kill decisions to evaluate continuation of 
individual projects (at each TRL gate review). 

 
The objectives are the following: 

1. Appoint a pool of “process champions” 
2. Implement format to measure innovation type (incremental/radical)  
3. Implement framework to enable early funding and resources based on opportunities 

(to enable preliminary work) 
4. Implement an incremental/radical time ratio to plan TRL gates 
5. Implement the Go/Kill decision list 

 
Five sources of resistance 
Table 6.5 presents the objectives rated against the five sources of resistance defined by Van 
Aken et al., (2007). If resistance is expected for one of the objectives these are marked with a 
++ or + (refer to the key below the table). Little resistance is expected because the design 
directions are supported by PTD (amongst others: company participants).  
Table 6.5: Sources of resistance  

Objective 1 2 3 4 5 
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Lack of 
understanding 

  + +  

Differences in 
opinion 

++  +   

Lack of trust      
Low willingness 
to change 

  + +  

Conflicts of 
interest 

     

Key: ++= resistance expected, += some resistance expected, “empty” = no resistance expected 
 
 
Three types of intervention 
Van Aken et al. (2007) recognises three types of intervention types, technical, political and 
cultural, to counteract resistance. Interventions may fall in one of those categories (see table 
6.6), but in practice the intervention is often hybrid, falling in two or all categories. In this 
study the category of technical intervention is considered to be main type. Employees 
working with the process require information to understand the problem and why the solution 
will solve the problem. Understanding the rationale behind the redesign will decrease the 
level of resistance. Furthermore, one should consider participation when implementing the 
redesign (cultural intervention). Participation can contribute to the quality of the redesign, can 
foster the understanding of it, and creates a sense of ownership (Van Aken et al. (2007).   
 
Table 6.6: Intervention definitions (Van Aken et al., 2007) 

Intervention type Definition 
Technical The domain of technical and economic issues, like the 

business problem itself and its strategic context, and 
the new business system that should solve the 
problem. 

Political The domain of material and immaterial interests and 
of the formal and informal power individual and 
groups may use to protect these interests. 

Cultural The domain of corporate and departmental culture, of 
corporate, group and individual identity, and of the 
emotions connected with the close and repetitive 
interactions with other people within the organisation. 

 

6.5.2 Action plan 
For the implementation of the redesign several activities are identified that have to be 
executed before the redesign can be implemented into the PTD process. Appendix XXIV 
provides an action plan, a concise overview of actions to be taken. 

6.5.3. Costs 
Following the determination of activities a cost-benefit analysis is conducted. Performing a 
cost-benefit analysis is important because even if the solution solves the problem, it may be 
too costly, and not justifiable by the benefits to solve the problem (Van Aken et al., 2007). 
The cost-benefit analysis refers to the costs of realisation and subsequent operation of the new 
systems, and the benefits of the improved performance.  
In this study it is difficult to project costs for the implementation, infrastructure and time 
consumed. Moreover, it is even more cumbersome to estimate the monetary value of benefits 
(Van Aken et al., 2007). Therefore, no monetary value is attached to the costs and benefits. 
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The analysis is presented in table 6.7. Additionally, the table also shows the relation to the 
conclusions from chapter 5. 
 
Table 6.7: Cost-benefit analysis 

 
 
The cost-benefit analysis suggests that the implementation of the redesign is feasible. The FEI 
delivers the ability to deliver radical technologies in time (by conducting preliminary work). 
Delivering technologies in time for a PD programmes implies better product performance and 
therefore a better competitive position.  
The implementation of Go/Kill criteria identifies “unbeneficial” projects and thus prevents 
wasting funding, resources and time. The introduction of the Go/Kill criteria can be done at 
minimal costs. The PTD gate reviews are already planned and the right people are present.      
 
In summary, the organisations’ requirement is to focus on quality, cost and in time delivery.  
The identification and segregation of innovations allows them to ensure that technology is 
delivered at the right cost, the right time and of the appropriate quality for new products.  The 
focus of PTD is to develop solutions and this redesign will compliment the current process 
that is already working. 
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7. Scientific implications 
The study of radical innovations in large organisations is rather early in its 
development, and as such there exists little background upon which to draw 
(McDermott and O’Connor, 2002). This project contributes to academic literature via 
the generation of knowledge about the management of radical innovations in a large 
aerospace component manufacturing organisation. 
 
First, the study proposes the introduction of a more pro-active process for the 
development of manufacturing technologies. This process is supported via 
environmental factors like management involvement and the formulation and 
communication of organisational.  
The main contribution is the introduction of a Front End of Innovation (FEI) at the 
front end of the current PTD process. The FEI is designed to strike a balance between 
free-exploration and business direction via the free generation of ideas, funding of 
preliminary work and the implementation of existing business processes. Too much 
direction kills exploration, creativity and serendipity, while too little guidance 
suppresses performance (Khurana and Rosenthal, 1998; Van Aken, 2004). The 
introduction of the FEI to manage radical innovation is considered to be both 
scientific and practically relevant. Scientifically because the FEI, especially in context 
of the overall PTD process, still can be regarded as an area that is little understood and 
little researched (Van Aken, 2004; Verworn et al., 2006). Furthermore, most of few 
publications are theoretical approaches or explorative studies (Verworn et al., 2006). 
Practically, because quality, costs and timings are predominantly defined during the 
FEI (Verworn et al., 2006). The inclusion of FEI activities helps to anticipate 
problems and to bring conflicts to the surface earlier in order to speed up the 
innovation process (Brown and Eisenhardt, 1995; Cormican and O’Sullivan, 2004). 
 
Second, this study acknowledges earlier academic findings. Literature suggests that 
the PTD process should be divided into a FEI, in which experiments, uncertainty and 
chaos are accepted (radical), and a well structured stage-gate process that develops the 
technology towards production (incremental) (e.g. Koen et al., 2001; Van Aken, 
2004). This study has found evidence for structuring the FEI in accordance with the 
proposition of Khurana and Rosenthal (1998). These authors suggest that a successful 
FEI requires a culturally acceptably degree of formality characterised by process 
orientation, explicitness of the technology definition and a broad business perspective. 
This culturally acceptable degree of formality is achieved by adding existing business 
processes into the FEI to support “radical” behaviour while maintaining the business-
direction. Furthermore, this study supports the notion of Cooper et al. (2004) that 
formal stage-gate processes are common practice among better performing 
organisations. Participants responded that the PTD process enables efficient and 
effective technology development towards production.      
 
Third, this study confirmed that radical process innovations are often driven by radical 
product innovation. The study revealed that the design of Product X was considered to 
be less innovative than Product Y. Apparently, the innovativeness of the product had 
influence on the development of the manufacturing technologies. Only 14% of the 
technologies developed for the Product X, and 44% of the technologies of Product Y 
proved to be radical. This finding is in agreement with the notion of Reichstein and 
Salter (2006) which identify, based on empirical evidence, that product and process 
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innovations are interdependent. More specifically, radical new product development 
may beget radical new process innovation and vice versa. 
    
Fourth, the project has underlined the importance of redefining key definitions. In this 
project the definitions of incremental- and radical innovations play a significant role. 
However, the definitions provided in literature did not fit the local context of ED, they 
are defined at a higher level. The definitions are (1) related to customers in the outside 
world. In contrast, PTD is developing technologies for implementation within the 
company. Furthermore (2), the technology progress that can be made via innovation is 
of another scale than literature. ED is developing manufacturing technologies for the 
production of the products, that didn’t saw any disruptive changes in basic design 
since its invention.  
 
Finally, this study confirms that preliminary work is essential and should be executed 
under all circumstances. The FEI has been identified as the greatest area of weakness 
in the innovation process (Koen et al., 2001; Cooper et al., 2004), while it 
predominantly defines quality, costs and timings (Verworn et al., 2006). Solid up-
front “homework” should be conducted in order to deliver the technologies in time 
(Cooper et al., 2004). This is especially important for radical innovations, because 
they often do not meet PL deadline targets (Ettlie and Elsenbach, 2007). This study 
supports this notion, the case studies generated evidence that preliminary work is 
essential for delivering technologies in time. Inhibiting preliminary work leads to 
quality settlement (leading to more time-consuming rework) and the unexpected 
surfacing of technical problems in later stages of the project.  
 

8. Conclusions and limitations 
This project consisted of theoretical and empirical analyses, which results are 
discussed in this chapter. First, the conclusions of the study are discussed. Finally, the 
limitations of the project are discussed, complemented by the areas of further 
research. 
 

8.1. Conclusions 
In this project, the phenomena of failing to deliver radical manufacturing technologies 
to a product on time have been investigated. First, the problem has been indentified 
and validated by assessing the number of radical process innovations in ED, and the 
number of projects that failed to deliver in time. Second, in-depth case studies have 
been conducted to investigate the causes to fail the PL date. The goal of these case 
studies has been to improve the current PTD process in order to deliver radical 
innovations in time. 
 
In the second chapter of this study, the research questions were identified as follows: 
 

1. How innovative is the Engineering Department in the development of process 
technologies? 

2. How often do radical process innovations fail to meet Product Launch? 
3. What are the causes of the failure to deliver radical manufacturing 

technologies in time? 
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a. Which part of the Process Technology Development process can be 
regarded as critical to deliver technologies in time? 

 
Those research questions are discussed below. 
 
Validation of the problem - The innovativeness of ED 
An assessment was performed to review the innovativeness of ED in the development 
of process technologies (answering research question 1). The assessment included the 
Product X and Y. The following results were found: 

• 14% radical innovation and 86% incremental innovation in the Product X 
• 44% radical innovation and 56% incremental innovation in the Product Y 
• An average of 30% radical innovation and 70% incremental innovation over 

both Product X and Y PD programmes. 
From this assessment it can be concluded that there is a sound foundation of radical 
manufacturing technologies in ED. However, it should be noted that there is a 
substantial gap between the Product X and Y. The conclusion is drawn that the 
magnitude of radical innovations is sufficient, no further research is therefore 
performed to improve the magnitude of these innovations. 
 
Validation of the problem – Fail to meet Product Launch  
Part of validating the problem was to investigate the magnitude of the problem. This 
led to the assessment of the magnitude of radical process innovations failing to meet 
PL (answering research question 2). The assessment was performed based on 
component data originating from both product design and PTD from the Product X. A 
comparison was made of components included from inception of the PD programme 
and the components that actually made PL. This data portrayed the planned 
progression of the project (in date per TRL gate) until PL. The data generated the 
following results: 

• 6% of the incremental projects delivered too late 
• 33% of the radical projects delivered too late 

Subsequently, it can be argued that radical process technologies have a higher 
probability to fail (33% of the projects) in contrast to incremental process 
technologies (6% of the projects). Therefore it can be concluded that perceived 
problem exist in the ED department. This phenomenon was therefore investigated in 
the remainder of the project.  
 
Causes to fail PL for radical technologies 
After the validation of the project, four case studies were conducted to study the 
causes of failure (answering research question 3). In each case, 3 interviews were held 
that discussed the causes of failure. The results of these interviews were analysed for 
internal consistency (amongst all interviewees in each case) in a within-case analysis 
and for generalisability (across cases) in the cross-case analysis.  
 
The analysis revealed that the current PTD process: (1) manages innovations without 
making a distinction between incremental- and radical innovations. Thus, the potential 
implications this difference could make on the development of technology is 
neglected. There (2) is no consistent, aligned technology strategy on company, 
departmental and FD level. Moreover, (3) executing early work is hampered by the 
dominant focus on PD programmes. Funding and resources are predominantly 
allocated to incremental projects (short-term, predictable performance, and financially 
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safe). Finally (4), in extension of the previous point; PTD projects are difficult to 
abandon and therefore funding and resources are “wasted” by continuing these 
projects too long. As a result projects, in especially radical innovations, encounter 
difficulties to deliver the manufacturing technologies in time.   
 
Based on the findings in the analysis two areas of redesign were identified. The areas 
of redesign were selected based on the formulated design specifications and the 
deliberation of other potential areas of improvement. Finally, the decision was made 
to (1) introduce a FEI to identify, select and prepare radical projects better. The 
introduction of the FEI is focused at enhancing preliminary work in order to prevent 
time consuming rework later in the PTD process. Secondly, (2) a list of Go/Kill 
criteria is designed that is implemented to critically evaluate the feasibility to continue 
the project. This list of Go/Kill criteria prevents spending time, money and resources 
to “unbeneficial” projects, i.e. a selection tool later in the PTD process. 
 
The areas of redesign were validated by consulting experts. These experts, originating 
from several disciplines and functions within ED, were briefed about the projects, the 
results and the potential areas of redesign and were then asked their opinion. This 
consults shown that the acceptance of the proposed areas were very high. 
Furthermore, it yielded some points of further attention.   
 
In summary, during the study several “deliverables” can be identified: 

- Definitions were generated for incremental- and radical innovations, based on 
a local context 

- Insight has been given into the innovativeness of two PD programmes in terms 
of manufacturing technology development 

- Insight has been given into the magnitude of the problem, i.e. how many 
radical project failed PL? 

- Two areas of improvement are identified and resulted in the redesign 
(consisting of introducing the FEI and introducing Go/Kill criteria for project 
evaluation).  

 
The study has yielded several contributions to academic knowledge. The project 
contributes by introducing a proactive approach to new process development 
extensively embedded in practice. A FEI is introduced that strike a balance between 
free-exploration and business direction via the fee generation of ideas, funding of 
preliminary work connected to already existing business processes. The FEI is 
regarded as an area that is little understood and little researched. 
 
Furthermore, this study supports earlier academic findings. First, this study supports 
the notion that a technology development process should be divided into an 
innovative part (FEI), and a well structured stage-gate process focused at bringing the 
technology towards production. Secondly, the study has found evidence for 
structuring the FEI following a culturally acceptably degree of formality. This degree 
of formality was achieved by adding existing business processes in the FEI. Finally, 
this study supports literature by confirming that stage-gate processes enables efficient 
and effective technology development. 
 
This project also confirmed that radical process innovations are often driven by 
radical product innovation. The study revealed that the design of Product X was 
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considered to be less innovative than Product Y. Accordingly, more radical innovative 
process development projects were identified for Product Y.  
 
The study also underlines the importance of redefining key definitions to a local 
context. In this project the definitions of incremental- and radical innovations were 
redefined to a local context. The definitions provided in academic literature were 
believed to be on a too high level in terms of outside customer focus and the emphasis 
on market disruptive technology changes. 
 
Finally, this study supports the importance of conducting preliminary work. Solid up-
front “home work” should be undertaken to prevent costly rework later in the PTD 
process. Preliminary work should, under no circumstances, be “skipped” in order to 
save time. 
   
 

8.2. Limitations and future research 
Although, this study increases the understanding of the management of radical 
process innovations, limitations and areas for future research are identified. 
 
First, a common concern about case studies is that they provide little basis for 
scientific generalisation (Yin, 2003). Although four case studies were selected, 
enhancing the internal validity, the participation of only one organisation hampers the 
generalisation of the knowledge to other companies. More research should be 
conducted to test if the obtained results are robust and if they can be transferred to 
other organisations, in other industries. 
 
Second, the causes for delivering technologies too late were investigated in only one 
PD programme. Further research should be conducted to investigate the situation in 
other PD programmes. Moreover, the redesign can be developed into a complete 
model looking at how the organisation identify technology innovations, which impact 
it has on the product and give feedback to the initial stage of the FD process. This 
model can then be used to gauge where each product is relative to technology 
innovations and across the whole product family. The model portrays how effective 
FD projects are at shaping the products the organisations delivers.  
 
Third, each case entails four interviews, to enhance internal validity. Although, the 
case selection is performed as broad as possible and in line with the research 
questions, some bias may exist. To counter bias more interviews can be included. 
 
Finally, future research is to conduct a pilot study. As discussed by Van Aken et al. 
(2007) it is very common for BPS projects to finish after redesign. Therefore, no 
practical evidence is generated, except for expert opinions, whether the proposed 
redesign is really delivering the benefits it is expected to generate. Therefore, it is 
advisable to conduct a pilot study to validity performance before the redesign is 
spread through the organisation. 
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Appendices 

Appendix I: The Process Technology Development process 
 
The PTD process is used to manage development and implementation of new 
manufacturing capabilities across the business. 
The supporting framework ensures compliance with the underlying process principles 
of: 
 

• Delivering programme of work which addresses all business, commercial and 
technical risks 

• Developing fundamental process understanding via a systematic experimental 
approach 

• Demonstrating basic capability through the definition of key process variables  
 
A representation of the current PTD process is portrayed below (due to confidentiality 
a basic model from Cooper (2002) is provided). The process starts with the innovation 
process, i.e. the generation and initial screening of the ideas. Afterwards, a business 
case is compiled that highlights the transition to the rigid stage-gate type TRL process 
(discussed in the next paragraph). When all the TRL levels are completed the process 
technology is ready for production.  
 
   

Scoping
Build 

Business 
case

Development Testing & 
Validation Launch

Innovation

Idea 
screen

Second
screen

Go to
development

Go to 
testing

Go to
launch

Driving processes to product launch

TRL processPre-TRL process

PTD process  
 
The TRLs12 
The TRLs are a sequence of carefully defined stages of maturity, intended to help 
communicate the development status of manufacturing PTD projects. The original 
technology readiness scale was developed by NASA. Technology Readiness Levels 
(TRLs) are a systematic metric/measurement system that supports assessments of the 
maturity of a particular technology and the consistent comparison of maturity between 
different types of technology. The general model include: (a) ‘basic’ research in new 
technologies and concepts (targeting identified goals, but not necessary specific 
systems), (b) focused technology development addressing specific technologies for 
one or more potential identified applications, (c) technology development and 
demonstration for each specific application before the beginning of full system 
development of that application, (d) system development (through first unit 
fabrication), and (e) system ‘launch’ and operations. The following TRL gates are 
specified13: 
 
                                                 
12 http://ipao.larc.nasa.gov/Toolkit/TRL.pdf 
13 Due to confidentiality of this business process the generic NASA model is presented 
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Technology Readiness Levels Summary 
• TRL 1 Basic principles observed and reported 
• TRL 2 Technology concept and/or application formulated 
• TRL 3 Analytical and experimental critical function and/or characteristic 

proof-of concept 
• TRL 4 Component and/or breadboard validation in laboratory environment 
• TRL 5 Component and/or breadboard validation in relevant environment 
• TRL 6 System/subsystem model or prototype demonstration in a relevant 

environment 
• TRL 7 System prototype demonstration in a simulated environment 
• TRL 8 Actual system completed and qualified through test and demonstration 
• TRL 9 Actual system “proven” through successful operations 
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Appendix II: Report structure 
 
Step in reflective cycle Terminology in the report Corresponding chapter 
Choice of type of problem Theoretical exploration 2 
Choice of case Case selection 3.1 
Problem definition Problem statement 3.2 
Analysis & diagnosis Analysis 

Conclusions/ diagnosis  
4-5 
 

Plan of action Redesign 
Implementation 

6 
6.5 

Intervention Not applicable14  
Evaluation Not applicable  
Reflection on results Scientific implications 7 
Developing technical rules Conclusions and limitations 8 

                                                 
14 Within the limited time scale of an MSc thesis project, the actual intervention and evaluation of the 
intervention is not executed. 
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Appendix III: Interview guide 
Project name:     Name interviewee: 
Project start:     Interviewee function: 
PL:      Involved since inception: Yes/No 
PTD-level:  
Issuing department:     
FD funding (£):  
 

Perceptions about managing PTD development projects 
1. Please describe how the project progressed through the PTD process? What was/is 

your role in the project? 
2. Where is innovativeness in the PTD process? Do you think the PTD process 

promotes innovation? 
 

Causes for success and failure to deliver manufacturing technologies in time 
3. Were/are there any major delays/bottlenecks in the project? In which phase? 
4. What are the most important success factors to deliver the project in time? In which 

phase? 
5. What are the largest causes to miss the PL date of a product? In which phase are 

these located? 
6. Is the innovativeness (incremental/radical) of the project related to the delays/success 

factors/failure? 
7. How are risks assessed in the PTD process? 
8. How are the benefits assessed in the PTD process and what are the most important 

benefits in this project (both customer, product, as well as process benefits)? 
9. Does this represent the innovativeness of the project? 
10. Is there a relation between benefits and risks? 
11. Do you have any suggestions to improve the PTD process, especially regarding 

managing radical innovations? 
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Appendix IV: Example of an innovation assessment form  
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Appendix V: Average assessment results (Product X & Y) 
 
 Process/ 

Incremental 
Process/ 
Radical Total % Radical 

innovative 
Department 1 8 2 10 20.0 
Department 2 53 12 65 18.5 
Department 3 15 10 25 40.0 
Department 4 13 14 27 51.9 
Total 89 38 127  
Overall % 70.1 29.9   
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Appendix VI: Outcomes follow-up interviews 
Question Department 2 Department 4 Department 1 Department 3 Conclusion 
1. Do you 
perceive a 
chronological 
order of 
innovativeness 
in product 
types? 

The products 
across the 
family are 
derivatives: 
similar cause 
and 
technologies, 
and no big 
difference 
between the 
products. The 
level of 
product 
progression is 
reducing. 

Not really 
answered but 
some clarity is 
given by the 
next question. 

Not 
necessarily 
like that. 
Innovation is 
going upstairs 
and then 
suddenly you 
have a leap 
and then it is 
going upstairs 
and then there 
is a leap again. 
Within the 
product family 
it is probably 
going upstairs 
and then fairly 
consistent. So, 
yes there is 
innovation but 
consistent and 
you have the 
step changes.  

Yes, I believe 
there is yes. 
They are very 
incremental. If 
we are just 
talking about 
department 3, 
than they are 
very 
incremental.  
 

No consistent 
answers 

2. What do 
you think 
about the 
overall 
results? And 
about the 
difference 
between the 
products? 

Probably right, 
more 
incremental 
than radical. 
30% is right, 
there are 
pretty radical 
design 
elements. 
Product X is 
seen as a 
development 
of  in the 
product 
family, 
Product Y is 
seen as 
different. 
People 
perceive that 
there is more 
innovation in 
the design. 
More 
innovative in 
making 
Product Y and 
more 
innovative 
parts because 
of the 
competitive 
market we’re 
in (cheaper, 
more capable, 

Probably right, 
we’re holding 
back on truly 
radical 
activities 
because it is 
probably too 
much risk 
because we 
are doing them 
too late. 
Product X is a 
fairly standard 
product and 
Product Y 
have the 
introduction of 
new 
technology 
that can be 
described as 
the more 
radical step 
changes.  

I am not that 
surprised. It 
depends on 
how you 
interpret 
innovation. 
There is a 
difference 
because 
Product X was 
not very 
different to 
Product W, 
which has led 
us to give 
quite a lot of 
relatively 
radically 
improved 
technology. I 
am not truly 
convinced that 
everything is 
innovative but 
Product Y is 
more 
innovative 
then Product 
X and that is 
what the 
graphs show, 
so not 
surprised. 

That is 
probably what 
I expected to 
see.  
Product Y has 
been far more 
challenged by 
materials.  

All 
departments 
agree that the 
overall 
division 
between 
incremental 
and radical 
innovations is 
right.  
Furthermore, 
they concur 
that Product X 
is a fairly 
standard 
product in the 
product family 
and that 
Product X can 
be described 
as a more 
radical step 
change. 
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and efficient). 
3. How do you 
feel about the 
percentage of 
radical 
innovation in 
your 
department? 

Probably 
about right, I 
expected this 
80/20 split. 
Main focus is 
on incremental 
development. 

The product 
radical being 
19% surprises 
me, I expected 
it be slightly 
higher.  

I think that it 
is partly where 
we are as a 
business. The 
products we 
are involved in 
at the moment 
are developing 
things that we 
already do, or 
processes 
from the 
outside and 
replicate it in 
our own 
business. 
Maybe I’ve 
been a little bit 
too extreme 
with the top 
box, there are 
probably some 
process 
incremental 
changes. I 
think it is 
relatively true 
that there are 
few radical 
process 
changes. 

It looks about 
right. I think 
the 40% 
radical is 
about right. 
We’ve done 
quite a lot on 
the processes, 
the products 
has seen a lot 
of innovations. 
A lot of 
innovations 
that we have 
been through 
now is done 
about 4-5 
years ago and 
is now feeding 
through. 
 

Department 2, 
department 1 
and 
Department 3 
agree that it is 
about right. 
Main focus is 
on incremental 
development. 
Additionally, 
department 4 
expected the 
percentage of 
radical 
innovations 
being slightly 
higher. 

3b. How do 
you feel about 
the percentage 
of process 
innovations? 
(Department 
3) 

We have done a lot of work with research centres and various institutions and that is 
now fed into the products, which is why there are that many process innovations. 
Basically the ongoing work is now coming to realisation. 

4. What do 
you think 
about the 
results 
between your 
department 
and the 
average 
results? 

The difference 
between the 
radical 
innovativeness 
between 
overall and 
department 3 
is reasonably 
surprising. 
Seen the 
product 
development 
going on in 
department 3 
and 
department 4 I 
can see why it 
is higher, they 
have more 
need for new 
technologies 

Process 
radical is up 
the level I was 
expecting 
because I feel 
that for us to 
deliver more 
radical design 
concepts, the 
introduction of 
new 
components 
and those sorts 
of things have 
led to some 
fairly 
fundamental 
changes to 
manufacturing 
methods to be 
able to deliver 

Department 2 
and 
Department 1 
can be 
considered to 
be the most 
important. In 
department 1 
it is much 
harder to be 
innovative 
because it is 
fundamentally 
driven by 
exact science 
where I 
wouldn’t 
expect radical 
improvements. 
From a 
manufacturing 

20% on 
product feels 
right because 
we are starting 
to see quite a 
lot come 
through the 
product. The 
overall 
innovativeness 
is only 10%, it 
reflects the 
significant 
changes in 
department 3. 
I find it 
difficult to 
comment 
because I 
don’t really 
know enough 

Department 
4and  3 agree 
on the same 
level. The 
other 
departments 
look from 
different 
perspectives. 
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in 
manufacturing 
and process 
change. 

it. point of view, 
again most of 
department 1 
will be fairly 
incremental 
because we 
know what we 
have to make. 
In department 
2 that is not 
the case, I am 
not surprised 
at all that they 
there is a 
higher level of 
focus on 
innovation, 
they have also 
the resources 
to do so (they 
have a lot 
people looking 
at PTD). 
I am not 
totally 
surprised by 
the trend that 
department 2 
is pushing the 
process side. 
Furthermore I 
am surprised 
by the extent 
of difference. 
Part of the 
reason is that 
the business is 
more 
interested in 
developing 
new solutions 
(i.e. products) 
than 
developing 
existing 
solutions (i.e. 
processes) 
present in the 
FD funding 
allocation 
structure. 

about the rest 
of the 
departments to 
say how 
radical they 
are or not. 
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5. What do 
you think of 
the significant 
share of 
process/incre
mental 
innovations in 
department 2? 
(Department 
2) 

It feels about right, the products are very similar and we are mainly developing the 
process around it. The focus is on compliance, on capability improvement, all tend to 
be process related. 
In more recent times the innovations have been focussed around smaller technologies 
or around improving the installed technologies and would therefore be more likely to 
be seen as incremental innovations. The population assessed in this study is very 
likely to have only been involved in more recent projects and therefore the bias will 
be towards the more recent incremental programmes they have visibility of. Other 
departments I know have undergone major process innovations in the same time 
frame. 

6. Can you 
explain the 
significant 
proportion of 
incremental 
product 
innovations in 
department 1? 
Especially in 
contrast to the 
share of 
process/incre
mental 
innovation in 
the overall 
graph? 
(Department 
1) 

Refer to answer question 4 

7. Are there 
any other 
figures that 
surprise you? 

For 
department 2, 
we don’t see 
much product 
change, so that 
is about right, 
very much 
incremental 
changes. From 
a manpower 
resource 
perspective 
there is much 
more 
emphasis on 
process, that is 
why it is 
higher. Take 
more focus on 
the business. 

Not really any. 
The 
incremental 
stuff 
recognized the 
amount of 
changes we’ve 
got to pursue 
in term to 
deliver 
quality, cost 
and lead-time. 
We are clearly 
not at the level 
where the 
business 
should be (in 
terms of 
radical 
innovations, 
refer to 
comment 
about more 
radical 
innovations) 

- No, it feels, 
certainly when 
looking at 
department 3, 
about right. 

Refer to 
individual 
answers 
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8. How do you 
feel about the 
absence of 
radical 
innovations 
for Product X? 
(Department 
3) 

I think it is because it was straightforward; it was just an extra from Product W that 
followed quite quickly but is basically the same. Nothing really radical about it. It is 
all supplied. 

9. Why is 
Product X less 
radical than  
Product Y? 

(See answer 
question 2) + 
also 
perception that 
the product 
has another 
name, and 
they see it 
different. It 
has more 
innovative 
requirements 
and 
competition. 

Discussed 
earlier 

Product X was 
quite slow of 
the ground and 
from the point 
of view of 
levels of 
delivery that 
we have to 
make. Product 
X was more 
aggressive, so 
we had to 
introduce fast 
and produce a 
lot of parts 
from the start.  
Another 
important 
factor of the 
more radical 
character of 
Product Y is 
the 
competitivene
ss of the 
product. 
Probably 
because there 
is a gap of 
several years 
between 
Product Y and 
its competitor, 
which has to 
be justified in 
performance. 
Another 
element is that 
the 
organisation 
always 
expected to 
have the same 
competitors 
for the 
product. 

Discussed 
earlier 

Product Y is 
more radical 
because: it is 
perceived to 
be different 
due to another 
name and 
having more 
innovative 
requirements. 
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10. How do 
you feel about 
the ample 
presence of 
radical process 
innovations? 
(Department 
4) 

Refer to question 3 

 
Key: 
Yellow = Agreement 
Blue = Agreement 
Red = Difference 
Green = Interesting department specific comments 
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Appendix VII: Component review document 
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Appendix VIII: Within case analysis 
Project: Polish 
Innovation: Radical 
Outcome: Failure 
Source: Based on requirement 
 
 Project 

delays 
Project 
failure 
factors 

Project success 
factors 

Improvement of 
PTD process 

Location 
innovation 
in PTD 
process 

Polish 

I.W   - Lack of 
funding 
- Over-
optimism 
- Resources; 
putting 
wrong 
people on 
wrong 
places 

- Planning; clarity 
and agreement over 
deliverables 
- Adequate funding 
- Stable resources 
over time 
- Good programme 
management 

- Senior level support 
in the PTD process 
- Enable early work 
funding via alignment 
with FD 
- Improve early phase 
(less justification and 
more ability to 
interact with outside 
world (early phase) 
- Don’t change too 
much 
- More alignment 
with other 
programmes/processe
s 
- Organize gathering 
of evidence, now too 
much/double 
evidence is asked 
- Abandon project 
earlier, “failed” 
projects are carried 
on too long 

- Innovation 
disappear 
when you 
are too late 
(early phase) 

M.B - Technical 
problems; 
wrong 
parameter 
setting by 
organisation 
testing 
- Slow 
decision 
making 
- Getting 
resources 
when you 
need them 
- 
Prioritarisati
on; 
production 
favoured 
over 
development 

-Technical 
problems 
- Resources; 
right people 
on right 
place (not 
able to) 

- Commitment to 
project 
- Technological 
capability 
- Cooperation with 
other departments 
- Drill down many 
features to a few 
- Senior management 
support 

- Improve risks 
assessment, use it 
better and make it a 
more active tool 
 

- Not 
discussed 
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N.W - Lack of 
resources 
(one 
employee for 
programmin
g the 
machine 
tool) 

- No clear 
reason to do 
it 
- Not enough 
funding 
- Getting 
enough 
dedicated 
resources 

- Technological 
capability 
- Resources; getting 
specialized/experienc
ed people in the 
project 

- More funding to do 
innovation 
- Provide more time 
for innovation, enable 
people to understand 
innovation, reviews, 
conferences, 
competitions etc. 
- Cultural change 
- Strategy; clarity 
about what the 
organisation wants to 
change 
fundamentally 

- Innovation 
is at the 
front-end of 
the PTD 
process 

 
 
Project: Casting 
Innovation: Radical 
Outcome: Success 
Source: Initially no product 
 
 Project 

delays 
Project 
failure 
factors 

Project success 
factors 

Improvement of 
PTD process 

Location 
innovation 
in PTD 
process 

Castin
g 

O.D - Priority 
setting, 
working 
solely on 
production 
- 
Technolog
y issues 

- Design 
definition 
too late 
- Lack of 
quality 
information  
- Making too 
difficult/risk
y things 

- Creating the 
will/commitment in 
the project 
- Independent checks 
on projects 
- Senior involvement 
- Governance 
structure that check 
the project on regular 
basis  
- Sufficient funding 
- Sufficient resources 

- Funding of 
commodity strategy 
to enable technology 
development 
- Ample resources 
- Commodity strategy 
will enable the 
development of 
future technologies 
instead of waiting for 
PD programmes 

- Innovation 
present in 
early stage 

B.P  - 
Technologi
cal issues 
due to 
rushing 
into the 
project too 
quickly 

- Not doing 
systematic 
work in the 
early phase, 
too much 
rush 

- Definition of the 
business case, a good 
plan 
- Technology 
capability 
- Appropriate 
resources 
- Appropriate funding 

- Answering initial 
technical questions 
correctly to prevent 
later problems 
- Benefit assessment 
should be done 
throughout the PTD 
process 

- Innovation 
in early 
phases 

P.C - Delay in 
demand 
lead to 
project 
delays 

- Time 
scales at the 
early stages 
are tight, 
especially 
when 
developing 
radical 
technology 

- Communication 
between the many 
disciplines 
- Design should be in 
time to develop the 
technology 
appropriately 
- Utilize lessons 
learned in future 
projects to smoothen 
the transition 
- Commitment to the 
project 

- Projects are 
constrained by costs, 
the structure of 
applying for funding, 
based assessment of 
funding in the start 
- Be more strict at the 
gates during review 

- Innovation 
takes place 
before the 
PTD process 
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Project: Welding 
Innovation: Incremental 
Outcome: Success 
Source:  
 
 Project 

delays 
Project 
failure 
factors 

Project success 
factors 

Improvement of 
PTD process 

Location 
innovation 
in PTD 
process 

Weldin
g 

A.H - Tight 
timescales 
- Priority 
setting of 
projects 
- Lack of 
resources 
will slow 
PTD 

- Lack of 
technical 
competence 
and 
technical 
validity 

- Getting the 
materials in 
- Get enough time to 
test 
- Priority setting for 
the allocation of 
scarce materials 

- Senior level support 
- Better allocation of 
funding, not only 
short-term demands, 
allow projects to 
work on technology 

- Innovation 
is only in 
improvemen
t due to 
funding and 
time 
constraints 
provided by 
PD 
programmes 

K.B - Time 
constraints 
delayed 
some 
packages 
to work on 
- Lack of 
funding 
causes 
delays 
- Product 
design too 
late 

- FD funding 
only 
provided for 
1 year 

- Not discussed - Strategy; where do 
we want to be in 5 
years? There is not 
visibility on what we 
do (PTD and FD 
should be linked 
together). This will 
provide more 
opportunity to plan 

- Innovation 
possible 
during the 
whole PTD 
process, but 
becomes less 
during 
maturity. 
Typically, 
between 
early TRL 
(interviewee 
describe this 
as R&D 
phase) 
- Flexibility 
is high in the 
earliest 
phase 
- Innovation 
mainly pre-
TRL, FD 
constraints 
afterwards 

S.B - Getting 
the 
materials 
in 
- Get 
enough 
time to test 
- Priority 
setting for 
the 
allocation 
of scarce 
materials 

- Not having 
the right 
people/resou
rces for 
design 
- Lack of 
long-term 
planning and 
according 
funding 
structure  

- Face-to-face to 
make good decisions 
- Down selecting, 
only pick-out that 
crosses different 
projects 
- Appropriate funding 
- Ample resources 

- Improve the way 
ideas are fed into the 
system, improve the 
way they are written 
down 

- Innovation 
happens 
early TRL, 
the earlier 
the more 
change you 
have on IP 
- Innovation 
is in the 
beginning 
steps of the 
PTD 
process, 
unstructured 

Master Thesis  71 
 



Managing the Development of Radical Innovations in an Aerospace Component Manufacturing Organisation 

Master Thesis  72 
 

 
 
Project: Coating 
Innovation: Incremental 
Outcome: Failure 
Source:  
 
 Project 

delays 
Project 
failure 
factors 

Project success 
factors 

Improvement of the 
PTD process 

Location 
innovation 
in PTD 
process 

Coat
ing 

R.J - 
Purchasing 
prevents 
you 
spending 
- Difficult 
to engage 
different 
organizatio
ns that are 
not 
involved 
with the 
work 
- 
Coordinati
ng within 
the project 
is difficult 

- Not 
discussed 

- Sufficient time, not 
sufficient time leads 
to compromise on 
quality 

- Difficult to make 
one process 
applicable to all 
technologies, it 
expands too much. 
Keep it lean 

- 
Universities 
and external 
sources 
(conferences, 
papers etc.) 
often used 
for the 
innovative 
step and is 
then picked-
up by 
organisation, 
this is more 
or less done 
pre-TRL and 
early TRL. 
Radical 
especially 
pre-TRL 

C.P - Getting 
purchase 
orders out, 
created 
problems 
in the 
supply 
chain 

- Unrealistic 
planning, 
want to do 
things faster 
than possible 
- Resources 
are too 
scattered, 
much 
different 
jobs with 
conflicting 
priorities 

- Setting milestones, 
these have to be met 
in terms of contents, 
time and cost 
- Resources are the 
tools to be successful 

- Get better at 
abandoning projects, 
prevent 
funds/resources to be 
wasted 
- Better at planning 
- Agility to do things, 
too constrained by 
purchasing 

- Innovations 
are pre-TRL 
because 
aspects are 
defined 
towards TRL 

D.R - It is 
difficult to 
interface 
with 
different 
functions 
within the 
organisatio
n 
satisfactor
y 

- Not 
discussed 

- Getting the 
technology capability 
in 
- Risk assessment 
linked to project plan 
which allows the 
management of 
resources 

- Involve outside 
people in the reviews 
-  Introduce pre-TRL 
stage to 
manage/select 
innovation 
- Making clearer 
decisions to 
downselect project, 
more confident in the 
decisions made 

- No 
innovation 
recognized 
in the PTD 
process, the 
innovative 
bit is outside 
the PTD 
process 
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Appendix IX: Cause-and-effect diagram “Polish” 
 

9. Time constraints 
(1)

11. Lack of 
resources (3)

10. Lack of funding 
(2)

3. Lack of senior 
support (1)

6. Unable to select 
opportunities in a 

project (1)

22. Fail to meet 
Product Launch

13. Constraining 
early work (pre-

PTD) (2)

6. Lack of 
coorperation PTD 

and FD (1)

7. FD funds short-
term projects (1)

17. Supplier 
problems (3)

20. Technical 
problems (2)

18. Slow decision 
making (1)

2. No clear reason 
to do it (1)

16. Over-optimism 
(1)

15. Unrealistic 
planning (1)

14. Commitment 
to project (1)

4. Lack of 
cooperation with 
other dept’s (1)

19. Little interaction 
with the outside 

world (1)

8. No Go/Kill 
decisions in 
projects (1)

21. Delays
1. Lack of 

corporate strategy 
(1)

12. Priority setting 
(towards 

production) (1)

47. Less 
justification (1)

48. Lack of techn. 
capability (2)  

Note: the number visualised in each box, between brackets, represents the number of interviewees that identified this phenomena (maximum 3 in 
the within-case analysis)  
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Appendix X: Cause-and-effect diagram “Casting” 
 

9. Time constraints 
(1)

11. Lack of 
resources (2)

10. Lack of funding 
(2)

3. Lack of senior 
support (1)

22. Fail to meet 
initial Product 

Launch

13. Constraining 
early work (pre-

PTD)

7. FD funds short-
term projects (1)

15. Unrealistic 
planning (1)

14. Commitment to 
project (2)

4. Lack of 
cooperation with 
other dept’s (1)

12. Priority setting 
(towards 

production) (1)

25. Delay in 
airframe (1)

26. Design definition 
too late (1)

16. Too much rush 
in early phase (1)

31. Lack of quality 
information at TRL 

gates (1)

17. Making too 
difficult/risky 

things (1)

24.Definition of the 
business case, a 

good plan (1)

27. No feedback to 
smoothen transition 
between projects (1)

23. Strategy to enable 
future tech. Development 

(1)

30. Not strict 
enough at gates 

during reviews (1)

18. Technical 
problems (2) 21. Delays

48.Lack of techn. 
capability (2)  
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Appendix XI: Cause-and-effect diagram “Welding” 
 

Master Thesis  75 
 



Managing the Development of Radical Innovations in an Aerospace Component Manufacturing Organisation 

Master Thesis  76 
 

Appendix XII: Cause-and-effect diagram “Coating” 
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Appendix XIII: PTD process chart for Product X 
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Appendix XIV: Cross-case analysis 
 
 

 Radical/Failure 
(Polishing) 

Radical/Success
ful (Casting) 

Incremental/Su
ccessful 
(Welding) 

Incremental/
Failure 
(Coating) 

PTD process15 
Relation degree of 
innovativeness/delays 

- Radical 
innovation is 
probably more 
sensitive for delays 
(1) (+) 

- Novel ideas, 
more innovation, 
more risks which 
will influence the 
time aspect (2) 
(+) 

- Higher 
innovation is 
more likely to 
cause delays (3) 
(+) 

- There 
appears to be 
a relation 
although it 
depends on if 
the risk 
assessment is 
done 
alongside (2) 
(+) 

Abandon projects - Some innovative 
programmes 
stopped due to a 
lack of commercial 
viability within 
polish (1) 

- Some projects 
carry-on too long 
while not 
beneficial (1) 

- Targeted 
approach to 
company goals, 
otherwise was 
resource on 
unbeneficial 
projects (1) 

- Not visible 
in the PTD 
process where 
to abandon 
projects, every 
project goes 
through TRL 
till delivered 
(2) 

Relation risk/benefit - Should be more 
naïve, just start 
with more things 
with high risks 
because they 
benefit the 
company (1) (+) 

- There is a 
trade-off 
between risks 
and benefits (1) 
(+) 

- More novel 
designs have 
greater benefits 
and risks and 
early benefit 
assessment 
would help the 
business case (3) 
(+) 

- Important 
relation 
between risks 
and benefits to 
be assessed in 
projects (3) 
(+) 

Innovation 
management 

- TRL can be used 
to manage both 
incremental and 
radical innovations  
(2) 

- TRL gates at 
the gates are 
flexible so it is 
possible to 
manage 
incremental and 
radical 
innovations (2) 

- The PTD 
process should 
be able to 
manage both 
incremental and 
radical projects 
(1) 

- Capable of 
managing 
radical 
projects, the 
real 
innovative 
step is pre-
TRL. Some 
pre-trials are 
carried-out, it 
is unlikely to 
engage TRL if 
you only had 
an idea (2) 

Innovation - Not discussed - PTD provides a 
structure to make 
innovation work 
(2) 

- PTD doesn’t 
slow innovation 
(2) 

- PTD helps 
you to 
develop and 
not come up 
with ideas (2) 

Project progression 

                                                 
15 In the “PTD Process” table the answers are rated by number of respondents agreeing. Rating lower 
than 3 will implicate that this topic was not discussed/not consistently answered (due to semi-structure 
of the interviews). 
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Project delay - Supplier 
problems (3) 
- Lack of resources 
(on the right 
moment)  (2) 
- Technical 
problems; wrong 
parameter setting 
by organisation in 
testing (1) 
- Slow decision 
making (1) 
- Prioritirisation; 
production 
favoured over 
development (1) 

- Technology 
issues (2) 
- Priority setting, 
working solely 
on production (1) 

- Time 
constraints (3) 
- Priority setting 
of projects (1) 
- Lack of 
resources will 
slow PTD (1) 
- Lack of 
funding causes 
delays (1) 
- Product design 
too late (1) 
- Problems 
getting the 
materials in (1) 
- Priority setting 
for the allocation 
of scarce 
materials (1) 

- Getting 
purchase 
orders out 
(time 
consuming) 
(2) 
- Difficult to 
interface with 
different 
functions (2) 
- Difficult to 
engage 
different 
organizations 
that are not 
involved with 
the work (1) 

Project failure - Lack of funding 
(2) 
- Lack of resources 
(3) 
- No clear reason to 
do it (1) 
-Technical 
problems (1) 
- Over-optimism 
(1) 

Design definition 
too late (1) 

↓ 
Not doing 
systematic work 
in the early 
phase, too much 
rush (1) 

↓ 
Time scales at 
the early stages 
are tight, 
especially when 
developing 
radical 
technology (1) 
 
- Lack of quality 
information at 
TRL gates (1) 
- Making too 
difficult/risky 
things (1) 

- FD funding 
only provided for 
1 year (1) 
- Lack of 
technical 
competence and 
technical validity 
(1) 
- Not having a 
plan upfront (1) 
- Little 
support/backing 
(1) 
- Not having a 
good Project 
Team, meeting 
regularly face-to-
face to make 
good decisions 
(1) 
- Not able to 
down select, 
only pick-out 
that crosses 
different projects 
(1) 

- Unrealistic 
planning, 
want to do 
things faster 
than possible 
(1) 
- Resources 
are too 
scattered, 
much 
different jobs 
with 
conflicting 
priorities (1) 

Project success - Technology 
capability (2) 
- Resources (2) 
- Planning; clarity 
and agreement over 
deliverables (1) 
- Adequate funding 
(1) 
- Good programme 
management (1) 
- Supplier; have the 
right supplier with 
sufficient resources 
(1) 
- Commitment to 

- Commitment 
(2) 
-  Funding (2) 
- Resources (2) 
- Independent 
checks on 
projects (1) 
- Senior 
involvement (1) 
- Governance 
structure that 
check the project 
on regular basis 
(1) 
- Definition of 

- Funding (3) 
- Resources (2) 

- Sufficient 
time, not 
sufficient time 
leads to 
compromise 
on quality (1) 
- Alignment 
with other 
processes (1) 
- Setting 
milestones, 
these have to 
be met in 
terms of 
contents, time 
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project (1) 
- Cooperation with 
other departments 
(1) 
- Drill down many 
features to a few 
(1) 
- Senior 
management 
support (1) 

the business 
case, a good plan 
(1) 
- Technology 
capability (1) 
- 
Communication 
between the 
many disciplines 
(1) 
- Design should 
be in time to 
develop the 
technology 
appropriately (1) 
- Utilize lessons 
learned in future 
projects to 
smoothen the 
transition (1) 

and cost (1) 
- Resources 
are the tools 
to be 
successful (1) 
- Getting the 
technology 
capability in 
(1) 
- Risk 
assessment 
linked to 
project plan 
which allows 
the 
management 
of resources 
(1) 

Location in PTD process16 
Innovation - Innovation is at 

the front-end of the 
PTD process (2) 

- Innovation 
takes place 
before the PTD 
process and in 
early TRL (3) 

Innovation is in 
pre-PTD and 
early-PTD (2) 
and only in 
improvement 
due to funding 
constrained by 
PD programmes 
(1) 

- Innovation is 
pre-PTD 
(especially 
radical), and 
probably early 
TRL 1-2 (3) 

Assessment 
Risk - Not satisfactory, 

early phase risk 
assessment, project 
plan is driven by 
risks. The risk 
assessment should 
be leaner, more 
live and used for 
planning (3).  

- Formal risk 
assessment 
throughout the 
PTD process (3)  

- Formal risk 
assessment used 
(3), performs 
satisfactory (2) 

- Frequent, 
good risk 
assessments 
(3) 
- Risk 
assessment 
should be 
pushed more 
at earlier 
stages (1) 

Benefit - Benefits are not 
applicable in this 
project due to 
obligatory 
requirement (3)  

- Benefits are 
primarily 
assessed in the 
initial phase of 
the project 
(design) (1) 
- Although it is 
difficult to 
subscribe 
benefits to 
certain 
technologies 

Benefits are a 
designers thing 
(1) which are 
used in the 
business case 
(1), not formally 
assessed during 
the PTD process 
(1) 

- Benefits are 
part of the risk 
assessment, in 
terms of 
impact from 
their 
probability (3) 

Improvement 
Support and funding - Senior level 

support in the PTD 
- Projects are 
constrained by 

- Senior level 
support 

- Involve 
outside people 

                                                 
16 The location of “delays”, “successes” and “failure are omitted from analysis because the results were 
too fragmented, the interviewees gave TRL gates for specific delays which are not relatable to each 
other 
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process (1) 
- Enable early 
work funding via 
alignment with FD 
(2) 
- Provide more 
time for 
innovation, enable 
people to 
understand 
innovation, 
reviews, 
conferences, 
competitions etc. 
(1) 

costs, the 
structure of 
applying for 
funding, based 
assessment of 
funding in the 
start (1) 
- Ample 
resources (1) 

- Better 
allocation of 
funding, not only 
short-term 
demands, allow 
projects to work 
on technology 
(1) 

in the reviews 
(1) 
- More peer 
review type of 
people to run 
the TRL 
process (1) 
 

Organizational - Cultural change 
(1) 
- Strategy; clarity 
about what the 
organisation wants 
to change 
fundamentally (1) 

- Strategy will 
enable the 
development of 
future 
technologies 
instead of 
waiting for 
product design 
(1) 

- Strategy; where 
do we want to be 
in 5 years? There 
is no visibility 
on what we do 
(PTD and FD 
should be linked 
together). This 
will provide 
more 
opportunity to 
plan (1) 

 

Process - Improve early 
phase (less 
justification and 
more ability to 
interact with 
outside world 
(early phase) (1) 
- Don’t change too 
much (1) 
- Organize 
gathering of 
evidence, now too 
much/double 
evidence is asked 
(1) 
- Abandon project 
earlier, “failed” 
projects are carried 
on too long (1) 
- Improve risks 
assessment, use it 
better and make it 
a more active tool 
(1) 

- Answering 
initial technical 
questions 
correctly to 
prevent later 
problems (1) 
- Benefit 
assessment 
should be done 
throughout the 
PTD process (1) 
- Be more strict 
at the gates (1) 

- Improve the 
way ideas are 
fed into the 
system, improve 
the way they are 
written down (1) 

- Introduce pre-
PTD stage to 
manage/select 
innovation (1) 
- Get better at 
abandoning 
projects, 
prevent 
funds/resources 
to be wasted 
(2) 
- Better at 
planning (1) 
- Agility to do 
things, too 
constrained by 
purchasing 
- Difficult to 
make one 
process 
applicable to 
all 
technologies, it 
expands too 
much. Keep it 
lean. 

Key:  (+) = positive relation, (+⁄-) = no influence, (-) = negative influence 

 (#) = Number of respondents   



Managing the Development of Radical Innovations in an Aerospace Component Manufacturing Organisation 

Appendix XV: Cause-and-effect diagram “Cross-case analysis” 
 

22. Fail to meet 
initial Product 

Launch

17. Supplier 
problems (3)

11. Lack of 
resources (8)

10. Lack of funding 
(7)

13. Constraining 
early work (pre-

PTD)

11. Time 
constraints (6)

14. Over 
justification in 

early phase (1)

19. Little 
interaction with the 
outside world (1)

8. No Go/Kill 
decisions in projects 

(2)

50. Confine on 
setting a tech. 

Foundation

26. Design 
definition too late 

(2)

14. Commitment to 
the project (3)

51. No clear 
departmental 

technology strategy

1. No clear company 
technology strategy 

(2)

5. Lack of 
cooperation FD and 

PTD (3)

42. Long time to 
get purchase 
orders out (2)

15. Unrealistic 
planning (2)

46. Not sufficient 
time leads to quality 

settlement (1)

10. Priority setting 
(towards 

production) (3)

49. Rushing into 
the project

7. FD funds short-
term projects (3)

3. Lack of senior 
support (3)

4. Cooperation with 
other dept’s (3)

24. Definition of 
business case (1)

23. No clear dept 
product sttrategy 

(2)

52. No clear FD 
technology strategy

21. Delays

20. Technical 
problems (4)

48. Lack of tech. 
Capability (5)
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Table A elaborates on the problems identified in the cause-and-effect diagram 
presented above. The problems are numbered in accordance with the boxes in the 
diagram. 
 
Table A: Explanation cause-and-effect diagram 

Problem Explanation 
1. No clear company technology strategy The organisation has no clear, or at least a not 

well communicated, overarching technology 
strategy that directs all technology development 
efforts. 

2. Lack of senior support Projects struggle with gaining senior support in 
the early stages of the project (pre-PTD and early 
phase). 

3. Cooperation with other departments The lack of senior support enhances the 
difficulties faced with cooperating between 
departments. Departments execute their own 
projects rigidly.  

4. No clear departmental technology 
strategy 

5. Removed 
6. Removed 

The lack of cooperation supports the lack of 
strategy implemented and shared on departmental 
level.  

7. Lack of cooperation FD and PTD The lack of strategies, on both high- and low 
levels, in combination with a lack of cooperation 
between departments  

8. No Go/Kill decisions in projects During the PTD process (especially TRL) 
projects aren’t abandoned anymore which 
“wastes” funding and resources. 

9. FD funds short-term projects The lack of understanding leads to funding of 
short-term, incremental projects because they are 
more obvious to predict (benefits, costs, 
development time etc.). 

10. Priority setting (towards production) The current priority setting is favours production 
over technology development. Project member’s 
faces difficulties in executing pre/early PTD work 
because they “compete” with production.   

11. Time constraints Time constraints are recognised in the early stage 
of the PTD process. Project members don’t have 
the ability to spent time to perform early work on 
new technologies. 

12. Lack of funding The funding of short-term projects by FD and the 
loose Go/Kill decision making leads to a lack of 
funding of radical manufacturing technology 
development. 

13. Lack of resources Furthermore, little/no resources are allocated to 
radical manufacturing technology projects. 

14. Over justification in early phase Pre-PTD and early PTD work is perceived to be 
constrained by over-justification of every activity 
to be taken during these stages. There are a lot of 
formalities before the work can start. 

15. Constraining early work (pre-PTD) A lack of funding, resources, time constraints and 
priority setting makes the execution of early work 
difficult. 

16. Scrutinizing on setting a technology 
foundation 

Constraining early work leads to “saving” onto 
setting a technology foundation before entering 
the formal PTD process.  

17. Unrealistic planning In parallel, projects are planned unrealistically. 
No difference is made between incremental and 
radical innovations and their implication on 
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development (funding, time, benefits etc.). 
18. Definition of business case Funding, resource allocation and planning is 

based on the business case. Providing insufficient 
business plans or not recognizing the degree of 
innovation can cause unrealistic cases.  

19. Commitment to the project Individual team members lacking commitment 
towards the project negatively influence the 
progression of the project.  

20. Long time to get purchase orders out Manufacturing technology development projects 
interpret cautious spending as trying to restrict 
spending allocated money by a huge formal 
barrier.  

21. Supplier problems Removed 
22. Design definition too late Removed 
23. Lack of technology capability Technology capabilities are crucial in developing 

new manufacturing technologies. Facing 
technology burdens from the start highly impacts 
the remainder of the project.  

24. Little interaction with the outside world By constraining the execution of early work and 
thus the setting of technology foundation team 
members have little interaction with the outside 
world (conferences, universities etc.). 

25. Rushing into the project Scrutinizing on setting a technology foundation 
forces the project team to “save” time in the early 
phase of the project because the PL date remains 
unchanged. 

26. Not sufficient time leads to quality 
settlement 

Rushing into the project and facing an unchanged 
PL date forces the project team to “save” time. 
This often leads to quality settlement. 

27. Technical problems Rushing into projects originate from scrutinising 
on setting a profound technology foundation. 
Both lead to problems in later stages of the 
project because the preparation wasn’t sufficient.  

28. Delays Technological problems and quality settlement 
leads to delays. Technical problems are time-
consuming to solve and quality settlements can 
lead to rework to improve the quality or 
complaints by customers. 
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Appendix XVI: Complete list of causes/effects 
 
Cause/Effect Presence across cases Total presence 

Case 
1: 
Polish 

Case 2: 
Casting 

Case 3: 
Welding 

Case 4: 
Coating 

1. Lack of corporate 
strategy 

1 0 1 0 2 

2. No clear reason to do it 1 0 0 0 1 
3. Lack of senior support 1 1 1 0 3 
4. Lack of cooperation 

with other departments 
1 1 0 1 3 

5. Lack of cooperation  
PTD and FD 

1 0 1 0 2 

6. Unable to select 
opportunities in a 
project 

1 0 1 0 2 

7. FD funds short-term 
projects 

1 1 1 0 3 

8. No Go/Kill decisions 1 0 0 1 2 
9. Time constraints 1 1 3 1 6 
10. Lack of funding 2 2 3 0 7 
11. Lack of resources 3 2 2 1 8 
12. Priority setting 

(towards production) 
1 1 0 1 3 

13. Constraining early 
work (pre-PTD) 

N.A. N.A. N.A. N.A.  

14. Commitment to project 1 2 0 0 3 
15. Unrealistic planning 1 0 0 1 2 
16. Over-optimism 1 0 0 0 1 
17. Supplier problems 3 0 0 0 3 
18. Slow decision making 1 0 0 0 1 
19. Little interaction with 

the outside world 
1 0 0 0 1 

20. Technical problems 2 2 0 0 4 
21. Delays N.A. N.A. N.A. N.A. N.A. 
22. Fail to meet initial PL N.A. N.A. N.A. N.A. N.A. 
23.       
24. Definition of the 

business case, a good 
plan 

0 1 0 0 1 

25.       
26. No feedback to 

smoothen transition 
between projects 

0 1 1 0 2 

27. No feedback to 
smoothen transition 
between projects 

0 1 0 0 1 

28. Too much rush in early 
phase 

0 1 0 0 1 

29. Making too 
difficult/risky things 

0 1 0 0 1 

30. Not strict enough at 
gates during reviews 

0 1 0 0 1 

31.       
32. Not having a good 

Project Team 
0 0 1 0 1 

Master Thesis  85 
 



Managing the Development of Radical Innovations in an Aerospace Component Manufacturing Organisation 

33. Improve the way ideas 
are fed into the system 

0 0 0 1 1 

34. Problems getting the 
materials in 

0 0 1 0 1 

35. Priority setting 
(towards production)  

0 0 1 0 1 

36. Lack of technical 
competence and 
validity 

0 0 1 0 1 

37.       
38. Not having a plan up-

front 
0 0 1 0 1 

39. Difficult to engage 
with organisations that 
are not directly 
involved with the work 

0 0 0 1 1 

40.       
41. Getting the right 

technology capabilities 
in 

0 0 0 1 1 

42. Long time to get 
purchase orders out 

0 0 0 2 2 

43. Purchasing too 
constraining, have the 
agility to do things 

0 0 0 1 1 

44. Too little outside 
people involved in the 
reviews 

0 0 0 1 1 

45. Few peer review 
people to run the PTD 
process 

0 0 0 1 1 

46. Not sufficient time 
leads to quality setting 

0 0 0 1 1 

47. Over justification in 
early phase 

1 0 0 0 1 

48. Lack of technology 
capability 

2 2 1 0 5 

49. Rushing into the 
project 

N.A. N.A. N.A. N.A. N.A. 

50. Confine on setting a 
tech. foundations 

N.A. N.A. N.A. N.A. N.A. 

51.       
52.       
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Appendix XVII: Selection of directions for redesign 
 
Directions for 
redesign 

Description Relation to 
problem/ 
conclusions (see 
below table) 

Alignment with 
design 
specifications 
(specification 
number) 

Explanation 

1. Aligning, 
redefining and 
communicating 
technology 
strategies 

Align company, 
departmental and 
FD strategies, or 
replenish missing 
strategies and 
report these to all 
parties concerned. 

- Implementing 
strategies can 
improve ability to 
allocate time, 
funding and 
resources early 
(1) 

- Directly related 
to conclusion 2 

- Strategies can 
enhance the 
management of 
radical 
innovations (5) 

3, 4, 5, 6, 8 Setting the 
strategies is 
clearly related to 
both the problems 
and design 
specifications. 
However, 
redefining 
strategies and 
alignment are 
outside the scope 
of this study and 
therefore not 
considered. 

2. Enable 
preliminary work 

Enable early 
funding, 
resources and 
time to create a 
technology 
foundation 

- Directly related 
to conclusion 1   

- Preliminary 
work helps the 
development of 
radical 
technologies pre-
PTD (4 & 5) 

1, 2, 3, 4,5, 6,7, 8 
and 9 

Preliminary work 
is closely related 
to the conclusions 
and design 
specifications and 
therefore selected 
for final design. 

3. Create a 
separate PTD 
process for radical 
innovations 

Based on the 
academic notion 
that radical 
innovations 
require a “free” 
environment a 
separate PTD 
process can be 
designed able to 
deliver 
technologies on 
time. 

- A separate 
process for the 
development of 
radical 
innovations can 
resolve the 
allocation of 
resources, 
funding and time 
and support 
preliminary work 
(1)  

- A separate 
process helps to 
make a 
distinction 
between 
incremental- and 
radical 

1, 2, 4, 5, 8 and 9 Although there is 
some relation to 
the conclusions 
and design 
specifications 
introducing a 
separate PTD 
process is too 
radical to 
implement and 
therefore not 
considered. 
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innovations (4) 
4. Job rotation (to 
create mutual 
understanding and 
enhance 
creativity) 

Change jobs 
regularly to create 
cross-functional 
awareness to 
reduce 
departmental 
barriers between 
PTD, FD and the 
departments. 

- Job rotation is 
somewhat related 
to conclusion 2, 
there is a lack of 
understanding 
between the 
departments, 
rotation can 
create more 
mutual 
understanding  

4, 5, 6, 8 and 9 Creating a job 
rotation scheme is 
not selected for 
the final design 
because it is only 
slightly related to 
the conclusions 
and design 
specifications. 

5. Determine and 
implement rigid 
Go/Kill criteria  

Determine and 
implement rigid 
Go/Kill criteria to 
prevent “wasting” 
funding, 
resources and 
time on 
unbeneficial 
projects. 

- Free resources 
by being harsh on 
project 
continuation (1)  

- Directly related 
to conclusion 3 

1, 3, 4, 5, 6, 7 Implementing 
Go/Kill criteria 
seems to be very 
useful to enable 
funding, resources 
and time to 
conduct 
preliminary work 
and is therefore 
selected for final 
redesign. 

6. Implement best 
practices of every 
project 

Try to learn from 
finished projects 
by formalising 
best practices and 
feed them in into 
new projects. 

- Best practices 
can help you to 
identify and solve 
the problems 
regarding 
conclusion 1, 2 
and 3   

1, 4, 5, 6, 7 and 8 Best practices 
seem to be useful 
but too general to 
encounter the 
conclusions 
drawn. 

 
 
Conclusions drawn in chapter 6: 

1. Preliminary work is constrained by a lack of resources, funding and 
constraints 

2. There is no consistent, aligned and communicated technology strategy on 
organisational, departmental and FD level 

3. PTD process projects are difficult to abandon and therefore funding and 
resources are “wasted” by continuing these projects too long. 

4. The current PTD process is capable of managing incremental- and radical 
innovation within the current PTD process. However, no distinction is made 
between incremental- and radical manufacturing technologies and the potential 
implications this difference could make on the progression of the development 
project. 

5. The whereabouts of (radical) innovation is predominantly the pre-PTD stage.   
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Appendix XVIII: Difference FEI and NPPD 
 
Table B: Differences between the Front End of Innovation and the New Product and Process 
Development process (adapted from Koen et al., 2001) 

 Front End of 
Innovation/Fuzzy Front 
end 

New Product and Process 
Development process 

Nature of work Experimental, often chaotic. 
Difficult to plan Eureka 
moments 

Structured, disciplined and 
goal-oriented with a project 
plan 

Commercialisation 
date 

Unpredictable Definable 

Funding Variable. In the beginning 
phases, many projects may 
be “bootlegged”, while 
others will need funding to 
proceed 

Budgeted 

Revenue 
expectations 

Often uncertain. Sometimes 
done with a great deal of 
speculation 

Believable and with 
increasing certainty, 
analysis and documentation 
as the product release date 
gets closer 

Activity Both individual and team in 
areas to minimize risk and 
optimize potential 

Multi-functional product 
and/or process development 
team 
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Appendix XIX: Idea generating tool 
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Appendix XX: Framework for Identification and Monitoring stage 
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Appendix XXI: Measurement chart preliminary evaluation 
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Appendix XXII: The business case 
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Appendix XXIII: The planning chart 
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Appendix XXIV: Action plan 
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