
 Eindhoven University of Technology

MASTER

Cross-functional collaboration in the fuzzy front-end

Gravesteijn, W.A.

Award date:
2016

Link to publication

Disclaimer
This document contains a student thesis (bachelor's or master's), as authored by a student at Eindhoven University of Technology. Student
theses are made available in the TU/e repository upon obtaining the required degree. The grade received is not published on the document
as presented in the repository. The required complexity or quality of research of student theses may vary by program, and the required
minimum study period may vary in duration.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain

https://research.tue.nl/en/studentTheses/cc5316f4-1a50-47f5-9c4b-740f6b3dffbc


Eindhoven, October 2016 

 

 

 

 

 

  

Cross-functional collaboration in the 

fuzzy front-end 
by 

W.A. (Wouter) Gravesteijn 

Student identity number 0768371 

 

 

 

In partial fulfilment of the requirements for 

the degree of  

Master of Science in Innovation 

Management 

Supervisors: 

Prof. dr. F. Langerak, TU/e, ITEM 

dr. A.A. Alblas TU/e, ITEM 

dr. K. Eling TU/e, ITEM 

R. Rooijendijk, Company X, R&D Manager 



TUE. School of Industrial Engineering. 

Series Master Theses Innovation Management 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

I 

 

Preface 
I would like to use this opportunity to express my gratitude to all persons who have assisted me with 

the completion of my project. Without them, I would not have been able to make my graduation project 

to a success.  

 

First of all, I would like to thank my parents for providing me with the opportunity to study and enjoy 

my life as a student. After I had finished my Bachelor Industrial Product Design it was nice to have the 

opportunity to continue studying in form of the Master Innovation Management. 

 

Second, I would like to thank René Rooijendijk and my other temporary colleagues for giving me the 

opportunity and help with my graduation project at Company X. I really appreciate the kindness, effort, 

and help of my temporarily colleagues.  

 

I would like to thank the supervisors from TU/e that helped me by providing feedback and giving me 

new insights. Thanks, Theresa Treffers, Katrin Eling, Fred Langerak, and Alex Alblas for guiding me 

with the execution of my master thesis project. After each meeting, I left with new energy to continue 

writing my master thesis.   

 

Finally, I would like to thank my girlfriend, Charlotte, and my friends for supporting me during this 

project. It is very nice to have fun with friends and afterwards continue writing this master thesis with 

fresh energy. 

 

Wouter Gravesteijn 

Eindhoven, October 2016 

  



II 

 

Management Summary  
This study investigates the effects of cross-functional collaboration, the involvement of several different 

functional areas, leadership and goals in the fuzzy front-end (FFE). The FFE is the first stage of the 

innovation process. The FFE is “the period between when an opportunity is first considered and when 

an idea is judged ready for development.” Success or failure of the innovation process is often decided 

in the FFE (e.g. Cooper, 1988; Reid & De Brentani, 2004).  The fuzzy front-end (FFE) is the uncertain 

beginning period of new product development (NPD) and is often characterized by ill-defined processes 

and ad hoc decisions (Montoya-Weiss & O’Driscoll, 2000). Success and failure in NPD is often 

determined in the FFE (Cooper, 1988; Griffiths-Hemans & Grover, 2006; Khurana & Rosenthal, 1997, 

1998; Reid & De Brentani, 2004). A successful FFE can be defined by high speed, effectiveness and 

efficiency (Kock, Heising, & Gemünden, 2015). 

The New Concept Development (NCD) model by Koen et al. (2002) serves as a context for this master 

thesis. The NCD model takes into account leadership, culture, business strategy, influencing factors and 

the key elements. Key elements, or phases of the NCD, are: opportunity identification, opportunity 

analysis, idea generation, idea selection and concept development. An opportunity can be defined as “a 

business or technology gap, that a company or individual realizes, that exists between the current 

situation and an envisioned future in order to capture competitive advantage, respond to a threat, solve 

a problem, or ameliorate a difficulty”. An idea can be defined as “the most embryonic form of a new 

product or service. A concept can be defined as “a well-defined form, including both a written and 

visual description, that includes its primary features and customer benefits combined with a broad 

understanding of the technology needed” (Koen et al., 2002). 

Collaboration across different functions ensures that knowledge from different functional areas is 

combined to develop products or services that satisfy customer needs (De Luca & Atuahene-Gima, 

2007). According to Fredericks (2005) the sharing and using of information can be done well when 

there is involvement and cross-functional collaboration. Involvement of a functional area can be defined 

as “the quantity and quality of human resources allocated” from a particular functional area (Alves et 

al., 2007). Collaboration is the organizational asset that enables people to work together well (Lina & 

Stefania, 2006). Cross-functional collaboration can be defined as a collaboration in which departments 

collectively work under common goals (Kahn, 1996). In cross-functional FFE teams knowledge from 

different functions and departments is exchanged and combined in new ways to reduce uncertainties 

(Griffin & Hauser, 1996).  

In literature, potential benefits from the involvement of different functional areas can be found. In a 

case study, Perks, Cooper, & Jones (2005) found that designers do contribute to a successful FFE by 

communicating across functions through design concepts. Brettel et al. (2011) found that the 

collaboration between R&D and marketing has a positive impact on efficiency in highly innovative 

projects. Involvement of the marketing function contributes to the FFE by providing information and 

preferences of customers and competitor information (Li & Atuahene-Gima, 2001). The manufacturing 

function can identify potential problems for production of a new product (Brettel et al., 2011). Ernst, 

Hoyer, & Rübsaamen (2010) suggest the collaboration of sales and marketing in concept development. 

The sales function has close contact with the customer and is highly customer orientated (Jensen & 

Homburg, 2007).  

Proficient leadership in the FFE is often mentioned to be of great importance to success in the FFE 

(Kim & Wilemon, 2002b; Koen, Bertels, & Kleinschmidt, 2014) and has also been mentioned to affect 

cross-functional collaboration in teams (Rauniar, Doll, Rawski, & Hong, 2008). Leader openness to 

experience has a positive influence on NPD project performance when uncertainty is high. Openness to 

experience is defined as “the extent to which the NPD project leader is imaginative, sensitive, 

intellectual and polished” (open to experience) (Aronson et al., 2006). According to Koen et al. (2002) 

the FFE team should begin with providing a clear set of expectations, committing resources and defining 

the expected outcome. A shared project mission functions as a common road map for cross functional 

teams in NPD (Rauniar et al., 2008). 

The empirical analysis of this master thesis is based on a case study within Company X (a medium sized 

Dutch organization which develops and sells goods mainly for the consumer market). The empirical 

analysis is performed in form of a cross industry survey measuring the level of cross-functional 

collaboration, involvement of functions, leaders’ openness to experience and the presence of a shared 
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project mission. Convenience sampling method within organizations developing new products is used 

for data collection resulting in a sample of 82 respondents. To account for differences in FFE success 

that are not related to cross-functional collaboration, control variables are included in the empirical 

analysis, namely: Innovativeness (Huth, 2008), level of development (Lynn & Green, 1998) and 

formalization (Hüsig, Kohn, & Poskela, 2005). The empirical analysis is performed independently for 

each of the five FFE phases, in form of a correlation matrix and a regression analysis. The empirical 

analysis had the following results (Figure 1): 

- Involvement of the engineering function has a negative effect on efficiency in the FFE in 

opportunity identification. Involvement of the manufacturing and marketing function 

however have a positive effect on FFE success. Manufacturing function involvement benefits 

the FFE by improving speed and marketing function involvement by improving the quality 

aspects of FFE effectiveness. In opportunity identification cross-functional collaboration is 

negatively influencing the effects of involvement of the sales and manufacturing function on 

FFE speed. The direct effect of cross-functional collaboration however, has a positive effect on 

FFE efficiency, speed and the quality facets of effectiveness. Leaders’ openness to experience 

and the presence of a shared project mission turned out to have a positive direct effect on FFE 

efficiency.  

FFE success

Cross-functional collaboration 

in each of the FFE phases

Shared project mission

OI: opportunity identification 

OA: opportunity analysis 

IG: idea generation

IS: idea selection

CD: concept development

Involvement of the 

engineering function  in each 

of the FFE phases

Involvement of the 

engineering function  in each 

of the FFE phases

Involvement of the marketing 

function  in each of the FFE 

phases

Involvement of the marketing 

function  in each of the FFE 

phases

Involvement of the 

manufacturing function  in 

each of the FFE phases

Involvement of the 

manufacturing function  in 

each of the FFE phases

Leader openness to experienceLeader openness to experience

-

(all)

+

(OI)

+
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+
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+
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phases
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+

(all)+
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+
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+
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+

(OI, OA, IG, IS)
+

(all)

-

(OI, CD)

+

(OA)

-

(OA)

-

(OI, OA)

 
Figure 1 – Final model with the significant key findings of this study 

 

- Engineering function involvement has a negative effect on efficiency in the FFE in opportunity 

analysis too. Involvement of the sales and manufacturing function however has a positive effect 

on FFE success. Manufacturing function involvement benefits the FFE by improving its speed 

and efficiency and sales involvement by improving FFE speed. In opportunity analysis cross-

functional collaboration is negatively influencing the effects of involvement of the sales and 

manufacturing function on FFE speed. The direct effect of cross-functional collaboration 

however, has a positive effect on FFE efficiency, speed and the quality facets of effectiveness. 

Leaders’ openness to experience and the presence of a shared project mission turned out to have 

a positive effect on FFE efficiency that is partially mediated by cross-functional collaboration.  

- Similar to both opportunity phases, engineering in idea generation and idea selection has a 

negative effect on efficiency in the FFE. Yet, involvement of the other functions turned out to 
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have no significant effect on any of the FFE success measures during both idea generation and 

idea selection. Leaders’ openness to experience turned out to have a direct effect on FFE 

efficiency that is not mediated by cross-functional collaboration. The effect of shared project 

mission is partially mediated by cross-functional collaboration.  

- For concept development, the only significant effects of involvement are caused by the 

involvement of the engineering function. This involvement has a positive effect on quality 

facets of FFE effectiveness and in the meanwhile has a negative effect on FFE efficiency. For 

concept development cross-functional collaboration is negatively influencing the insignificant 

effect of involvement of the sales function. The direct effect of cross-functional collaboration 

however, has a positive effect on FFE efficiency, speed and the quality facets of effectiveness. 

Leaders’ openness to experience turned out to have a positive effect on FFE efficiency that is 

partially mediated by cross-functional collaboration. In concept development, the effect of 

shared project mission is fully mediated by cross-functional collaboration.  

 

The following practical implications can help Company X and other companies to improve their FFE 

by encouraging and improving cross-functional collaboration in the FFE. This study found that having 

a shared project mission and a project leader that is open to experience, benefit FFE results partially 

through cross-functional collaboration: 

- A leader that is open to experience should be assigned to lead the FFE.  

- The leader should provide the team with a project mission early in the FFE. The project mission 

should be shared during opportunity identification or even prior to the FFE project, because 

this leads to improved cross-functional collaboration and FFE efficiency.  

In addition to the cross-functional collaboration enhancing findings of this study, other mechanisms to 

enhance cross-functional collaboration can be found in literature (Leenders & Wierenga, 2002).  

- Formal integrative management processes help to integrate different functions in the FFE team. 

This implies a cross-functional board which monitors the processes and reviews ideas.  

- The FFE team with people from different functional departments should be relocated to one 

physical location.  

- Equal salary and career opportunities should be provided to members of the same FFE team 

(Cropanzano & Randall, 1993).  

- The organizational structure of the FFE team is also mentioned in the study of  Leenders & 

Wierenga (2002) and can be elaborated on with findings of this study: 

o During opportunity identification people from marketing and manufacturing should be 

included in the FFE team.  

o For opportunity analysis, the sales and manufacturing function should be involved.  

o For idea generation and idea selection this study did not find significant positive effects 

of the involvement of any of the functions included in this study. So, which departments 

should be involved in these phases depends on the kind of project.  

o For concept development, the only positive effects that are found are coming from 

engineering function involvement.  
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1 Introduction 
This study investigates the effects of cross-functional collaboration and the involvement of several 

different functional areas in the fuzzy front-end (FFE). This chapter starts with an introduction of the 

research topic, followed by a case study at a company to identify problems in their FFE. This case study 

serves as the foundation of this study. From the case study the problem definition with the research 

questions is formulated. Hereafter the goal of the theoretical and the empirical part of this study are 

provided and finally, an outline of this master thesis is provided.  

1.1 Background  

It is important for companies to develop innovative new products or services in order to create 

competitive advantage that will eventually secure organizational success (Griffin, 1997; Veryzer, 1998). 

The fuzzy front-end (FFE) is the uncertain beginning period of new product development (NPD) and is 

often characterized by ill-defined processes and ad hoc decisions (Montoya-Weiss & O’Driscoll, 2000). 

The FFE can be divided into five phases: opportunity identification, opportunity analysis, idea 

generation, idea selection and concept development. Success and failure in NPD is often determined in 

the FFE (Cooper, 1988; Griffiths-Hemans & Grover, 2006; Khurana & Rosenthal, 1997, 1998; Reid & 

De Brentani, 2004). A successful FFE can be defined by high speed, effectiveness and efficiency (Kock, 

Heising, & Gemünden, 2015). Information in the FFE changes overtime and is uncertain, causing most 

innovative projects to fail (Kim & Wilemon, 2002a; Murphy & Kumar, 1997). Information in the FFE 

comes from different functional areas and is combined in the FFE (Martinsuo, 2009). Collaboration 

across these functional areas is paramount to success during NPD (Keller, 2001), and in the FFE benefits 

of cross-functional teams have been found too (e.g. Kohn, 2006; Perks, Cooper, & Jones, 2005). The 

involvement of different functions in the FFE helps to define product requirements (Gupta & Wilemon, 

1990) and improves FFE speed (Griffin, 1997). The benefits of the use of cross-functional teams can 

be influenced by the level of involvement of different functions (Song, Thieme, & Xie, 1998). 

Collaboration across different functions ensures that knowledge from different functional areas is 

combined to develop products or services that satisfy customer needs (De Luca & Atuahene-Gima, 

2007). It can therefore be assumed that the FFE can benefit from cross-functional collaboration, but 

what functional areas to involve in the different phases of the FFE, and what the effect of cross-

functional collaboration is on these involvements remains unclear. This study investigates the influence 

of cross-functional collaboration on the effects of involvement of the different functions in the different 

phases of the FFE.  

1.2 Case study 

A case study in a medium sized Dutch organization which develops and sells goods mainly for the 

consumer market is performed to identify problems in the FFE at this organization. This organization 

is called Company X in the remainder of this thesis. The case study is performed by interviewing 

employees at the R&D department who currently are or have been involved in the FFE phase of NPD 

projects. These interviews reveal that R&D employees involved in the FFE value input from different 

functions in the FFE. In line with this, employees from other functional areas are currently involved in 

the FFE at Company X. But despite this involvement, cross-functional collaboration is at low levels in 

the FFE at Company X. This low level of cross-functional collaboration currently leads to an FFE that 

is performed solely by engineers at the R&D department with minimal information from other 

functional departments of the company. Although R&D members at Company X know that involvement 

of other functional areas benefits FFE results, information coming from other functions is very limitedly 

present in the FFE. Company X could benefit from knowing the effects of the involvement of people 

from different functional area in different phases of the FFE and how the effect of this involvement can 

be influenced by cross-functional collaboration.  

Next to the need for improved cross-functional collaboration, the need for a FFE leader and goals were 

stressed by the interviewees. A desired FFE leader was described by an interviewee as “someone who 

has got the time, skills and motivation” and “someone who can coordinate decisions between functional 
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departments”. At the moment, the FFE projects at Company X have no clear goals. The interviewees 

indicated that clear and realistic goals are very important to them.  

The findings of this case study lead to the initiation of the empirical analysis of this master thesis. In 

the empirical analysis, the influences of cross-functional involvement, cross-functional collaboration, 

leadership and goals on FFE performance are investigated. This empirical analysis is performed in form 

of a cross-industry survey and is combined with a literature review. The cross-industry survey measures 

the involvement of different functional areas, the level of cross-functional collaboration and leadership 

and goals that affect the level of cross-functional collaboration. The empirical analysis is performed for 

five different phases of the FFE. Company X can benefit from this study by the insight of the importance 

of cross-functional collaboration in the FFE. Leadership and goals can positively influence cross-

functional collaboration in the FFE and are also investigated to provide Company X with managerial 

tools to improve cross-functional collaboration in their FFE.  

1.3 Problem definition 

Based on the reasoning above, this study will try to answer the following problem statement:  

  

“How does cross-functional collaboration in the FFE influence FFE performance?” 

 

In order to answer this question a deeper understanding of FFE success is provided in the next chapter 

of this thesis. Factors that influence FFE success that should be included as control variables in the 

empirical analysis are discussed in the theoretical background chapter. An overview of literature of 

which functional areas are beneficial to the FFE is provided in the literature review and is elaborated 

on with further empirical analyses in this master thesis. The influence of cross-functional collaboration 

on FFE success is investigated in both the literature review and the empirical analysis. To cover these 

aspects of the research question it is divided into a set of sub research questions that are answered within 

this thesis (Table 2).  

 
Table 2 – Sub research questions 

Sub question  Method  

1. “How can success in the FFE be defined and what factors (control 

variables) influence FFE success?” 
Literature  

2. “Involvement of which functions in which FFE phase results in 

improved FFE success?”  

Literature and empirical 

analyses  

3. “How is the effect of the involvement of different functions effected 

by the level of cross-functional collaboration in the FFE?” 

Literature and empirical 

analyses 

4. “How can goals and leadership influence the level of cross-

functional collaboration in the FFE?” 

Literature and empirical 

analysis  

1.4 Goal of the literature review 

The goal of the literature review is to describe concepts and identify gaps in literature related to cross-

functional collaboration in the FFE. The literature review attempts to answer the above-mentioned 

research questions of this study and provides propositions for gaps that are identified in the current FFE 

and cross-functional collaboration literature.  

1.5 Goal of the empirical analysis  

The goal of the empirical analysis is to test the propositions formulated in the literature review of this 

thesis. Therewith the goal is to provide answers to the research questions that remain (partially) 

unanswered in the literature review. 
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1.6 Outline of this thesis 

The structure of this study is provided below (Table 3). In the following chapter the research questions 

are answered from a theoretical perspective identifying gaps in literature. Propositions are provided and 

merged into a conceptual framework that will be empirically analyzed in this study. The methods for 

data gathering and data analysis are explained in chapter 3. This is followed by the actual empirical 

analyses in which the propositions are statistically tested in chapter 4. In chapter 5 the discussion and 

conclusion are provided. In this last chapter, the discussion, theoretical implications, managerial 

implications, limitations, suggestions for future research are provided.  

  
Table 3 – Master thesis structure 

Chapter Contents  

1. Introduction Introduction, Problem definition, organization 

2. Theoretical Background and 

propositions  

Concepts, Literature support, Propositions, Conceptual 

Framework 

3. Research methodology Research design, procedure, sample, measures 

4. Data analysis and results Empirical analysis, results  

5. Discussion and conclusion  Discussion, theoretical implications, managerial 

implications, limitations and future research 

 

As can be seen in the thesis structure (Table 3) the next chapter contains the literature study. In this part 

of the thesis concepts are explained and theoretical argumentation that accounts for propositions is 

provided.  
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2 Theoretical background and propositions  
In this chapter a review of the literature of the FFE and cross-functional collaboration is provided. Gaps 

in literature are identified and propositions are composed. The propositions formulated in this chapter 

build the conceptual framework for the empirical analysis of this study. To improve readability of this 

chapter, a simplified version of this framework is shown below (Figure 2).  

 

Cross-functional collaboration 

in each of the FFE phases

Involvement of different 

functional areas in each of the 

FFE phases

Involvement of different 

functional areas in each of the 

FFE phases

Leadership and goalsLeadership and goals

P1-5

P12-P13

P6-10

FFE success

P11

 
Figure 2 – Simplified conceptual framework 

 

The theoretical argumentation for this model will be provided in this chapter. Propositions formulated 

in this chapter build a more detailed conceptual framework that is presented at the end of the literature 

review.  

2.1 The innovation process 

Innovative new products are important for success in companies (Griffin, 1997). An effective and 

efficient innovation process is essential to develop and commercialize these innovative new products. 

This innovation process shown below (Figure 3) can be divided in the fuzzy front end (FFE), new 

product development and commercialization (Koen et al., 2002). 

  
Figure 3 – The innovation process (Koen et al., 2002)  

 

The FFE  is the first stage of the innovation process and has been called “pre-development” (Cooper, 

1988), “front end of innovation” (Koen et al., 2001) and “pre-phase 0” (Khurana & Rosenthal, 1997). 

In this master thesis, the name FFE will be used. Research (Cooper, 1988; Griffiths-Hemans & Grover, 

2006; Khurana & Rosenthal, 1997, 1998; Reid & De Brentani, 2004) points out that success or failure 

in new product development is often decided before the new product project even enters the product 

development phase. So, the FFE determines the success of the rest of the innovation process to large 

extend.  

 
Table 4 – Definitions of the FFE 

Definition Reference 

“Predevelopment activities accomplish three main things: Idea generation … 

Product definition … Project evaluation” 

(Cooper, 1988) 

“… we define the front end to include product strategy formulation and 

communication, opportunity identification and assessment, idea generation, product 

definition, project planning, and executive reviews” 

(Khurana & Rosenthal, 

1997, 1998) 

“… those activities that take place prior to the formal, well-structured New Product 

and Process Development…” 

(Koen et al., 2001) 

“… we define the FFE as the period between when an opportunity is first 

considered and when an idea is judged ready for development.” 

(Kim & Wilemon, 

2002a) 
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Different definitions for the FFE have been provided (Khurana & Rosenthal, 1997; Kim & Wilemon, 

2002a; Koen et al., 2001) and are shown above (Table 4). In this literature review the definition of (Kim 

& Wilemon (2002a) will be used to define the FFE: the FFE is “the period between when an opportunity 

is first considered and when an idea is judged ready for development.” An opportunity can be defined 

as “a business or technology gap, that a company or individual realizes, that exists between the current 

situation and an envisioned future in order to capture competitive advantage, respond to a threat, solve 

a problem, or ameliorate a difficulty” (Koen et al., 2002). An idea can be defined as “the most 

embryonic form of a new product or service. It often consists of a high-level view of the solution 

envisioned for the problem identified by the opportunity”(Koen et al., 2002). 

Through the years different models have been developed to explain the FFE (e.g. Cooper, 1988; 

Khurana & Rosenthal, 1997, 1998; Koen et al., 2002). These different models contain similar activities. 

All models include activities concerning opportunities, ideas and concepts. The market and technology 

potential of opportunities are identified and analyzed. Ideas are generated and screened and finally 

product concepts are developed that function as input for further development processes.  

The New Concept Development (NCD) model by Koen et al. (2002) summarizes these models and is 

therefore chosen to serve as a context for this master thesis. The NCD model is used to explain the 

activities in the different phases of the FFE and how phases are associated with each other. The NCD 

model is chosen because it is a complete model, which takes into account leadership, culture, business 

strategy and influencing factors, next to the activities that are performed in the FFE. The NCD model 

allows flexibility in the uncertain FFE process and does not ignore external factors (Hüsig & Kohn, 

2003). Because the empirical part of this thesis is performed per phase of the NCD, the phases of the 

NCD model and its context is further explained in the next section (2.2).  

2.2 New Concept Development model 

The NCD model consists of three main components (Figure 4). The ‘rim’ is the outside, consisting of 

influencing factors. The activities are displayed by triangular shapes inside the rim connected with each 

other by forward and backward pointing arrows. The arrows pointing both ways imply the possibility 

of iterating (Koen et al., 2002), and performing activities multiple times. The middle is the ‘engine’ that 

‘drives’ the FFE. The engine consists of leadership, organizational culture and new product 

development strategy. 

 
Figure 4 – The New Concept Development model (NCD) (Koen et al., 2002) 

 

The NCD can be started either with an idea in the idea generation and enrichment phase or with an 

opportunity in opportunity identification. Opportunities are analyzed and ideas are selected in 

opportunity analysis and idea selection, respectively. Opportunities and ideas are then combined into a 
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concept in the concept definition element of the NCD (Koen et al., 2002). A concept can be defined as 

“a well-defined form, including both a written and visual description, that includes its primary features 

and customer benefits combined with a broad understanding of the technology needed” (Koen et al., 

2002). Concept development is the last stage of the NCD since it is the only stage that is connected to 

NPD to continue the innovation process.  

2.2.1 Key elements of the NCD 

Activities performed in the NCD model can be divided in five different phases named the key elements 

of the NCD. In this section the key elements of the NCD are described. The key elements, or phases, 

are important for readability and understanding of this thesis because propositions and empirical 

analysis are performed individually for each of these phases.  

The propositions formulated in the remainder of this chapter relate to each of the five FFE phases. The 

suffix of the proposition numbers represents the FFE phase it is proposed for. The phases are: (a) 

opportunity identification, (b) opportunity analysis, (c) idea generation, (d) idea selection and (e) 

concept development. For example, proposition 1b relates to the opportunity phase.  

2.2.1.1 Opportunity identification 

Opportunity identification is driven by the goals of the company. An opportunity could be a new 

direction for the company, a minor product-upgrade or a new product platform. In this element, the 

organization will identify opportunities to pursue. This can be both technical and business opportunities 

and can be identified anywhere in the company (Koen et al., 2002).  

2.2.1.2 Opportunity analysis 

In this phase the opportunity is evaluated by performing early and uncertain technology and market 

assessments to assess and confirm that the opportunity is worth pursuing. The amount of effort spent 

depends on the attractiveness, fit and size of the opportunity. During opportunity analysis more 

information is gathered to reduce the uncertainty of the opportunity (Cooper, 2008). Information on 

technology and market will still remain uncertain after this analysis, despite activities that are aimed at 

minimizing technical, market and commercial risk (Koen et al., 2002). For large opportunities, it is 

effective to assign a cross-functional team with full time team members to perform analysis.  

2.2.1.3 Idea generation and enrichment 

In idea generation and enrichment ideas are generated, developed and matured into a concrete idea 

(Koen et al., 2002). For readability, the term idea generation and enrichment will be shortened to idea 

generation in the remainder of this master thesis. The possibility of iteration in the NCD model allows 

ideas to be reshaped, combined and upgraded.  Understanding the customer and market is essential for 

successful new product development.  

2.2.1.4 Idea selection 

Often enough ideas emerge within companies (Koen et al., 2001), but the critical activity is to select 

the ideas for further development (Frishammar & Floren, 2008). Ideas that will achieve most business 

value will be selected during idea selection. It is difficult to use formal methods at this moment, because 

understanding of the opportunity and idea at this moment is limited and uncertainty is high. Therefore, 

idea selection should be less rigorous compared to later decisions in the innovation process (Koen et 

al., 2002).  

2.2.1.5 Concept definition 

During concept definition, a business case will be developed. Concept definition will be referred to as 

concept development in the remainder of this master thesis.  This business case is “based on estimates 

of market potential, customer needs, investment requirements, competitor assessments, technology 

unknowns, and overall project risk” (Koen et al., 2002). 
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2.2.2 Influencing factors 

The outer rim of the NCD model (Figure 4) consists of an environment of influencing factors in which 

the FFE activities are performed. Influencing factors are external factors that can influence how 

opportunities are identified and analyzed, how ideas are generated and selected and how concepts and 

developments are developed (Koen et al., 2002). Influencing factors are organizational capabilities, 

market size and growth (Hüsig & Kohn, 2003), competitors actions, regulations, laws, science and 

technology.  

2.2.3 The engine  

The engine consists of leadership, culture and business strategy. A successful engine distinguishes 

highly innovative companies from less innovative companies (Koen et al., 2001). The FFE needs to be 

aligned with business strategy to ensure that products resulting from the innovation process are of value 

for the company. Culture in the FFE differs from culture in the further innovation process, because of 

the chaotic and uncertain nature of the FFE (Buckler, 1997). It is therefore important that an 

environment is created that allows risk taking, compelling challenges and facilitates trust and openness 

(Prather, 2000), creating an innovative culture in which people in the organization understand that 

innovation is the fundamental way of creating customer value (Koen et al., 2002).  

2.3 Characteristics of the FFE 

According to Montoya-Weiss & O’Driscoll (2000) the FFE is typically an ill-defined process that is  

concerned with ad hoc decision making. Compared to the rest of the innovation process the FFE is often 

called chaotic, uncertain and unpredictable (Koen et al., 2002). The differences between the FFE and 

further new product development (NPD) are shown in Table 5. For the NPD part of the innovation 

process best practices are well known (Barczak, Griffin, & Kahn, 2009; Cooper, Edgett, & 

Kleinschmidt, 2004). Because of the uncertain nature of the FFE, these best practices are not applicable 

to the FFE. The combination of the importance of the FFE (Cooper, 1988) and the low amount of 

research performed in this field makes research on the FFE a promising way to improve the innovation 

process (Koen et al., 2002).  

 
Table 5 – Differences between FFE and NPD  

 FFE NPD 

Nature of Work 

Experimental, often chaotic. “Eureka” 

moments. Can schedule work--but not 

invention. 

Disciplined and goal-oriented with a 

project plan. 

Commercialization Date Unpredictable or uncertain. High degree of certainty. 

Funding 

Variable—in the beginning phases 

many projects may be “bootlegged,” 

while others will need funding to 

proceed. 

Budgeted. 

Revenue Expectations 
Often uncertain, with a great deal of 

speculation. 

Predictable, with increasing certainty, 

analysis, and documentation as the 

product release date gets closer. 

Activity 

Individuals and team conducting 

research to minimize risk and 

optimize potential. 

Multifunction production and/or 

process development team. 

Measures of progress Strengthened concepts. Milestone achievement. 

(Koen et al., 2002) 

 

Uncertainty in the FFE is caused by different kinds of fuzziness (Zhang & Doll, 2001). A goal of 

activities performed in the FFE is to reduce these uncertainties (Khurana & Rosenthal, 1998; Moenaert, 

De Meyer, Souder, & Deschoolmeester, 1995). The different kinds of fuzziness can be classified in 

three categories; customer fuzziness, technology fuzziness and competitor fuzziness. Fuzziness of the 

early stages of innovation can be described in three different natures and four different areas of fuzziness 

(Stevens, 2014). Next to uncertainty Stevens described two other areas of fuzziness; equivocality and 

complexity. He describes uncertainty as the difference of information known and information needed. 
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Equivocality is the existence of multiple and conflicting interpretations among project participants 

(Frishammar, Floren, & Wincent, 2011). Complexity occurs when different parts interact in a non-

simple way (Stevens, 2014). 

2.4 Success in the FFE 

Success in the FFE is vital to a successful innovation process (Cooper, 1988; Reid & De Brentani, 

2004). Due to high levels of uncertainty and fuzziness in the FFE, clear targets like for example meeting 

customer needs, are unavailable for the FFE (Poskela & Martinsuo, 2009). The FFE is an explorative 

phase that is best assessed with a perception-based assessment (Bertels, Kleinschmidt, & Koen, 2011). 

A successful FFE is mostly defined as a fast (speed), effective and efficient FFE (Kock et al., 2015; 

Verworn, Herstatt, & Nagahira, 2008). This definition of FFE success is used in this master thesis. With 

an effective FFE defined as a process resulting in high quantity and quality of implementable ideas 

(doing the right things). Speed is defined as the speed of idea screening, translation into concepts and 

conversion into project proposals. Efficiency is defined as productivity and costs of the process (doing 

things right).  

2.5 Cross-functional teams 

Like the NPD, the FFE is often mentioned to be a cross-functional process (e.g. Cooper, 2008; Kim & 

Wilemon, 2002a; Koen et al., 2002). Cross-functional teams involve people from different functional 

areas that are collaborating with each other. Collaboration is the organizational asset that enables people 

to work together well (Lina & Stefania, 2006). When interdepartmental, or cross-functional 

collaboration is at a high level in the beginning stages of new product development high project 

performance is likely to be achieved (Olson, C, Robert, & Joseph, 2001; Rein, 2004; Verganti, 1997).  

Success of cross-functional teams depends on sharing and using of information (Fredericks, 2005). 

According to Fredericks (2005) the sharing and using of information can be done well when there is 

involvement (Alves, Marques, Saur, & Marques, 2007; Song, Xie, & Dyer, 2000) and cross-functional 

collaboration (Kahn, 1996; Lina & Stefania, 2006). The definitions of these requirements for successful 

cross-functional teams are shown in Figure 5. The configuration of cross-functional teams depends on 

size, scope, and complexity of the project (Koen et al., 2002). Regardless of this, other studies have 

found that involvement of specific functions can improve FFE results (e.g. Kohn, 2006; Perks, Cooper, 

& Jones, 2005). The next section will examine involvement of each of the functional areas and thereafter 

cross-functional collaboration will be examined.  

 

Successful cross-functional teams

Employee involvement,  

“The quantity and quality of human 

resources allocated to innovation 

initiatives” (Alves et al., 2007)

(from multiple functional areas)

Cross-functional collaboration, 

the organizational asset that enables 

people to work together well (Lina & 

Stefania, 2006). 

&

 
Figure 5 – Success in cross-functional teams 

2.5.1 Involvement of functional areas   

Blindly involving people from all different functional areas within a company throughout the innovation 

process will probably have a negative effect on FFE success (Song et al., 1998). Involvement of a 

functional area can be defined as “the quantity and quality of human resources allocated” from a 

particular functional area (Alves et al., 2007). It is important to involve the right functions in the right 

FFE stage. In the following sections the involvement of different functional areas is addressed.  

2.5.1.1 Design function 

The involvement of the design function in the FFE has often been neglected, but in a case study Perks, 

Cooper, & Jones (2005) found that designers do contribute to a successful FFE. This study found that 
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the designers’ role is to communicate and interact with people from different functional areas. This 

interaction happened through design concepts that were shared with people from different functions. 

This involvement probably contributes to the value of generated concepts and therefore to success in 

the FFE. The propositions provided have an additional letter (‘a’ to ‘e’) for the five different phases 

(‘opportunity identification’ to ‘concept development’) of the FFE. 

 

Proposition 1a-e:  Involvement of the design function in each of the FFE phases has a positive 

effect on FFE success.  

2.5.1.2 Engineering function 

R&D is often mentioned to be involved in the FFE (e.g. Kim & Wilemon, 2002a; Koen et al., 2002). 

People that work at a R&D department mostly have an engineering background. So, for the propositions 

in this study to be comparable with the other propositions the function (engineering) is used instead of 

the department (R&D). Engineers contribute to the FFE by reducing technical uncertainty and they are 

concerned with feasibilities and the effectiveness of technologies (Ruekert & Walker, 1987). Brettel et 

al. (2011) found that the collaboration between R&D and marketing has a positive impact on efficiency 

in highly innovative projects. So, it is likely that the involvement of the engineering function has a 

positive effect on FFE results.  

 

Proposition 2a-e:  Involvement of the engineering function in each of the FFE phases has a 

positive effect on FFE success. 

2.5.1.3 Marketing function 

The involvement of marketing is most mentioned in literature for both the FFE and NPD (Koen et al., 

2001; Kohn, 2006; Moenaert et al., 1995; Song et al., 1998). The importance of collaboration between 

R&D and marketing has been stressed  by Kohn (2006). People with a marketing background tend to 

focus on matching customer preferences (Ruekert & Walker, 1987). This is in line with findings of 

Langerak et al. (2004) that pursuing a market-oriented culture enhances both efficiency and 

effectiveness in the FFE. Involving the marketing function contributes to the FFE by providing 

information and preferences of customers and competitor information (Li & Atuahene-Gima, 2001). 

Therefore, the involvement of the marketing function is proposed to positively influence FFE results.  

 

Proposition 3a-e:  Involvement of the marketing function in each of the FFE phases has a positive 

effect on FFE success. 

2.5.1.4 Manufacturing function 

Verganti (1997) suggests that other functions also need to be involved into the FFE. The involvement 

of the manufacturing function, for example, has often been neglected (Brettel et al., 2011). The 

manufacturing function can identify potential problems for production of a new product. This can save 

costs and time for potential redesigns in further NPD stages (Brettel et al., 2011). Integration of the 

marketing and manufacturing function has been found to contribute to NPD success (Ottum & Moore, 

1997), because it improves processing of market information. For the FFE in general Gupta & Wilemon 

(1990) suggest the integration of the engineering and manufacturing functions. Contrary to this Song et 

al. (1998) suggest for opportunity analysis to avoid the collaboration between R&D and manufacturing 

and also to avoid he triangular collaboration between R&D, manufacturing and marketing. The 

discrepancy in literature on the effect of involvement of the manufacturing function in the FFE makes 

it interesting to test the effects of the involvement of the manufacturing function.  

 

Proposition 4a-e:  Involvement of the manufacturing function in each of the FFE phases has a 

positive effect on FFE success. 
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2.5.1.5 Sales function 

Ernst, Hoyer, & Rübsaamen (2010) suggest the collaboration of sales and marketing in concept 

development. The sales function has close contact with the customer and is highly customer orientated 

(Jensen & Homburg, 2007). This customer orientated attitude can potentially make a valuable 

contribution to the FFE by providing knowledge about the customer.  

 

Proposition 5a-e:  Involvement of the sales function in each of the FFE phases has a positive effect 

on FFE success. 

 

The studies mentioned before in this section, state that design, engineering, marketing, manufacturing 

and sales should be involved in the FFE. However, most studies only include 3 or less of the before 

mentioned functions, or are based on case studies. The field of research as well as Company X could 

benefit from research that empirically identifies the effects of the involvement of all above mentioned 

functions in the FFE. Proposition P1 to P5 make a comparison of the effects of involvements of different 

functions on FFE success possible for each of the FFE phases. In the following section the collaboration 

between the functions discussed in section is addressed.  

 
Table 6 – Collaborations between functions in the innovation process 

Phase / activity Collaborations to pursue  Collaborations to avoid Reference 

Market 

Opportunity 

Analysis 

Engineering - Marketing   (Koen et al., 2002) 

 Engineering - Manufacturing 

 (Song et al., 1998) 

  

  (- Marketing) 

Planning 
Engineering - Manufacturing   

Manufacturing - Marketing   

Concept 

development  

Engineering - Sales   
(Ernst et al., 2010) 

Sales - Marketing   

Early stages in 

general 

Engineering - Marketing   
(Olson et al., 2001) 

Engineering - Manufacturing  

Engineering  

(Gupta & Wilemon, 1990; Verganti, 

1997) 

Marketing  

Engineering  

Manufacturing   

Design  (Perks et al., 2005) 

New Product 

Development 

Engineering - Marketing  
(Brettel et al., 2011) 

Engineering - Manufacturing  

Marketing - Manufacturing  (Ottum & Moore, 1997) 

2.5.2 Cross-functional collaboration 

The NPD used to be a sequential process, in which a project is passed sequentially from one function 

to the next (Olson, Walker, & Ruekert, 1995). This approach is referred to as “throwing over the wall” 

by Clark & Wheelwright (1992). More recent research suggests the use of cross-functional teams in 

both the FFE (Kim & Wilemon, 2002a) and NPD (Frishammar & Floren, 2008). Cross-functional 

collaboration can be defined as a collaboration in which departments collectively work under common 

goals (Kahn, 1996). Team members in cross-functional teams come from different functional areas, 

such as engineering, marketing and manufacturing. In cross-functional FFE teams knowledge from 

different functions and departments is exchanged and combined in new ways to reduce uncertainties 

(Griffin & Hauser, 1996). Cross-functional collaboration ensures that knowledge from technical, 

marketing and other functional capabilities is combined to develop products that satisfy customer needs 

(De Luca & Atuahene-Gima, 2007).  Keller (2001) found that diversity in teams leads to greater 

technical quality, faster schedule performance and better budget performance. Cross-functional 

collaboration is likely to improve communication, coordination and efficiency in the NPD (Fredericks, 

2005). Cross-functional diversity therefore has been considered a key factor to successful innovation 

(Griffin & Hauser, 1996; McDonough III, 2000; Pinto, Pinto, & Prescott, 1993). In the NPD these 
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benefits are primarily reached through external communication by team members from different 

departments (Keller, 2001). The combination of the positive effects of cross-functional collaboration 

found in the NPD, and the FFE being a cross-functional phase that involves people from different 

functions, makes it likely that cross-functional collaboration has a positive direct effect on the FFE too.  

 

Proposition 6-10a-e: Cross-functional collaboration in each of the FFE phases positively 

influences the positive effect of the involvement of each of the functions 

on FFE success.  

 

Proposition 11a-e:  Cross-functional collaboration in each of the FFE phases has a 

positive effect on FFE success.  

2.6 Leadership and goals 

Proficient leadership in the FFE is often mentioned to be of great importance to success in the FFE 

(Kim & Wilemon, 2002b; Koen, Bertels, & Kleinschmidt, 2014a) and to success of other cross-

functional teams (McDonough III, 2000). Leadership has also been mentioned to affect cross-functional 

collaboration in teams (Rauniar, Doll, Rawski, & Hong, 2008) and is therefore further investigated in 

this section. Next to leadership, common goals are also mentioned to be important to successful FFE 

teams (Koen et al., 2002; McDonough III, 2000). These common goals have a positive effect on cross-

functional collaboration (Pinto et al., 1993). Therefore, goals are also further discussed in this section.  

2.6.1 Goals and shared project mission 

To ensure a climate for innovation people have to be challenged and emotionally involved by their work 

(Prather, 2000). For NPD “a shared understanding of project objectives is paramount to success” 

(Sivasubramaniam, Liebowitz, & Lackman, 2012). Since the FFE is first stage in the innovation process 

it is the first time that an understanding of the project is gathered, it is important that during the FFE the 

team gets a shared understanding of the projects’ objectives. According to Koen et al. (2002) the FFE 

team should begin with providing a clear set of expectations, committing resources and defining the 

expected outcome. A shared project mission functions as a common road map for cross functional teams 

in NPD (Rauniar et al., 2008). To integrate work of people from different functions it is important to 

establish a clear project target in the FFE. A clear project target creates stepping stones to reach a shared 

project mission (Rauniar et al., 2008), while a shared project mission provides the team with an overall 

direction. A shared project mission is often articulated before the team is selected (Clark & 

Wheelwright, 1992) and leads to acceptance and commitment and is therefore likely to benefit FFE 

success through higher levels of cross-functional collaboration.  

 

Proposition 12a-e: Having a shared project mission has a positive effect on cross-

functional collaboration in each of the FFE phases.  

2.6.2 Leaders openness to experience 

Koen et al. (2002) stress the importance of the ‘engine’ in the FFE. The engine drives the FFE and 

consists of leadership and culture. The way the FFE is organized can contribute to the degree of cross-

functional collaboration and to a successful FFE. Cross-functional teams bring together different fields 

of knowledge, but also different personalities, cultural thought worlds, organizational responsibilities 

and physical barriers (Griffin & Hauser, 1996). This indicates that the FFE might be hard to manage 

and this stresses the importance of a good leader who can find a balance between efficiency and 

effectiveness (Song et al., 1998). Leadership of FFE teams is important to FFE success because it 

enables and supports commitment of team members (Koen et al., 2014a). In a three-year field study on 

most effective practices in the FFE Koen, Bertels, & Kleinschmidt, (2014b) underlined the importance 

of leadership. They describe good leadership as when a leader is experienced, has credibility in the 

organization, assures that team performance exceeds expectations and when the leader will enable and 

support commitment of all team members. Project leaders are the link between the project team, senior 

management and other functional groups (Lysonski, 1985). 
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As a NPD leader it is important to accept chaos (Quinn, 1985). According to (Kim & Wilemon, 2002b) 

appropriate leadership styles for the FFE are debatable, because they depend on the nature of the idea, 

team members, organizational structure and priorities. Despite this, other researchers 

(Sivasubramaniam et al., 2012) have advised to use transformational leadership for effective new 

product development.  

A transformational leader has high levels of the following traits: extraversion, openness to experience, 

agreeableness, and conscientiousness and has low levels of neuroticism (Bono & Judge, 2004). 

Transformational leadership was first introduced by Burns (1979). Benefits of transformational 

leadership are the enhancement of motivation, morale and job performance of a team. Transformational 

leadership has found to be effective for new product development. (Keller, 2006; Sivasubramaniam et 

al., 2012). Aronson, Reilly, & Lynn (2006) studied the effect of uncertainty on the relationship between 

transformational leadership and success in new product development. They found that leader openness 

to experience has a positive influence on NPD project performance directly and through teamwork when 

uncertainty is high. They define the concept of teamwork as sharing information, coordination and joint 

involvement. Openness to experience is defined as “the extent to which the NPD project leader is 

imaginative, sensitive, intellectual, polished (open to experience) versus down to earth, insensitive, 

narrow, crude, simple (unopen to experience)” (Aronson et al., 2006). Other characteristics of 

transformational leadership, like leader conscientiousness, extroversion and emotional stability are less 

important when levels of uncertainty are high, probably because leaders that are open to experience are 

more open to trial and error tasks. The findings of Aronson and colleagues are not specific to the FFE 

but, are found for NPD projects with high levels of uncertainty. The FFE is a phase of NPD that can be 

considered more uncertain than other phases (Koen et al., 2001), so high levels of leader openness are 

likely to be supportive to cross-functional collaboration in the FFE. This is in line with the findings of 

Prather (2000) that a culture with trust and openness that allow people to speak their minds and offer 

differing opinions is essential to the FFE.  

 

Proposition 13a-e: A FFE leader that is open to experience has a positive effect on cross-

functional collaboration in each of the FFE phases. 

2.7 Conclusions from literature 

In this review of literature on the FFE the importance of cross-functional collaboration in the FFE is 

explained. Functions that are often involved in the FFE are design, engineering, marketing, 

manufacturing and sales. It is important to not blindly involve these functions in the FFE, but 

unfortunately it is still largely unknown what functions should be involved in each of the stages of the 

FFE and how cross-functional collaboration interacts with these effects. The FFE could benefit from 

knowledge coming from different functional areas. Which functions contribute to what phases will be 

investigated in the empirical part of this study. Cross-functional collaboration has a positive effect on 

the results of cross-functional teams, because more knowledge is likely to be shared. For this reason, 

cross-functional collaboration is also proposed to improve the results of the involvement of different 

functions in each phase of the FFE. The FFE is uncertain and chaotic compared to the NPD what makes 

cross-functional collaboration and leadership challenging. Having a shared project mission is likely to 

provide the team with overall direction and therewith improve cross-functional collaboration. Openness 

to experience of the leader has been found to be beneficial to uncertain NPD projects. An open leader 

could be beneficial to the uncertain FFE, but this needs to, and will be further investigated in an 

empirical way in this study.  
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2.8 Research model 

The propositions formed in this literature review result in the conceptual framework shown below 

(Figure 6). This framework gives an overview of propositions formulated in this literature review and 

will function as the basis for the empirical part of the research in my master thesis.  

 

Cross-functional collaboration 

in each of the FFE phases

FFE success

Shared project mission

Involvement of the design 

function  in each of the FFE 

phases

Involvement of the design 

function  in each of the FFE 

phases

Involvement of the 

engineering function  in each 

of the FFE phases

Involvement of the 

engineering function  in each 

of the FFE phases

Involvement of the marketing 

function  in each of the FFE 

phases

Involvement of the marketing 

function  in each of the FFE 

phases

Involvement of the 

manufacturing function  in 

each of the FFE phases

Involvement of the 

manufacturing function  in 

each of the FFE phases

Leader openness to experienceLeader openness to experience

P1a-e

P2a-e

P3a-e

P4a-e

P12a-e

P13a-e

P9a-e

P8a-e
P7a-e

P6a-e FFE efficiency

FFE speed

FFE effectiveness (quantity)

FFE effectiveness (quality)

P11a-e

Involvement of the sales 

function  in each of the FFE 

phases

Involvement of the sales 

function  in each of the FFE 

phases

P5a-e

P10a-e

a: opportunity identification 

b: opportunity analysis 

c: idea generation

d: idea selection

e: concept development

 
Figure 6 – Conceptual framework 

 

In this chapter theoretical argumentation is provided leading to 13 propositions for each of the FFE 

phases. In the following chapter the research methodology for the empirical analysis to test these 

propositions is described. The research methodology chapter describes the research sample, measures, 

control variables and factor analysis.  
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3 Research methodology 
This chapter addresses the methodology used to test the propositions that are provided in the theoretical 

part of this thesis. In the first section of this chapter the sample and sampling techniques are described. 

This is followed by an explanation of the measures which are included in the survey. Finally, factor 

analyses are performed to confirm and identify multiple item constructs that are used to test the 

propositions in chapter 4.    

3.1 Sample  

Convenience sampling method is used for data collection within organizations developing new 

products. This sampling method implies that the sample is based on people working at an organization 

that develops new products and who are conveniently available to participate in this study. Data is 

collected by sending a survey to 658 people working in new product development organizations, using 

an online survey tool (enquetesmaken.com). The participants were instructed to answer the survey for 

one recent project of which the FFE has been completed or requested to forward the questionnaire to a 

suitable colleague if they were not involved in a FFE project themselves. If the questionnaire was not 

completed a reminder was send after two weeks and as an incentive to complete the survey, a fruit tree 

for every completed questionnaire was donated to a family in Bangladesh.  

 
Table 7 – Sample characteristics (respondents) 

Respondents Frequency Percent 

Gender Female 3 3.7 

Male 79 96.3 

Age Under 25 years 1 1.2 

25 - 34 years 17 20.7 

35 - 44 years 13 15.9 

45 - 54 years 30 36.6 

55 - 64 years 19 23.2 

65 years or older 2 2.4 

Educational 

background 

  

Trade / technical / vocational training 2 2.4 

Associate degree 2 2.4 

Professional degree 3 3.7 

Bachelor's degree 11 13.4 

Master's degree 28 34.1 

Doctorate degree 36 43.9 

Functional 

background 

Design 4 4.9 

Engineering 59 72 

Manufacturing 2 2.4 

Marketing 1 1.2 

Project Management 2 2.4 

Research (and Development) 3 3.7 

Business (development) 2 2.4 

Sales 2 2.4 

Other 7 8.5 

Involved as 

FFE leader  

No 48 58.5 

Yes 34 41.5 

Years of FFE 

experience 

Less than 3 years 12 14.6 

3 to 6 years 15 18.3 

6 to 10 years 12 14.6 

10 to 15 years 8 9.8 

15 to 20 years 14 17.1 

More than 20 years 21 25.6 

 

Sending out the survey resulted in 82 respondents, making a response rate of 12%. The sample contains 

people working in organizations in 12 different countries, but mostly in the Netherlands (74%). All 

questions were obligatory to fill in, so the dataset did not suffer from missing data. From the respondents 

96% was male and the majority (37%) was between the age of 45 and 54 (Table 7). People in the sample 

are on average quite experienced with working in the FFE, with an average experience of more than 12 

years. The biggest group had an engineering background (72%) and over 41% was involved as the 

leader of the FFE project.  
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Some respondents are working at the same company, however belong to different FFE teams. This 

explains the high number of people working in companies with more than 10.000 employees (Table 8). 

NPD budget in companies in the sample is mostly (75% or more) spend on goods (74%). 68% of people 

in the sample work at companies developing mostly (75% or more) high-tech products. 76% of the 

people in the sample work at companies developing products for the business to business (B-to-B) 

market. Companies in the sample come from over 16 different industries (Table 8). Largest percentages 

in the sample come from the ‘semiconductor & electronic components’ (27%) and ‘automotive’ (11%) 

industry. People from a wide variety of company sizes are included in the sample, with 35% small and 

medium sized enterprises and 21% companies with more than 10 000 employees.   
 

Table 8 – Sample characteristics (company) 
Company   Frequency Percentage 

Employees <10 5 6.1 

  11-50 13 15.9 

  51-250 11 13.4 

  251-1000 9 11 

  1000-5000 17 20.7 

  5001-10 000 2 2.4 

  > 10 000 25 20.5 

Country Netherlands 61 74 

 Belgium 9 11 

 Rest of Europe 8 9.8 

 Rest of the world 4 4.9 

Industry Aerospace 2 2.4 

  Automotive 9 11 

  Chemical 3 3.7 

  Consumer Products 2 2.4 

  Electrical Products 1 1.2 

  Healthcare Products 3 3.7 

  Imaging 2 2.4 

  Industrial 5 6.1 

  Machinery 7 8.5 

  Medical Devices 6 7.3 

  Oil & Gas (previously Petroleum) 1 1.2 

  Pharmaceutical 1 1.2 

  Scientific Research 6 7.3 

  Semiconductors & El. Components 22 26.8 

  Telecommunication & Equipment 1 1.2 

 Other 11 13.4 

Business to 

business vs 

business to 

consumer  

Virtually all B-to-B and little, if any Consumer 56 68.3 

25% Consumer and 75% B-to-B 6 7.3 

50% Consumer and 50% B-to-B 9 11 

75% Consumer and 25% B-to-B 6 7.3 

Virtually all Consumer and little, if any B-to-B 5 6.1 

High-tech vs 

low-tech 

   

  

Low-tech and little, if any, high-tech 4 4.9 

25% high-tech and 75% low-tech 7 9.8 

50% high-tech and 50% low-tech 14 17.1 

75% high-tech and 25% low-tech 14 17.1 

High-tech and little, if any, low-tech 42 51.2 

Goods vs 

services 

  

  

  

Virtually all services and little, if any, goods 5 6.1 

25% goods and 75% services 9 11 

50% goods and 50% services 7 8.5 

75% goods and 25% services 31 37.8 

Virtually all goods and little, if any, services 30 36.6 
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3.2 Measures  

The measurement tools used in the questionnaire are described in this section. Most measurements are 

proven to be valid and reliable in previous studies. In some cases, original measurement tools are 

designed to measure these constructs for NPD. These measurement tools are adjusted in order to 

measure a construct for the FFE or a specific FFE phase. At the beginning of the questionnaire the 

respondent is asked to take a recent FFE project in mind for answering the questions. Subsequently the 

respondents are asked whether the respondent is involved as the FFE project leader and whether the 

project has been launched or still is in the development phase. These questions were asked in order to 

ask the least amount of inapplicable questions or ask questions in the wrong tense.  

To be sure that respondents understand the different phases of the FFE, each of the five phases are 

described in the beginning of the questionnaire. These descriptions are in accordance with the 

definitions provided in the theoretical part of this study in chapter 2. Subsequently the questionnaire 

contained the question whether or not these phases were performed for the selected FFE project.  

Measures for involvement of functional areas, cross-functional collaboration, leader openness, shared 

project mission, FFE success and the control variables are described in this chapter. Questions 

measuring involvement of functional areas, cross-functional collaboration and formalization (control 

variable) are repeated for each of the FFE phases that are performed in the particular FFE project. The 

complete questionnaire can be found in Appendix A.  

3.2.1 Involvement of functional areas 

The level of involvement of different functional areas is measured separately for every phase of the 

FFE, to be able to compare results for different phases. This is done by repeating the involvement 

questions for every phase that is executed in the selected FFE project. For each FFE phase the level of 

involvement of different functional areas is asked on a 5 point Likert scale ranging from 0 no 

involvement to 4 very high involvement (Table 9). This involvement question is asked for 7 functions, 

namely engineering, marketing, manufacturing, sales, design, finance, purchase. If other functions were 

also involved in a particular phase, the possibility was given to provide that answer in a separate box. 

 
Table 9 – Involvement measures 

Measure 

During *, to what extent were employees involved from the following functions in your company: 

Engineering, Marketing, Manufacturing, Sales, Design, Finance, Purchase, Other functions …  

Question asked for all phases, * (OA, OI, IG, IS, CD)  

3.2.2 Cross-functional collaboration 

The level of cross-functional collaboration is measured for each of the five phases of the FFE separately. 

The measures used in this research are adapted from Kahn (1996) and consist of five questions for each 

of the five phases of the FFE. All 25 questions are measured on a 5-point Likert scale ranging from 1 

strongly disagree to 5 strongly agree (Table 10). 

 
Table 10 – Cross-functional collaboration measures  

Item Measure 

 In * the functions involved ... 

1 ... achieved collective goals 

2 ... had a mutual understanding 

3 ... informally worked together 

4 … shared the same vision for the company 

5 … shared ideas, information, and/or resources 

Question asked for all phases, * (OA, OI, IG, IS, CD) 

3.2.3 Leaders’ openness to experience  

Leaders’ openness to experience is measured for the FFE project as a whole. In the beginning of the 

questionnaire it is asked whether or not the participant was involved in the FFE project as the leader. 

Leaders were asked to answer these questions about themselves, non-leaders about their leader. The 10 
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questions regarding leaders’ openness to experience were adapted from John & Srivastava (1999) and 

asked on a 5-point Likert scale ranging from 1 strongly disagree to 5 strongly agree (Table 11), question 

7 and 9 are on a reversed scale.  

 
Table 11 – Leaders’ openness to experience measures 

Item Measure 

 
As a fuzzy front-end project leader, I see myself as someone who... / I see the leader of the fuzzy front-

end project as someone who…  

1 Is original, comes up with new ideas 

2 Is curious about many different things 

3 Is ingenious, a deep thinker 

4 Has an active imagination 

5 Is inventive 

6 Values artistic, aesthetic experiences 

7 Prefers work that is routine (reversed) 

8 Likes to reflect, play with ideas 

9 Has few artistic interests (reversed) 

10 Sophisticated in art, music, or literature 

3.2.4 Shared project mission 

The questions used to measure the level of shared project mission are adapted from Rauniar et al. 

(2008). Four questions for shared project mission are included in the questionnaire, all on a 5-point 

Likert scale ranging from 1 strongly disagree to 5 strongly agree (Table 12). 

 
Table 12 – Clear project target and shared project mission measures 

Item Measure  

 For the selected fuzzy front-end project... 

1 … the project mission was well communicated to all team members 

2 … the project mission was well defined for all team members 

3 … the fuzzy front-end team had a well-defined mission 

4 … the project mission was well understood by the entire team 

3.2.5 FFE success 

FFE success is measured by 3 dimensions for the FFE project as a whole. To measure success in the 

FFE adapted measures from Kock et al. (2015) are used. The measures contain 5 questions for FFE 

effectiveness, 3 questions for FFE efficiency and 3 questions for FFE speed (Table 13). All questions 

are asked on a 5-point Likert scale ranging from 1 strongly disagree to 5 strongly agree.  

 
Table 13 – FFE success measures 

Dimension Item Measure  

  During the selected fuzzy front-end project ...  

FFE 

effectiveness 

1 … we generated many new product-ideas for further development 

2 
… we generated sufficiently "good" and/or "right" new product-ideas for further 

development 

3 … ideas were generated that will strengthen our competitive positioning 

4 
… ideas were generated that will make us able to strongly increase our sales with new 

products within the next three years 

5    The recent fuzzy front-end project had a strong value generating potential 

FFE 

efficiency 

6 … the available and allocated budget was used efficiently. 

7 
… the available and allocated personnel resources (engineering-hours) were used 

efficiently 

8 
At large, our ideation phase of the recent fuzzy front-end project had a good cost-benefit-

ratio. 

FFE speed 

9 … ideas were quickly developed into concepts 

10 … resources for concept development were made available quickly 

11 … one or more concept(s) were quickly converted into development project(s) 
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3.3 Control variables 

To account for differences in FFE success that are not related to cross-functional collaboration control 

variables are included in the empirical analysis. In previous studies the important factors that influence 

the FFE are innovativeness (Huth, 2008), level of development (high-tech versus low-tech) (Lynn & 

Green, 1998) and formalization (Hüsig, Kohn, & Poskela, 2005). These variables can influence the 

relationships of the variables that are studied in this thesis. Therefore, in the empirical analyses these 

influencing variables need to be controlled for. This study has a relative small sample size, therefore 

only control variables that significantly correlate with one of the outcome variables are included in the 

regression analysis, because the degrees of freedom are needed in further analyses (Labovitz, 1965).  

3.3.1 Innovativeness 

The FFE for highly innovative projects differs from low innovative projects. Verworn et al. (2008) 

found mostly market related differences for the FFE of radical and incremental developments. 

Innovativeness can be defined as the degree of novelty of a product or service. Innovations with a lower 

degree of novelty are often referred to as incremental innovation. Incremental innovations stay within 

boundaries of existing technologies and markets. Incremental innovations can be referred to as 

“products that provide new features, benefits, or improvements in the existing technology in the existing 

market” (Garcia & Calantone, 2002). For radically new projects new target markets and customers are 

required. Also technology related differences were found (Verworn et al., 2008). Highly innovative 

projects require new technical knowledge, technical components and production processes (Verworn et 

al., 2008). Schultz et al. (2013) distinguished and collected measures for five facets of innovativeness. 

These different kinds of innovativeness can have different relations to NPD performance (Schultz et 

al., 2013). The five facets are market facets, technology facets, firm-internal facets, environment-related 

facets, and performance facets. To measure the five facets of innovativeness, measures from Schultz et 

al. (2013) are adapted. 5 questions for environmental facets, 6 for internal facets, 5 for market facets, 5 

for performance facets, and 3 for technology facets. All questions are asked on a 5-point Likert scale 

ranging from 1 strongly disagree to 5 strongly agree. 
 

Table 14 – Innovativeness measures 

Dimension  Item Measure 

  
In order to successfully introduce the new product/service that will result from the 

selected fuzzy front-end project … 

Innovativeness 

environment 

facets 

1 ... a new or significantly altered infrastructure has to be established  

2 ... changed industry norms will have to be established 

3 ... regulations will have to be changed 

4 ... values and norms in the society in general will need to be adapted 

5 ... external conditions have to undergo significant changes 

  
In order to develop and introduce the new product/service that will result from the 

selected fuzzy front-end project, we had to significantly change ... 

 

Innovativeness 

internal facets 

6 ... our firm’s market strategy 

7 ... our organizational structure 

8 ... our production processes 

9 ... our supply chain 

10 ... our market-related processes 

11 ... our organizational culture 

  The selected fuzzy front-end project will probably result in a product/service that ... 

Innovativeness 

marketing 

facets 

12 ... offers a new customer value not offered before by any other product 

13 ... creates a totally new market 

14 ... will significantly re-shape the value chain in our industry 

15 ... attracts new customers that were never served before by companies in our industry 

16 ... can be characterized as being very new to the market 
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The product/service resulting from the selected fuzzy front-end project will likely have 

a positive effect on ...  

Innovativeness 

performance 

facets 

17 ... profitability 

18 ... revenues 

19 ... market share 

20 ... net present value 

21 ... customer satisfaction 

  The selected fuzzy front-end project resulted in a concept that ... 

Innovativeness 

technology 

facets  

22 ... is based on new technological principles 

23 ... uses a technology that allows significant performance enhancements 

24 .... can be characterized as being based on very new technological components 

3.3.2 Level of development (high-tech versus low-tech) 

In line with the argumentation to include innovativeness as a control variable, the level of development 

is also likely to influence FFE success factors. FFE projects for high-tech products are likely to have 

higher levels of innovativeness. To control for this, the level of development will be accounted for in 

the regression analyses. In order to measure the level of development the following question is included 

in the questionnaire: “in terms of technology, my company is considered to be”. Answering possibilities 

ranged from “high tech and little, if any, low-tech” with decreasing steps of 25% to “low-tech and little, 

if any, high-tech”. 

3.3.3 Formalization  

In NPD an adequate degree of formalization is needed to develop successful products (Moenaert et al., 

1995), because formalization in the FFE has a curvilinear relation with uncertainty reduction in the FFE. 

The term formality in development projects refers to the degree to which rules, policies, and procedures 

govern the development project (Tatikonda & Montoya-Weiss, 2001). The FFE often has been found 

to be a less formal process compared to further NPD process (Koen et al., 2002). Although the FFE is 

often found to be less formal, it could benefit from higher levels of formality (Kock et al., 2015). An 

adequate degree of formality in the FFE reduces ambiguity and makes the process more predictable 

(Boeddrich, 2004; De Brentani, 2001; Khurana & Rosenthal, 1997, 1998), therefore this variable is used 

as a control variable in empirical analyses in this study.  

To measure process formalization for every phase in the FFE measures were adapted from Kock et al. 

(2015). Per phase three questions were asked (1-3). Four additional questions for opportunity analysis 

and idea selection are asked regarding evaluation (item 4-6) which are not applicable to the other three 

phases. 

 
Table 15 – Process formalization measures 

Item Measure 

 For *... 

1 … the responsibilities of the participants are clearly and formally described. 

2 … the standard operating procedures for processes are in place. 

3 
… standard operating procedures to coordinate activities of the participants (i.e., rules, guidelines, 

standard forms) are in place. 

4 We apply a predefined procedure for evaluating product/service [ideas/opportunities]. 

5 
We apply a predefined and comprehensive set of evaluation criteria for evaluating product/service 

[ideas/opportunities]. 

6 
We apply comprehensible evaluation tools for evaluating product/service [ideas/opportunities] (such 

as scoring models or check lists). 

7 
The decision-making process is transparent for all participants of the [idea generation/opportunity 

identification] phase. 

Question asked for all phases, * (OA, OI, IG, IS, CD). Measure 4-7 are used only for opportunity analysis and 

idea selection. For these phases text between brackets should be replaced to what is applicable for that stage.  
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3.4 Factor analysis  

For cross-functional collaboration, formalization, leaders’ openness to experience, shared project 

mission, and the FFE success measures multiple items were measured by the questionnaire. To test how 

well these measurement items represent the constructs, factor analysis is used. This is done to check the 

reliability of factors. Cronbach’s alpha is provided for constructs with 3 or more items and Spearman-

Brown coefficient for 2-item constructs (Eisinga, Grotenhuis, & Pelzer, 2013). Factor analyses are 

performed per block of questions in the questionnaire, resulting in factors for cross-functional 

collaboration, process formalization, innovativeness facets and for the FFE success factors. All factor 

analyses in this study are performed with Oblimin rotation. Factor analysis with an oblique (Oblimin) 

rotation allow correlation between different factors. Correlation between factors is likely in this study 

and therefore should be allowed in the factor structure (Field, 2009). I have interpreted the pattern 

matrixes, because the pattern matrixes contain information about the unique contribution of a variable 

to a factor (Field, 2009). The factors are described in the sections below (3.4.1 to 3.4.4) and factor 

matrixes with loadings are provided in Appendix B.  

3.4.1 Cross-functional collaboration and process formalization 

The cross-functional collaboration and process formalization measures from Kahn (1996) and Kock et 

al. (2015) are analyzed for each of the five phases of the FFE. Some items loaded high (>0.4) on more 

than one factor, these items were excluded one by one. This led to the exclusion of item 1 for cross-

functional collaboration and item 1 for formalization in opportunity identification. In the opportunity 

analysis phase this led to the exclusion of formalization item 1, 2, 3 and 7. For the idea selection phase 

this led to the exclusion of formalization item 7. As initiated, this factor analysis resulted in 2 factors 

per FFE phase with Cronbach’s alpha’s (or Spearman-Brown) of above the minimum value of 0.6 for 

Cronbach’s alpha, that prove internal consistency (Hair, Black, Babin, & Anderson, 2009).  

 
Table 16 – Factors for cross-functional collaboration and process formalization for all FFE phases 

FFE phase Factor 

Items 

included 

Cronbach’s 

Alpha 

Spearman-

Brown 

Opportunity identification 
Cross-functional collaboration (OI) 2, 3, 4, 5  .713  

Process Formalization (OI) 2, 3  .867 

Opportunity analysis 
Cross-functional collaboration (OA) 1, 2, 3, 4, 5 .817  

Process Formalization (OA) 4, 5, 6 .916  

Idea generation 
Cross-functional collaboration (IG) 1, 2, 3, 4, 5 .847  

Process Formalization (IG) 1, 2, 3 .904  

Idea selection 
Cross-functional collaboration (IS) 1, 2, 3, 4, 5 .817  

Process Formalization (IS) 1, 2, 3, 4, 5, 6 .918  

Concept development 
Cross-functional collaboration (CD) 1, 2, 3, 4, 5 .784  

Process Formalization (CD) 1, 2, 3 .909  

3.4.2 Shared project mission and leaders’ openness to experience   

From the leaders’ openness to experience measures (John & Srivastava, 1999) items 7, 8, 9 and 10 were 

excluded one by one, because they load high on more than one factor (>0.4). For shared project mission 

all original items from Schultz et al. (2013) are included in the factor. Cronbach’s Alpha statistics are 

tested and are above 0.6 (Table 17).  

 
Table 17 – Factors for leaders’ openness and shared project mission  

Factor Items included Cronbach’s Alpha 

Leaders’ openness to experience 1, 2, 3, 4, 5, 6 .807 

Shared project mission 1, 2, 3, 4 .882 

3.4.3 Innovativeness 

For innovativeness items 1 and 7 are excluded one by one, because they both load high (>0.4) on more 

than one factor. Item 21 is excluded, because it loaded on a factor on its own, probably because it is the 

only performance facet measure that is not related to money. Four factors are confirmed and are equal 
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to facets from Schultz et al. (2013). They are, market, performance, environment and technology facets. 

For internal facets two factors are found, one market factor with market related items and one operations 

factor with operations related factors. Cronbach’s Alpha or Spearman-Brown statistics are tested and 

are above 0.6, except for internal market facets. In this study with a small sample size not too many 

control variables should be included in the analysis, because it would lower the degrees of freedom 

(Labovitz, 1965). Therefore, innovativeness internal facets (market) is not included in the analysis of 

this study.  

 
Table 18 – Factors for FFE innovativeness  

Factor Items included Cronbach’s Alpha Spearman-Brown 

Innovativeness environment facets  3, 4, 5 .852  

Innovativeness internal facets (operations) 8, 9, 11 .812  

Innovativeness internal facets (market) 6, 10  .390 

Innovativeness market facets 12, 13, 14, 15, 16 .778  

Innovativeness performance facets  17, 18, 19, 20 .865  

Innovativeness technology facets 22, 23, 24 .781  

 

The two internal innovativeness factors could be explained as ‘market’ related and ‘operations’ related 

factor (Table 19). The 2-item market factor has measures related to marketing activities. The 3-item 

factor related to the operational part of the organization includes measures for production processes, 

supply chain and organizational culture. 

 
Table 19 – Innovativeness internal facets market and technology dimension 

Factor  Item 

In order to develop and introduce the new product/service that will result 

from the selected fuzzy front-end project, we had to significantly change ... 

Innovativeness internal 

facets (operations) 

8 ... our production processes 

9 ... our supply chain 

11 ... our organizational culture 

 
 

In order to develop and introduce the new product/service that will result 

from the selected fuzzy front-end project, we had to significantly change ... 

Innovativeness internal 

facets (market) 

6 ... our firm’s market strategy 

10 ... our market-related processes 

3.4.4 FFE success  

Measures for FFE effectiveness, efficiency and speed from Kock et al. (2015), resulted in 4 factors for 

FFE success. Item 8 and 3 are excluded one by one (because they both load high (>0.4) on more than 

one factor). The factors for FFE speed and efficiency have Spearman-Brown coefficients above 0.6 

(Hair et al., 2009), so these factors can be judged internal consistent.  

 
Table 20 – Factors for FFE success 

Name 

Items 

included Cronbach’s Alpha Spearman-Brown 

FFE effectiveness (quantity related) 1, 2  .535 

FFE effectiveness (quality related) 3, 4, 5 .497  

FFE efficiency 6, 7  .868 

FFE speed 9, 10  .750 

 

Two dimensions for effectiveness are discovered, one quality factor and one quantity factor (Table 21). 

Items 3, 4, 5 are ‘quality’ related, these items measure whether ideas will generate sales, increase sales 

and strengthen competitive positioning. While item 1, 2 are quantity related, with measures containing 

the words “many … ideas” and “sufficiently … ideas”. Both FFE effectiveness factors however have 

Spearman-Brown and Cronbach’s Alpha values below 0.6, what could be problematic. When one of 

the three items of the FFE effectiveness quality factor is deleted it results in a Spearman-Brown value 

below the original Cronbach’s Alpha value of 0.497, so the factors internal consistency will not improve 

from deleting an item. So when interpreting the results of this study the low internal consistency of the 

effectiveness quality and quantity factors should be kept in mind.  
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Table 21 – Effectiveness Quality and Quantity dimension 

Factor Item During the selected fuzzy front-end project ...  

Quality related 

effectiveness 

3 … ideas were generated that will strengthen our competitive positioning 

4 
… ideas were generated that will make us able to strongly increase our sales 

with new products within the next three years 

5    The recent fuzzy front-end project had a strong value generating potential 

  During the selected fuzzy front-end project ...  

Quantity related 

effectiveness 

1 … we generated many new product-ideas for further development 

2 
… we generated sufficiently "good" and/or "right" new product-ideas for 

further development 

3.4.5 Correlations of control variables 

Correlations between potential control variables and the independent variables of this study are 

inspected to check which control variables should be included. Variables tested for are formalization, 

projectization, project status, project duration, FFE team size, initiator involvement, level of 

development, company size, and the 6 facets of innovativeness. A full correlation table is available in 

Appendix C. The selected control variables to include are formalization, market-, performance- and 

technology-innovativeness and level of development. A correlation matrix of selected control variables 

is shown below (Table 22). In the hierarchical linear regression models in this study, these control 

variables are entered in model 1 and the variables of interest are entered in model 2. 

 
Table 22 – Correlation matrix with control variables 

  1 2 3 4 5 6 7 8 9 10 

1. FFE effectiveness quantity 1          

2. FFE effectiveness quality .210 1         

3. FFE efficiency .235* .269* 1        

4. FFE speed .151 .268* .386** 1       

5. Cross-functional 

collaboration in the FFE 
.085 .396** .568** .434** 1      

6. Formalization in the FFE -.066 .287* .194 .230 .371** 1     

Innovativeness:           

  7. market .201 .308** .113 -.046 .078 .122 1    

  8. performance .222* .342** .129 -.013 -.009 .178 .252* 1   

  9. technology .243* .234* .292** .087 .118 .265* .385** .295** 1  

10. Level of development .177 .345** .171 -.091 .048 .086 .380** .089 .292** 1 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 

3.5 Method 

The data is analyzed independently for each of the five phases of the FFE. The sample size of 82 is too 

small to perform a single regression analysis for all composed propositions. Because of the limited 

sample size in combination with a large number of variables, the empirical analysis is performed 

independently for each of the five FFE phases.  

For each FFE phase the data is analyzed in the same manner. For every phase, first a correlation matrix 

is provided with variables of interest. This is followed by a regression analysis with main effects and 

moderating and mediating effects. In this section the method that is used for these steps is described.  

3.5.1 Correlations  

Correlation matrixes are generated for the composed propositions (P1-P5) for each of the five FFE 

phases. In these correlation matrixes, the involvement of different functions, cross-functional 

collaboration and the FFE success factors are included. Cross-functional collaboration is included for 

the proposed propositions (P6-P10) that involve the interaction of the involvement of different 

functional areas and cross-functional collaboration, and for the direct effect of cross-functional 

collaboration (P11). 
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3.5.2 Main effects and moderation  

For each of the five phases a regression analysis is performed for each of the four FFE success measures. 

Hierarchical regression analysis is used. First only control variables are included and in the second 

model involvement of functions, cross-functional collaboration and their interaction are included. The 

interaction variables are calculated by multiplying the standardized values of the involvement per 

function with the level of cross-functional collaboration. Standardized values are used to calculate the 

interaction variables and to prevent multicollinearity (Field, 2009). For each phase, main effects and 

moderation of cross-functional collaboration is discussed individually.  

3.5.3 Mediation  

The second part of the research model of this thesis involves cross-functional collaboration in the 

different phases of the FFE as a mediator between the effect of shared project mission and leaders’ 

openness to experience on the FFE success measures.  

Mediation occurs when an independent variable affects the dependent variable through another variable, 

which is called the mediator. Baron & Kenny (1986) proposed four steps to determine full mediation, 

partial mediation or no mediation. In the following example X is the dependent variable, in the analysis 

in the next chapter this is leaders’ openness to experience or shared project mission. Y is the dependent 

variable and represents the four FFE success measures. M is the mediator and the example for cross-

functional collaboration in this example. The first step tests for a direct effect of independent variable 

(X) on dependent variable (Y), displayed as path c in Figure 7. This step is performed to indicate the 

significance of the effect that might be mediated.  

 

X Yc FFE success

Leader openness to 

experience / Shared 

project mission

 
Figure 7 – Direct effect (Baron & Kenny, 1986) 

 

The second step tests the relation of the independent variable (X) on the suggested mediator (M). This 

step treats the mediator (M) as an independent variable to test path a (Figure 8).  

X Y

M

a b

c 

Collaboration

FFE success

Leader openness to 

experience / Shared 

project mission

 
Figure 8 – Indirect effect (Baron & Kenny, 1986) 

 

The third step involves both the mediator (M) and the independent variable (X) in a regression equation 

with Y as the criterion variable. This step shows that the mediator (M) affects the outcome variable (Y), 

displayed as path b. The final step uses the same regression equation as step 3, but in step 4 path c’ is 

tested. If path c’ is zero and the three previous tests are met it can be concluded that the mediator (M) 

fully mediates the relation between X and Y.  In case the first three steps are met and step 4 not, partial 

mediation is occurring. The total effect of X on Y is a combination of the direct effect and the indirect 

effect (Figure 7 & Figure 8) and can be formulated with the following equation:  

𝑐 = 𝑐′ + 𝑎𝑏 
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4 Data analysis and results 
In this chapter the collected data are empirically analyzed separately for each of the five FFE phases. 

First the involvement of functions throughout the five phases of the FFE is described. Subsequently the 

empirical analysis for each FFE phase is described in four steps per phase. As described in the 

methodology chapter correlations are analyzed as a first step. Thereafter the main effects of the 

involvement of each of the functions in the regression analyses are described. As a third step the 

moderating effect of cross-functional collaboration on the direct effects of involvement is analyzed. As 

a final analysis of each phase, the mediation part of the research model is analyzed including cross-

functional collaboration as a mediator for leaders’ openness to experience and shared project mission. 

After analyzing the main, moderating and mediating effects an overview with significant findings is 

presented per phase.  

4.1 Involvement  

The average involvement of different functions in the FFE is shown below (Table 23 and Figure 9). It 

can be seen that the engineering function is on average highly (> 3) involved throughout the FFE. And 

despite literature advertising marketing involvement, the marketing function is only middling involved 

in the FFE. Manufacturing is on average between low and mediocre involved, but this involvement 

increases throughout the phases of the FFE.  

 
Table 23 – Descriptive statistics of involvement of functions in FFE phases  

Opportunity 

identification 

Opportunity 

analysis Idea generation Idea selection 

Concept 

development 

  

Mean 

Std. 

Deviation Mean 

Std. 

Deviation Mean 

Std. 

Deviation Mean 

Std. 

Deviation Mean 

Std. 

Deviation 

Design 2.10 1.596 1.93 1.630 2.36 1.616 2.38 1.608 2.49 1.643 

Engineering 3.09 1.314 3.20 1.090 3.32 1.117 3.22 1.207 3.51 .883 

Finance .93 1.088 1.03 1.262 .73 1.031 .96 1.205 .99 1.186 

Marketing 1.98 1.441 2.20 1.461 1.72 1.391 2.09 1.416 1.82 1.458 

Manufacturing 1.43 1.320 1.36 1.311 1.48 1.389 1.66 1.352 1.84 1.348 

Purchasing .75 1.049 .81 1.074 .75 1.067 .91 1.168 .94 1.228 

Sales 1.44 1.311 1.49 1.408 1.05 1.207 1.37 1.384 1.22 1.344 

 

The involvement of the design function is mediocre and also higher in later phases of the FFE. The 

average involvement of the finance and purchasing function in the FFE are between no involvement (0) 

and low involvement (1). Although the involvement of these two functions is measured, the measures 

are not included in further analysis in this study, because these functions are barely involved in the FFE 

projects included in the sample and no propositions are formulated for these functions.  

 

 
Figure 9 – Average involvement of functions in FFE phases 
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4.2 Opportunity identification 

In this section the data analysis is performed for the opportunity identification phase. First correlations 

of variables for opportunity identification are presented followed by the discussion of the regression 

analysis with moderating and mediating effects. 

4.2.1 Correlations  

As presented in Table 24 marketing function involvement in opportunity identification is positively 

related to the quality facets of FFE effectiveness (r = 0.332**). Manufacturing function involvement is 

positively related to FFE speed (r = 0.277*). Involvement of the manufacturing function is also 

positively related to the involvement of the design function (r = 0.268*). Sales function involvement is 

positively related to the quality facets of FFE effectiveness (r = 0.237*). Involvement of the sales 

function is also positively related to the involvement of the marketing function (r = 0.281*). Cross-

functional collaboration is positively significantly related to FFE speed, efficiency and the quality facets 

of effectiveness (r = 0.377**; r = 0.326**; r = 0.337**).  

 
Table 24 – Correlation matrix involvement of functions in opportunity identification 
    1 2 3 4 5 6 7 8 9 10 

1 FFE effectiveness quantity 1          
2 FFE effectiveness quality .210 1         
3 FFE efficiency .235* .269* 1        
4 FFE speed .151 .268* .386** 1       
5 Design function involvement in OI .127 .099 .172 .035 1      
6 Engineering function involvement in OI .155 .057 -.204 -.041 .153 1     
7 Marketing function involvement in OI -.108 .332** .103 .066 -.164 .068 1    
8 Manufacturing function involvement in OI .108 .120 .163 .277* .268* .168 .086 1   
9 Sales function involvement in OI .058 .237* -.035 .215 .045 .036 .281* .147 1  
10 Cross-functional collaboration in OI -.073 .337** .326** .377** .123 -.100 .042 -.051 -.005 1 

  OI opportunity identification *. Correlation is significant at the 0.05 level (2-tailed).  

**. Correlation is significant at the 0.01 level (2-tailed).  

4.2.2 Main effects 

Four regression analyses, one for every FFE success measure, are performed to test the proposition P1a 

to P11a in opportunity identification (Table 25). To test for multicollinearity variance inflation factors 

are tested and are all well below 4 (Miles & Shevlin, 2001), so multicollinearity does not seem to be a 

problem in this analysis. Propositions P1a and P5a proposed a positive effect of design and sales 

function involvement on FFE success. In the opportunity identification phase no significant effects of 

design and sales function involvement on one of the FFE success factors are found. So, for opportunity 

identification P1 and P5 are not supported. Proposition P2a proposed a positive relation between 

engineering function involvement and FFE success. In opportunity identification engineering function 

involvement on FFE efficiency has a negative effect (β = -0.295**). In opportunity identification 

engineering function involvement has no significant effects on FFE speed and effectiveness. So, for 

opportunity identification P2a is not supported. Proposition P3a proposed a positive relation between 

marketing function involvement and FFE success. In opportunity identification marketing function 

involvement has a positive effect on FFE effectiveness (quality) (β = 0.223*). On speed and efficiency 

no significant effects of marketing function involvement in the opportunity identification phase are 

found. So, for opportunity identification P3a is supported. Proposition P4a proposed a positive relation 

between manufacturing function involvement and FFE success. Manufacturing function involvement 

in opportunity identification has a positive effect on speed in the FFE (β = 0.249*). For manufacturing 

function involvement in opportunity identification no significant effects on FFE efficiency and 

effectiveness are found. So, for opportunity identification P4a is supported. P6a to P10a proposed a 

positive interaction effect of cross-functional collaboration on the relation of design, engineering, 

marketing, manufacturing and sales function involvement on FFE success. For manufacturing function 

involvement, this interaction has a negative significant effect on FFE speed (β = -0.282*). For sales 

function involvement, this interaction has a negative significant effect on FFE efficiency (β = -0.244*). 

These two significant moderation effects are further explained in the next section (4.2.3). For design, 

engineering, marketing and manufacturing function involvement no significant interaction effects are 
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found, so for opportunity identification P6a to P10a are not supported. P11a proposed a direct positive 

effect of cross-functional collaboration on FFE success. In the regression analysis cross-functional 

collaboration has a strong positive effect on FFE speed (β = 0.534**), efficiency (β = 0.291*) and 

effectiveness (quality) (β = 0.323**). So, for opportunity identification P11a is supported.  

 
Table 25 – Regression results involvement and cross-functional collaboration in OI  

FFE speed FFE efficiency 

FFE effectiveness 

(quality) 

FFE effectiveness 

(quantity)  
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2  
B Sig. B Sig. B Sig. B Sig. B Sig. B Sig. B Sig. B Sig. 

Control variables                 
  Innovativeness:                 
    market -.052 .693 -.120 .309 -.067 .595 -.098 .425 .088 .456 .130 .264 .085 .502 .005 .970 

    performance -.050 .676 -.095 .419 .014 .903 .111 .360 .244 .026 .182 .116 .192 .102 .141 .299 

    technology  .099 .442 .251 .035 .227 .070 .292 .019 .000 .997 .056 .623 .159 .203 .246 .072 

  Formalization in OI .231 .051 .054 .627 .219 .054 .046 .688 .158 .134 -.018 .865 -.192 .093 -.189 .143 

  Level of development -.120 .340 -.128 .274 .122 .316 .129 .287 .298 .010 .180 .118 .093 .444 .161 .234 

Independent variables                 
  Involvement in OI:                 
    Design function   -.068 .530   .130 .251   .081 .448   .107 .395 

    Engineering function   -.007 .942   -.295 .007   -.036 .724   .061 .608 

    Marketing function   .020 .857   .092 .431   .223 .046   -.203 .123 

    Manufacturing function   .249 .026   .200 .083   .121 .261   .066 .605 

    Sales function   .205 .058   -.107 .335   .082 .432   .057 .646 

  Cross-functional collaboration in OI  .534 .000   .291 .017   .323 .006   .017 .901 

Interactions (CF=Cross-functional)               
  Design x CF collaboration .009 .936   -.010 .929   -.157 .148   .051 .689 

  Engineering x CF collaboration -.029 .790   .035 .753   .109 .305   .018 .883 

  Marketing x CF collaboration .185 .157   .111 .413   -.030 .814   .211 .164 

  Manufacturing x CF collaboration -.282 .020   -.056 .650   -.152 .192   .022 .874 

  Sales x CF collaboration -.090 .429   -.244 .041   .036 .743   -.031 .810 

ΔF 1.195 .320 3.542 .001 2.464 .040 2.245 .022 5.128 .000 2.021 .041 2.314 .052 .750 .687 

Adjusted R2 .012  .283  .085  .228  .207  .312  .077  .041  
ΔR2 .075  .354  .143  .241  .257  .194  .135  .100  

4.2.3 Moderation 

To interpret the negative interaction effect of the manufacturing function and cross-functional 

collaboration in opportunity identification it is visually represented below (Figure 10). The positive 

effect of involvement of the manufacturing function is larger when cross-functional collaboration is at 

a low level. However due to the positive direct effect of cross-functional collaboration on FFE speed 

the line of high cross-functional collaboration is higher (positive) for both high and low manufacturing 

function involvement. For high levels of cross-functional collaboration, the significant effect of the 

involvement of the manufacturing function becomes small, this is shown by the flat line of high cross-

functional collaboration. Although for low levels of cross-functional collaboration the involvement of 

the manufacturing function has a larger positive effect. To improve FFE speed the best scenario is a 

high level of cross-functional collaboration, with either high or low manufacturing function 

involvement. The worst scenario for FFE speed is both low levels of cross-functional collaboration and 

low manufacturing function involvement.  

 

 
Figure 10 – Moderation of cross-functional collaboration on manufacturing involvement effect (OI) 
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To interpret the negative interaction effect of the sales function and cross-functional collaboration in 

opportunity identification it is visually represented in Figure 11. When cross-functional collaboration 

is at a high level, involvement of the sales function has a negative effect on FFE efficiency. However, 

when cross-functional collaboration is at a low level the involvement of the sales function has a small 

positive effect on FFE efficiency. For FFE efficiency the best scenario is high cross-functional 

collaboration in combination with low levels of sales function involvement. The worst scenario is low 

cross-functional collaboration in combination with low levels of sales function involvement.  

 

 
Figure 11 – Moderation of cross-functional collaboration on sales involvement effect (OI) 

4.2.4 Mediation 

Three regressions are performed in order to test for mediation (Baron & Kenny, 1986) through cross-

functional collaboration in opportunity identification on FFE efficiency (Table 26). In step 1 regressions 

with FFE speed and effectiveness no effect of leaders’ openness to experience and shared project 

mission was found, so step 1 was not met. The mediation analysis is only continued for FFE efficiency, 

for which step 1 is met. Both leaders’ openness to experience and having a shared project mission have 

a significant effect on FFE efficiency (step 1) and on cross-functional collaboration in opportunity 

identification (step 2). Cross-functional collaboration however has no significant effect on FFE 

efficiency when it is added to the regression in step 3. Therefore, it can be concluded that leaders’ 

openness to experience and shared project mission have a direct effect on FFE efficiency and no indirect 

significant effect through cross-functional collaboration in the opportunity identification. The fact that 

leaders’ openness to experience and shared project mission make the effect of cross-functional 

collaboration in opportunity identification insignificant does not change the conclusion on P11a, 

because cross-functional collaboration still has a positive direct effect on FFE speed and effectiveness. 

 
Table 26 – Test for mediation through cross-functional collaboration in opportunity identification 

 
Step 1: FFE efficiency 

Step 2: Cross-functional 

collaboration in OI Step 3&4: FFE efficiency 
 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 
 B Sig. B Sig. B Sig. B Sig. B Sig. B Sig. 

Control variables             
Innovativeness:             

market -.067 .595 -.156 .134 .041 .752 -.029 .804 -.067 .595 -.156 .138 

performance .014 .903 .022 .811 -.112 .348 -.107 .321 .014 .903 .024 .798 

technology  .227 .070 .152 .136 -.019 .881 -.079 .498 .227 .070 .154 .136 

Formalization in OI .219 .054 .045 .637 .288 .015 .149 .176 .219 .054 .042 .663 

Level of development .122 .316 .180 .070 .030 .810 .077 .499 .122 .316 .179 .075 

Independent variables             
Leaders’ openness to experience  .331 .001   .243 .024   .326 .001 

Shared project mission   .416 .000   .345 .003   .410 .000 

Cross-functional collaboration in OI         .017 .866 

ΔF 2.464 .040 20.385 .000 1.400 .234 9.655 .000 2.464 .040 13.416 .000 

Adjusted R2 .085  .399  .025  .210  .085  .391  
ΔR2 .143  .310  .086  .193  .143  .310  
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4.2.5 Main findings for opportunity identification 

In this section a recap of the empirical analysis of the opportunity identification phase is provided. In 

the empirical analysis of the opportunity identification phase the direct effects of involvement and 

moderating effects of cross-functional collaboration are analyzed. Furthermore, cross-functional 

collaboration is analyzed as a mediator of shared project mission and leaders’ openness to experience. 

Significant findings in the opportunity phase are displayed below (Figure 12). 

Involvement of the engineering function has a negative effect on efficiency in the FFE in opportunity 

identification. Involvement of the manufacturing and marketing function however have a positive effect 

on FFE success. Manufacturing function involvement benefits the FFE by improving speed and 

marketing function involvement by improving the quality aspects of FFE effectiveness. In opportunity 

identification cross-functional collaboration is negatively influencing the effects of involvement of the 

sales and manufacturing function on FFE speed. The direct effect of cross-functional collaboration 

however, has a positive effect on FFE efficiency, speed and the quality facets of effectiveness.  

Leaders’ openness to experience and the presence of a shared project mission turned out to have a 

positive direct effect on FFE efficiency that is not mediated by cross-functional collaboration.  
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Figure 12 – Overview of significant effects in opportunity identification phase 

 

This overview concludes the analysis of the opportunity identification phase, in the succeeding section 

the data analysis for the opportunity analysis phase will be addressed.  
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4.3 Opportunity analysis  

In this section the data analysis is performed for the opportunity analysis phase. First correlations of 

variables for opportunity analysis are presented followed by the discussion of the regression analysis 

with moderating and mediating effects. 

4.3.1 Correlations  

As presented in Table 27 marketing function involvement in opportunity analysis is positively related 

to the quality facets of FFE effectiveness (r = 0.234*). Involvement of the marketing function is also 

positively related to the involvement of the engineering function (r = 0.297**). Manufacturing function 

involvement is positively related to FFE speed (r = 0.266*). Involvement of the manufacturing function 

is also positively related to the involvement of both the design and the engineering function (r = 0.336*). 

Cross-functional collaboration is positively significantly related to FFE speed, efficiency and the quality 

facets of effectiveness (r = 0.417**; r = 0.477**; r = 0.336**). 

 
Table 27 – Correlation matrix involvement of functions in opportunity analysis 
    1 2 3 4 5 6 7 8 9 10 

1 FFE effectiveness quantity 1 
         

2 FFE effectiveness quality .210 1 
        

3 FFE efficiency .235* .269* 1 
       

4 FFE speed .151 .268* .386** 1 
      

5 Design function involvement in OA .023 .028 .056 -.077 1 
     

6 Engineering function involvement in OA -.005 .109 -.174 -.044 .152 1 
    

7 Marketing function involvement in OA -.149 .234* .116 .043 -.125 .297** 1 
   

8 Manufacturing function involvement in OA .074 .045 .177 .266* .239* .336** .117 1 
  

9 Sales function involvement in OA -.022 .124 -.033 .175 -.086 .093 .175 .093 1 
 

10 Cross-functional collaboration in OA -.013 .326** .477** .417** .205 .099 .139 .151 -.123 1 

  OA opportunity analysis*. Correlation is significant at the 0.05 level (2-tailed).  

**. Correlation is significant at the 0.01 level (2-tailed).  

4.3.2 Main effects 

Four regression analyses, one for every FFE success measure, are performed to test the proposition P1b 

to P11b in opportunity analysis (Table 28). To test for multicollinearity variance inflation factors are 

tested and are all well below 4 (Miles & Shevlin, 2001), so multicollinearity does not seem to be a 

problem in this analysis. Proposition 1 proposed a positive relation between design function 

involvement and FFE success. In the opportunity analysis phase no significant effects of design function 

involvement on one of the FFE success factors are found. So, for opportunity analysis P1b is not 

supported. Proposition P2b proposed a positive relation between engineering function involvement and 

FFE success. In opportunity analysis engineering function involvement on FFE efficiency has a 

negative effect (β = -0.293*). In opportunity analysis engineering function involvement has no 

significant effects on FFE speed and effectiveness. So, for opportunity analysis P2b is not supported 

either.  

Proposition P3b proposed a positive relation between marketing function involvement and FFE success. 

In opportunity analysis, no significant effects of marketing function involvement on any of the FFE 

success measures are found. So, for opportunity identification P3b not supported.  

Proposition P4b proposed a positive relation between manufacturing function involvement and FFE 

success. For manufacturing function involvement in opportunity identification no significant effect on 

effectiveness is found. Manufacturing function involvement in opportunity identification has a positive 

effect on both speed and efficiency in the FFE (β = 0.342**; β = 0.269*). So, for opportunity 

identification P4b is supported. Proposition P5b proposed a positive relation between sales function 

involvement and FFE success. On FFE speed a positive significant effect is found (β = 0.238*). For the 

involvement of the sales function in opportunity analysis no significant effect on efficiency and 

effectiveness is found. So, for opportunity identification P5b is supported. P6b to P10b proposed a 

positive interaction effect of cross-functional collaboration on the relation of the design, engineering, 

marketing, manufacturing and sales function involvement on FFE success. For manufacturing and sales 

function involvement this interaction has a negative significant effect on FFE speed (β = -0.324**; β = 

-0.320*). These two significant moderation effects are further explained in the next section (4.3.34.6.3). 
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For design, engineering, marketing and manufacturing function involvement no significant interaction 

effects are found, so for opportunity analysis P6b to P10b are not supported. P11b proposed a direct 

positive effect of cross-functional collaboration on FFE success. In the regression analysis cross-

functional collaboration has a strong positive effect on FFE speed (β = 0.485**), efficiency (β = 

0.490**) and effectiveness (quality) (β = 0.329**). So, for opportunity analysis P11b is supported.  

 
Table 28 – Regression results involvement and cross-functional collaboration in OA  

FFE speed FFE efficiency 

FFE effectiveness 

(quality) 

FFE effectiveness 

(quantity)  
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2  
B Sig. B Sig. B Sig. B Sig. B Sig. B Sig. B Sig. B Sig. 

Control variables                 
  Innovativeness:                 
    market -.014 .915 -.198 .115 -.032 .806 -.099 .419 .057 .633 .032 .806 .104 .409 .102 .457 

    performance -.057 .650 .021 .864 -.013 .912 .134 .266 .243 .030 .244 .063 .177 .129 .241 .076 

    technology  .066 .634 .147 .241 .274 .044 .280 .026 -.036 .765 -.008 .953 .289 .027 .330 .019 
  Formalization in OA .244 .059 .034 .791 .127 .306 -.117 .360 .231 .043 .070 .610 -.280 .021 -.293 .044 
  Level of development -.059 .660 -.037 .770 .104 .420 .092 .465 .361 .003 .342 .013 .031 .801 .034 .806 

Independent variables                 

  Involvement in  OA:                 

    Design function 
  

-.219 .063   .031 .786   .018 .882   .111 .387 

    Engineering function 
  

-.098 .393   -.293 .011   .021 .864   .013 .918 

    Marketing function 
  

-.045 .703   .089 .443   .027 .830   -.160 .221 

    Manufacturing function 
  

.342 .003   .269 .018   .066 .580   .137 .273 

    Sales function 
  

.238 .047   .005 .965   .056 .657   -.052 .687 

  Cross functional collaboration in OA .485 .000   .490 .000   .329 .012   .101 .445 

Interactions (CF=Cross-functional)               

  Design x CF collaboration 
  

.090 .475   -.029 .812   -.090 .501   .116 .401 

  Engineering x CF collaboration 
 

.050 .707   .178 .177   .177 .211   -.033 .823 

  Marketing x CF collaboration 
  

-.014 .907   -.117 .323   -.036 .776   .252 .060 

  Manufacturing x CF collaboration 
 

-.324 .008   .003 .980   -.157 .218   -.016 .904 

  Sales x CF collaboration 
  

-.230 .042   -.148 .179   -.014 .905   -.090 .461 

ΔF 1.083 .377 3.754 .000 .127 .088 .348 .001 5.325 .000 .968 .485 1.175 .008 1.175 .325 

Adjusted R2 .006  .309  .064  .330  .278  .390  .139  .163  
ΔR2 .073   .386   .127   .348   .278   .112   .197   .146   

4.3.3 Moderation 

 
Figure 13 – Moderation of cross-functional collaboration on manufacturing involvement effect (OA) 

 

To interpret the negative interaction effect of the manufacturing and sales function and cross-functional 

collaboration in opportunity analysis it is visually represented in Figure 13 (for manufacturing) and in 

Figure 14 (for sales). The interaction of cross-functional collaboration on sales and marketing function 

involvement are similar. The positive effect of involvement of the manufacturing and sales function is 

larger when cross-functional collaboration is at a low level. However due to the positive direct effect of 

cross-functional collaboration on FFE speed the line of high cross-functional collaboration is higher 

(positive) for both high and low manufacturing and sales function involvement. For high levels of cross-

functional collaboration, the significant effect of the involvement of the manufacturing and sales 

function becomes small, this is shown by the flat line of high cross-functional collaboration. Although 
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for low levels of cross-functional collaboration the involvement of the manufacturing and sales function 

have a larger positive effect.  

 

 
Figure 14 – Moderation of cross-functional collaboration on sales involvement effect (OA) 

4.3.4 Mediation 

Three regressions are performed in order to test for mediation (Baron & Kenny, 1986) through cross-

functional collaboration in opportunity analysis (Table 29). In step 1 regressions with FFE speed and 

effectiveness no effect of leaders’ openness and shared project mission was found, so the criteria for 

step 1 are not met. Therefore, mediation analysis is only continued for FFE efficiency, for which step 1 

is met. Both leaders’ openness to experience and having a shared project mission have a significant 

effect on FFE efficiency (step 1) and on cross-functional collaboration in opportunity analysis (step 2). 

When cross-functional collaboration is added to the regression all three variables are significant, but 

the effects of leaders’ openness to experience and shared project mission are reduced. From this, it can 

be concluded that the effects of both leaders’ openness to experience and shared project mission on FFE 

efficiency are partially mediated by cross-functional collaboration in opportunity analysis.   

 
Table 29 – Test for mediation through cross-functional collaboration in opportunity analysis   

 
Step 1: FFE efficiency 

Step 2: Cross-functional 

collaboration in OA Step 3&4: FFE efficiency 
 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 
 B Sig. B Sig. B Sig. B Sig. B Sig. B Sig. 

Control variables             
Innovativeness:             

market -.032 .806 -.175 .098 .057 .656 -.043 .714 -.032 .806 -.165 .109 

performance -.013 .912 -.024 .803 -.175 .138 -.183 .088 -.013 .912 .019 .840 

technology  .274 .044 .201 .060 -.001 .997 -.051 .665 .274 .044 .213 .041 

Formalization in OA .127 .306 .018 .854 .424 .001 .348 .002 .127 .306 -.063 .538 

Level of development .104 .420 .174 .091 .041 .742 .089 .433 .104 .420 .153 .127 

Independent variables             
Leaders’ openness to experience  .341 .001   .232 .030   .287 .003 

Shared project mission   .437 .000   .309 .007   .365 .001 

Cross-functional collaboration in OA         .234 .031 

ΔF 2.010 .088 22.597 .000 2.993 .017 8.736 .000 2.010 .088 17.547 .000 

Adjusted R2 .064  .424  .119  .280  .064  .456  
ΔR2 .127   .352   .178   .170   .127   .387   
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4.3.5 Main findings opportunity analysis  

In this section a recap of the empirical analysis of the opportunity analysis phase is provided. In the 

empirical analysis of the opportunity analysis phase the direct effects of involvement and moderating 

effects of cross-functional collaboration are analyzed. Furthermore, cross-functional collaboration is 

analyzed as a mediator of shared project mission and leaders’ openness to experience. Significant 

findings in the opportunity phase are displayed in Figure 15 below. 

Similar to the previous phase, opportunity identification, engineering function involvement in 

opportunity analysis has a negative effect on efficiency in the FFE. Involvement of the sales and 

manufacturing function however has a positive effect on FFE success. Manufacturing function 

involvement benefits the FFE by improving its speed and efficiency and sales involvement by 

improving FFE speed. In opportunity analysis cross-functional collaboration is negatively influencing 

the effects of involvement of the sales and manufacturing function on FFE speed. The direct effect of 

cross-functional collaboration however, has a positive effect on FFE efficiency, speed and the quality 

facets of effectiveness.  

Leaders’ openness to experience and the presence of a shared project mission turned out to have a 

positive effect on FFE efficiency that is partially mediated by cross-functional collaboration.  
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Figure 15 – Overview of significant effects in opportunity analysis phase 

 

This overview concludes the analysis of the opportunity analysis phase, in the succeeding section the 

data analysis for the idea generation phase will be addressed.  
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4.4 Idea generation 

In this section the data analysis is performed for the idea generation phase. First correlations of variables 

for idea generation are presented followed by the discussion of the regression analysis with mediating 

effects. 

4.4.1 Correlations  

As presented in Table 30 involvement of the engineering function in idea generation has a negative 

relation with FFE efficiency (r = -0.292*). The involvement of the engineering function is positively 

related to involvement of the marketing function (r = 0.241). Involvement of the manufacturing and 

sales function are positively correlated (r = 0.404**). Cross-functional collaboration is positively 

significantly related to FFE speed, efficiency and the quality facets of effectiveness (r = 0.325**; 

r=0.583**; r = 0.411**). 

 
Table 30 – Correlation matrix involvement of functions in idea generation 
    1 2 3 4 5 6 7 8 9 10 

1 FFE effectiveness quantity 1 
         

2 FFE effectiveness quality .210 1 
        

3 FFE efficiency .235* .269* 1 
       

4 FFE speed .151 .268* .386** 1 
      

5 Design function involvement in IG -.007 .089 .043 .014 1 
     

6 Engineering function involvement in IG -.104 .111 -.292* .059 .145 1 
    

7 Marketing function involvement in IG -.010 .195 -.006 .001 .039 .241* 1 
   

8 Manufacturing function involvement in IG .138 .157 .003 .194 .018 .178 .022 1 
  

9 Sales function involvement in IG .125 .076 .001 .173 .011 .027 .226 .404** 1 
 

10 Cross-functional collaboration in IG .163 .325** .583** .411** .057 -.143 .096 .032 .025 1 

  IG idea generation *. Correlation is significant at the 0.05 level (2-tailed).  

**. Correlation is significant at the 0.01 level (2-tailed).  

 

4.4.2 Main effects 

Four regression analyses, one for every FFE success measure, are performed to test the proposition P1c 

to P11c in idea generation (Table 31). To test for multicollinearity variance inflation factors are tested 

and are all well below 4 (Miles & Shevlin, 2001), so multicollinearity does not seem to be a problem in 

this analysis.  

Proposition P1c, P3c, P4c and P5c proposed a positive effect of design, marketing, manufacturing and 

sales function involvement on FFE success. In the idea generation phase no significant effects of design, 

marketing, manufacturing and sales function involvement on one of the FFE success factors are found. 

So, for idea generation P1c, P3c, P4c and P5c are not supported.  

Proposition P2c proposed a positive relation between engineering function involvement and FFE 

success. In idea generation engineering function involvement has a negative effect on FFE efficiency 

(β = -0.243*). In opportunity analysis engineering function involvement has no significant effects on 

FFE speed and effectiveness. So, for idea generation P2c is not supported too.  

P6c to P10c proposed a positive interaction effect of cross-functional collaboration on the relation of 

design, engineering, marketing, manufacturing and sales function involvement on FFE success. For the 

idea generation phase no significant moderation effects of cross-functional collaboration are found. So, 

for idea generation P6c to P10c are not supported.  

P11c proposed a direct positive effect of cross-functional collaboration on FFE success. In the 

regression analysis cross-functional collaboration has a strong positive effect on FFE speed (β = 

0.378**), efficiency (β = 0.539**) and effectiveness (quality) (β = 0.333**). So, for idea generation 

P11c is supported.  
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Table 31 – Regression results involvement and cross-functional collaboration in IG  

FFE speed FFE efficiency 

FFE effectiveness 

(quality) 

FFE effectiveness 

(quantity)  
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2  
B Sig. B Sig. B Sig. B Sig. B Sig. B Sig. B Sig. B Sig. 

Control variables                 
  Innovativeness:                 
    market -.036 .790 -.029 .823 -.011 .932 .023 .845 .166 .168 .187 .126 .107 .411 .007 .956 

    performance -.084 .507 -.005 .969 -.030 .807 .087 .484 .215 .061 .246 .062 .141 .253 .166 .250 

    technology  .086 .522 .055 .685 .242 .066 .229 .062 .010 .934 .036 .778 .213 .102 .335 .019 
  Formalization in IG .238 .054 .161 .199 .191 .109 -.020 .856 .143 .192 -.002 .987 -.079 .502 -.206 .110 

  Level of development -.105 .411 -.068 .586 .087 .481 .013 .906 .275 .018 .267 .025 .073 .553 .127 .323 

Independent variables                 

  Involvement in  IG:                 

    Design function 
  

-.013 .909   .058 .571   .119 .265   .066 .574 

    Engineering function 
  

.048 .722   -.243 .044   .133 .286   .033 .810 

    Marketing function 
  

-.121 .336   -.063 .575   .095 .415   -.021 .868 

    Manufacturing function 
  

.035 .796   .088 .462   .206 .104   .237 .090 

    Sales function 
  

.112 .454   -.051 .699   -.044 .750   .083 .589 

  Cross-functional collaboration in IG .378 .008   .539 .000   .333 .012   .240 .095 

Interactions (CF=Cross-functional)               

  Design x CF collaboration 
  

.168 .203   -.117 .319   -.068 .574   .054 .687 

  Engineering x CF collaboration .198 .194   .026 .848   -.046 .745   -.211 .175 

  Marketing x CF collaboration 
  

.054 .688   .091 .448   .001 .993   -.003 .983 

  Manufacturing x CF collaboration -.040 .808   .044 .764   -.056 .710   -.312 .066 

  Sales x CF collaboration 
  

.037 .821   -.007 .961   .046 .766   .024 .889 

ΔF 1.051 .395 2.136 .031 1.959 .096 3.577 .001 4.794 .001 1.621 .117 2.144 .070 1.333 .230 

Adjusted R2 .003  .156  .061  .334  .204  .276  .072  .118  
ΔR2 .268   .268   .124   .354   .258   .175   .134   .175   

4.4.3 Mediation 

Three regressions are performed in order to test for mediation (Baron & Kenny, 1986) through cross-

functional collaboration in idea generation (Table 32). In step 1 regressions with FFE speed and 

effectiveness no effect of leaders’ openness and shared project mission was found, so the criteria for 

step 1 are not met. Therefore, mediation analysis is only continued for FFE efficiency, for which step 1 

is met. Both leaders’ openness to experience and having a shared project mission have a significant 

effect on FFE efficiency (step 1).  

 
Table 32 – Test for mediation through cross-functional collaboration in idea generation  

 
Step 1: FFE efficiency 

Step 2: Cross-functional 

collaboration in IG Step 3&4: FFE efficiency 
 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 
 B Sig. B Sig. B Sig. B Sig. B Sig. B Sig. 

Control variables             
Innovativeness:             

market -.011 .932 -.142 .176 -.057 .664 -.160 .166 -.011 .932 -.087 .378 

performance -.030 .807 -.032 .741 -.183 .141 -.191 .077 -.030 .807 .033 .721 

technology  .242 .066 .164 .114 .062 .633 -.008 .944 .242 .066 .167 .086 

Formalization in IG .191 .109 .110 .242 .324 .008 .253 .017 .191 .109 .024 .793 

Level of development .087 .481 .157 .111 .079 .522 .136 .210 .087 .481 .111 .233 

Independent variables             
Leaders’ openness to experience  .331 .001   .183 .079   .269 .004 

Shared project mission   .441 .000   .436 .000   .292 .005 

Cross-functional collaboration in IG         .342 .002 

ΔF 1.959 .096 22.206 .000 1.895 .106 12.635 .000 1.959 .096 20.609 .000 

Adjusted R2 .061  .418  .057  .295  .061  .493  
ΔR2 .124   .349   .121   .241   .124   .424   

 

Leaders’ openness has no significant effect on cross-functional collaboration in idea generation, but 

shared project mission does have a significant effect (step 2). When cross-functional collaboration is 

added to the regression all three variables are significant, but the effects of leaders’ openness to 

experience and shared project mission are reduced. It can be concluded that shared project mission has 
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a partial mediated effect on FFE efficiency by cross-functional collaboration in idea selection. Cross-

functional collaboration in idea selection however has no mediating effect for leaders’ openness to 

experience, because step 2 is not met. 

4.4.4 Main findings for idea generation 

In this section a recap of the empirical analysis of the idea generation phase is provided. In the empirical 

analysis of the idea generation selection the direct effects of involvement and moderating effects of 

cross-functional collaboration are analyzed. Furthermore, cross-functional collaboration is analyzed as 

a mediator of shared project mission and leaders’ openness to experience. Significant findings in the 

idea generation phase are displayed in Figure 16.  

Similar to both opportunity phases, engineering function involvement in idea generation has a negative 

effect on efficiency in the FFE. Yet, involvement of the other functions turned out to have no significant 

effect on any of the FFE success measures during idea generation. Leaders’ openness to experience 

turned out to have a direct effect on FFE efficiency that is not mediated by cross-functional 

collaboration. The effect of shared project mission is partially mediated by cross-functional 

collaboration.  
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Figure 16 – Overview of significant effects in idea generation phase 

 

This overview concludes the analysis of the idea generation phase, in the succeeding section the data 

analysis for the idea selection phase will be addressed.  
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4.5 Idea selection 

In this section the data analysis is performed for the idea selection phase. First correlations of variables 

for idea selection are presented followed by the discussion of the regression analysis with mediating 

effects. 

4.5.1 Correlations 

As presented in Table 33 involvement of the engineering function in idea selection has a negative 

relation with FFE efficiency (r = -0.261*). Involvement of the engineering function and the design 

function are correlated with each other (r = 0.237*). Involvement of the manufacturing function is 

positively related to FFE speed (r = 0.240*) and design function involvement (r = 0.226*). Involvement 

of the sales function is positively related to FFE speed (r = 0.226*), involvement of both the marketing 

function (r = 0.255*) and the manufacturing function (r = 0.439**). Cross-functional collaboration is 

positively significantly related to FFE speed, efficiency and the quality facets of effectiveness (r = 

0.374**; r = 0.549**; r = 0.311**). 

 
Table 33 – Correlation matrix involvement of functions in idea selection 
    1 2 3 4 5 6 7 8 9 10 

1 FFE effectiveness quantity 1 
         

2 FFE effectiveness quality .210 1 
        

3 FFE efficiency .235* .269* 1 
       

4 FFE speed .151 .268* .386** 1 
      

5 Design function involvement in IS .068 .076 .125 -.002 1 
     

6 Engineering function involvement in IS -.017 .023 -.261* .000 .237* 1 
    

7 Marketing function involvement in IS -.101 .199 -.027 .069 .043 .144 1 
   

8 Manufacturing function involvement in IS .179 .078 .087 .240* .226* .186 .086 1 
  

9 Sales function involvement in IS -.001 .192 .015 .226* -.028 .046 .255* .439** 1 
 

10 Cross-functional collaboration in IS .029 .311** .549** .374** .115 -.101 .036 .008 .040 1 

  IS idea selection *. Correlation is significant at the 0.05 level (2-tailed).  

**. Correlation is significant at the 0.01 level (2-tailed).  
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4.5.2 Main effects 

Four regression analyses, one for every FFE success measure, are performed to test the proposition P1d 

to P11d in idea selection (Table 34). To test for multicollinearity variance inflation factors are tested 

and are all well below 4 (Miles & Shevlin, 2001), so multicollinearity does not seem to be a problem in 

this analysis.  

Proposition P1d, P3d, P4d and P5d proposed a positive relation between design, marketing, 

manufacturing and sales function involvement and FFE success. In the idea selection phase, no 

significant effects of design, marketing, manufacturing and sales function involvement on one of the 

FFE success factors are found. So, for opportunity analysis P1d, P3d, P4d and P5d are not supported.  

Proposition P2d proposed a positive relation between engineering function involvement and FFE 

success. In idea selection engineering function involvement on FFE efficiency has a negative effect (β 

= -0.273*). In idea selection engineering function involvement has no significant effects on FFE speed 

and effectiveness. So, for idea selection P2d is not supported either.  

P6d to P10d proposed a positive interaction effect of cross-functional collaboration on the relation of 

design, engineering, marketing, manufacturing and sales function involvement on FFE success. For the 

idea selection phase, no significant moderation effects of cross-functional collaboration are found. So, 

for idea selection P6d to P10d are not supported.  

P11d proposed a direct positive effect of cross-functional collaboration on FFE success. In the 

regression analysis cross-functional collaboration has a strong positive effect on FFE speed (β = 

0.348*), efficiency (β = 0.512**) and effectiveness (quality) (β = 0.350**). So, for idea selection P11d 

is supported.  

 
Table 34 – Regression results involvement and cross-functional collaboration in IS  

FFE speed FFE efficiency 

FFE effectiveness 

(quality) 

FFE effectiveness 

(quantity)  
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2  
B Sig. B Sig. B Sig. B Sig. B Sig. B Sig. B Sig. B Sig. 

Control variables                 
  Innovativeness:                 
    market -.055 .681 -.114 .380 -.027 .834 -.057 .603 .133 .254 .068 .564 .083 .508 .028 .833 

    performance -.052 .682 -.062 .628 .042 .726 .093 .397 .252 .023 .227 .059 .132 .263 .170 .200 

    technology  .111 .422 .104 .458 .218 .105 .214 .076 -.007 .956 .017 .896 .250 .055 .315 .031 
  Formalization in IS .130 .297 -.007 .956 .105 .377 -.128 .258 .146 .175 -.063 .607 -.226 .053 -.276 .045 
  Level of development -.074 .566 -.107 .388 .154 .215 .050 .638 .334 .003 .369 .002 .087 .466 .119 .346 

Independent variables                 

  Involvement in  IS:                 

    Design function 
  

-.109 .380   .123 .245   .121 .286   .173 .173 

    Engineering function 
  

-.084 .518   -.273 .016   .091 .448   -.118 .374 

    Marketing function 
  

-.014 .914   .017 .877   .161 .170   -.149 .250 

    Manufacturing function 
  

.168 .194   .122 .265   .014 .904   .198 .134 

    Sales function 
  

.146 .317   -.012 .920   .137 .307   -.040 .790 

  Cross functional collaboration in IS .348 .010   .512 .000   .350 .005   .096 .472 

Interactions (CF=Cross-functional)               

  Design x CF collaboration 
  

.115 .345   .032 .754   -.082 .464   .021 .867 

  Engineering x CF collaboration .266 .058   -.021 .858   -.242 .059   -.119 .398 

  Marketing x CF collaboration 
  

.048 .716   .207 .070   .063 .602   .294 .033 
  Manufacturing x CF collaboration -.074 .572   -.104 .353   -.123 .308   .008 .954 

  Sales x CF collaboration 
  

-.112 .429   -.189 .117   .144 .268   .086 .552 

ΔF .572 .722 2.429 .014 1.813 .121 4.555 .000 5.593 .000 1.508 .153 2.796 .023 1.107 .372 

Adjusted R2 -.029  .159  .051  .391  .234  .291  .107  .122  
ΔR2 .039   .299   .115   .407   .285   .157   .166   .143   

4.5.3 Mediation 

Three regressions are performed in order to test for mediation (Baron & Kenny, 1986) through cross-

functional collaboration in idea selection (Table 35). In step 1 regressions with FFE speed and 

effectiveness no effect of leaders’ openness and shared project mission was found, so the criteria for 

step 1 are not met. Therefore, mediation analysis is only continued for FFE efficiency, for which step 1 

is met. Both leaders’ openness to experience and having a shared project mission have a significant 

effect on FFE efficiency (step 1). Leaders’ openness has no significant effect on cross-functional 



38 

 

collaboration in idea selection, but shared project mission does have a significant effect (step 2). When 

cross-functional collaboration is added to the regression all three variables are significant, but the effects 

of leaders’ openness to experience and shared project mission are reduced. It can be concluded that 

shared project mission has a partial mediated effect on FFE efficiency by cross-functional collaboration 

in idea selection. Cross-functional collaboration in idea selection however has no mediating effect for 

leaders’ openness to experience, because step 2 is not met.  

 
Table 35 – Test for mediation through cross-functional collaboration in idea selection 

 
Step 1: FFE efficiency 

Step 2: Cross-functional 

collaboration in IS Step 3&4: FFE efficiency 
 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 
 B Sig. B Sig. B Sig. B Sig. B Sig. B Sig. 

Control variables             
Innovativeness:             

market -.027 .834 -.147 .158 .065 .612 -.033 .765 -.027 .834 -.138 .168 

performance .042 .726 .024 .799 -.085 .478 -.111 .288 .042 .726 .056 .548 

technology  .218 .105 .166 .118 .088 .501 .040 .726 .218 .105 .155 .129 

Formalization in IS .105 .377 -.017 .856 .307 .011 .204 .052 .105 .377 -.075 .427 

Level of development .154 .215 .204 .039 .082 .499 .121 .255 .154 .215 .170 .075 

Independent variables             
Leaders’ openness to experience  .342 .001   .180 .079   .291 .002 

Shared project mission   .437 .000   .438 .000   .312 .004 

Cross-functional collaboration in IS         .283 .011 

ΔF 1.813 .121 22.176 .000 2.241 .060 12.911 .000 1.813 .121 18.382 .000 

Adjusted R2 .051  .409  .076  .311  .051  .456  
ΔR2 .115   .349   .138   .237   .115   .400   
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4.5.4 Main findings for idea selection 

In this section a recap of the empirical analysis of the idea selection phase is provided. In the empirical 

analysis of the idea selection phase the direct effects of involvement and moderating effects of cross-

functional collaboration are analyzed. Furthermore, cross-functional collaboration is analyzed as a 

mediator of shared project mission and leaders’ openness to experience. These findings are similar to 

the findings for the idea generation phase. Significant findings in the idea generation phase are displayed 

in Figure 17. Similar to earlier discussed phases, engineering function involvement in idea selection has 

a negative effect on efficiency in the FFE. Yet, involvement of the other functions turned out to have 

no significant effect on any of the FFE success measures. Leaders’ openness to experience turned out 

to have a direct effect on FFE efficiency that is not mediated by cross-functional collaboration. The 

effect of shared project mission is partially mediated by cross-functional collaboration. 

 
FFE success

Cross-functional collaboration 

in idea selection

Shared project mission

Involvement of the 

engineering function  in idea 

selection

Involvement of the 

engineering function  in idea 

selection

Leader openness to experienceLeader openness to experience

-

+

FFE efficiency

FFE speed

FFE effectiveness (quality) 

FFE effectiveness (quantity)

+

+

+

+

+

 
Figure 17 – Overview of significant effects in idea selection phase 

 

This overview concludes the analysis of the idea selection phase, in the succeeding section the data 

analysis for the concept development phase will be addressed.  
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4.6 Concept development 

In this section the data analysis is performed for the concept development phase. First correlations of 

variables for concept development are presented followed by the discussion of the regression analysis 

with moderating and mediating effects. 

4.6.1 Correlations  

As presented in Table 36 involvement of the engineering function in concept development is negatively 

related to efficiency in the FFE (r = -0.225*). Involvement of the marketing function is positively related 

to the quality facets of FFE effectiveness (r = 0.231*). Manufacturing function involvement is positively 

related to speed in the FFE (r = 0.253*). Involvement of both the marketing and manufacturing functions 

are positively correlated with sales function involvement (r = 0.404**; r = 0.411**). Cross-functional 

collaboration is positively significantly related to FFE speed, efficiency and the quality facets of 

effectiveness (r = 0.322**; r = 0.598**; r = 0.359**). 

 
Table 36 – Correlation matrix involvement of functions in concept development 

    1 2 3 4 5 6 7 8 9 10 

1 FFE effectiveness quantity 1 
         

2 FFE effectiveness quality .210 1 
        

3 FFE efficiency .235* .269* 1 
       

4 FFE speed .151 .268* .386** 1 
      

5 Design function involvement in CD .087 .075 .200 .009 1 
     

6 Engineering function involvement in CD .040 .198 -.225* -.038 -.020 1 
    

7 Marketing function involvement in CD .029 .231* .121 -.037 .032 .175 1 
   

8 Manufacturing function involvement in CD .163 .216 .157 .253* .207 .167 .119 1 
  

9 Sales function involvement in CD .074 .201 .016 .153 .123 .148 .404** .411** 1 
 

10 Cross-functional collaboration in CD .146 .359** .598** .322** .079 -.125 .131 .176 -.006 1 

  CD concept development *. Correlation is significant at the 0.05 level (2-tailed).  

**. Correlation is significant at the 0.01 level (2-tailed).  

4.6.2 Main effects 

Four regression analyses are performed to test the proposition P1e to P11e for the four FFE success 

measures (Table 37). Proposition P2e proposed a positive relation between engineering function 

involvement and FFE success. In concept development engineering function involvement has a negative 

effect on FFE efficiency (β = -0.260*). Next to this negative effect, engineering function involvement 

has a positive effect on FFE effectiveness (quality) (β = 0.292*), so P2e is supported.  

Proposition P1e, P3e, P4e and P5e proposed a positive relation between design, marketing, 

manufacturing and sales function involvement on FFE success. However, no significant effects of the 

involvement of these functions are found in the concept development phase, therefore for concept 

development P1e, P3e, P4e and P5e are not supported.  

P6e to P10e proposed a positive interaction effect of cross-functional collaboration on the relation of 

design, engineering, marketing, manufacturing and sales function involvement on FFE success. For 

sales involvement, this interaction has a negative significant effect on FFE efficiency (β = -0.266*), 

explained in the next section (4.6.3). For design, engineering, marketing and manufacturing function 

involvement no significant interaction effects are found, so for concept development P6e to P10e are 

not supported.  

P11e proposed a direct positive effect of cross-functional collaboration on FFE success. In the 

regression analysis cross-functional collaboration has a strong positive effect on FFE speed (β = 

0.306*), efficiency (β = 0.486**) and effectiveness (quality) (β = 0.288*). So, for concept development 

P11e is supported.  
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Table 37 – Regression results involvement and cross-functional collaboration in CD  

FFE speed FFE efficiency 

FFE effectiveness 

(quality) 

FFE effectiveness 

(quantity)  
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2  
B Sig. B Sig. B Sig. B Sig. B Sig. B Sig. B Sig. B Sig. 

Control variables                 
  Innovativeness:                 
    market -.048 .722 -.113 .427 -.020 .880 .025 .832 .128 .278 .040 .746 .053 .672 .015 .919 

    performance -.048 .699 -.076 .546 .002 .984 .087 .410 .267 .016 .244 .029 .182 .119 .203 .116 

    technology  .111 .410 .145 .331 .119 .366 .013 .914 .037 .750 .017 .893 .219 .085 .215 .159 

  Formalization in CD .130 .290 .071 .574 .062 .602 -.107 .309 .134 .211 .101 .359 -.140 .222 -.169 .189 

  Level of development -.102 .438 -.105 .431 .209 .104 .095 .393 .239 .040 .206 .078 .141 .249 .168 .216 

Independent variables                 

  Involvement in  CD:                 

    Design function 
  

-.108 .399   .049 .648   -.016 .887   -.024 .852 

    Engineering function 
  

-.064 .665   -.260 .038   .292 .025   -.105 .481 

    Marketing function 
  

-.158 .253   .142 .221   .093 .438   .031 .827 

    Manufacturing function 
  

.169 .211   .074 .512   .077 .512   .148 .279 

    Sales function 
  

.217 .148   -.009 .945   .110 .399   .106 .485 

  Cross-functional collaboration in CD .306 .017   .486 .000   .288 .010   .065 .608 

Interactions (CF=Cross-functional)               

  Design x CF collaboration 
  

.139 .322   .058 .616   .110 .366   .222 .121 

  Engineering x CF collaboration 
 

.145 .361   .069 .601   -.212 .129   .092 .570 

  Marketing x CF collaboration 
  

-.038 .805   -.023 .857   -.017 .899   -.076 .625 

  Manufacturing x CF collaboration 
 

-.181 .174   .017 .875   -.146 .208   -.108 .419 

  Sales x CF collaboration 
  

.009 .951   -.266 .040   -.038 .776   -.058 .709 

ΔF .519 .761 1.835 .068 1.260 .291 4.433 .000 5.081 .000 1.865 .063 2.716 .027 .683 .749 

Adjusted R2 -.033  .086  .017  .358  .212  .305  .101  .055  
ΔR2 .035   .243   .082   .412   .264   .188   .161   .093   

4.6.3 Moderation 

To interpret the negative effect of the interaction variable of sales function involvement and cross-

functional collaboration in concept development on FFE efficiency it is visually represented below 

(Figure 18).  

The effect of sales function involvement on FFE efficiency is positive when cross-functional 

collaboration is low and negative when cross-functional collaboration is high. But due to the large 

positive effect of cross-functional collaboration on FFE efficiency, the line of high cross-functional 

collaboration is higher (positive) for both high and low sales function involvement. For FFE efficiency 

the most positive scenario is low sales function involvement in combination with high levels of cross-

functional collaboration, and the worst scenario is also a low level of sales function involvement but 

with low levels of cross-functional collaboration.  

 

 
Figure 18 – Moderation of cross-functional collaboration on sales involvement effect (CD) 

  

-1,5

-1

-0,5

0

0,5

1

Low sales function involvement in

concept development

High sales function involvement in

concept development

F
F

E
 e

ff
ic

ie
n

cy
 

Low collaboration

High collaboration



42 

 

4.6.4 Mediation 

Three regression analyses are performed in order to test for mediation (Baron & Kenny, 1986) through 

cross-functional collaboration in the concept development phase (Table 38). In step 1 regressions with 

FFE speed and effectiveness no effect of leaders’ openness and shared project mission was found, so 

the criteria for step 1 are not met. Therefore, mediation analysis is only continued for FFE efficiency, 

for which step 1 is met. Both leaders’ openness to experience and having a shared project mission have 

a significant effect on FFE efficiency (step 1) and on cross-functional collaboration in concept 

development (step 2). When cross-functional collaboration is added to the regression the variable shared 

project mission becomes insignificant, but the effects of both leaders’ openness to experience and cross-

functional collaboration in concept development stay significant (step 3). From this can be concluded 

that the effects shared project mission on FFE efficiency is partially mediated by cross-functional 

collaboration in idea generation and the effect of leaders’ openness to experience on FFE efficiency is 

completely moderated by cross-functional collaboration in concept development. 

 
Table 38 – Test for mediation through cross-functional collaboration in concept development 

 
Step 1: FFE efficiency 

Step 2: Cross-functional 

collaboration in CD Step 3&4: FFE efficiency 
 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 
 B Sig. B Sig. B Sig. B Sig. B Sig. B Sig. 

Control variables             
Innovativeness:             

market -.020 .880 -.149 .184 -.012 .924 -.170 .090 -.020 .880 -.090 .412 

performance .002 .984 .008 .938 -.043 .723 -.043 .633 .002 .984 .023 .814 

technology  .119 .366 .112 .305 .116 .378 .115 .240 .119 .366 .072 .494 

Formalization in CD .062 .602 .047 .637 .154 .198 .111 .215 .062 .602 .008 .930 

Level of development .209 .104 .234 .030 .171 .183 .194 .043 .209 .104 .166 .116 

Independent variables             
Leaders’ openness to experience  .350 .001   .261 .004   .258 .012 

Shared project mission   .366 .001   .557 .000   .171 .159 

Cross-functional collaboration in CD          .350 .009 

ΔF 1.260 .291 17.156 .000 1.351 .253 30.228 .000 1.260 .291 14.914 .000 

Adjusted R2 .017  .324  .023  .464  .017  .381  
ΔR2 .082   .305   .087   .426   .082   .365   
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4.6.5 Main findings for concept development 

In this section a recap of the empirical analysis of the concept development phase is provided. In the 

empirical analysis of the concept development phase the direct effects of involvement and moderating 

effects of cross-functional collaboration are analyzed. Furthermore, cross-functional collaboration is 

analyzed as a mediator of shared project mission and leaders’ openness to experience. Significant 

findings in the concept development phase are displayed in Figure 19. 

For concept development, the only significant effects of involvement are caused by the involvement of 

the engineering function. This involvement has a positive effect on quality facets of FFE effectiveness 

and in the meanwhile has a negative effect on FFE efficiency.  

For concept development cross-functional collaboration is negatively influencing the insignificant 

effect of involvement of the sales function. The direct effect of cross-functional collaboration however, 

has a positive effect on FFE efficiency, speed and the quality facets of effectiveness.  

Leaders’ openness to experience turned out to have a positive effect on FFE efficiency that is partially 

mediated by cross-functional collaboration. In concept development, the effect of shared project 

mission is fully mediated by cross-functional collaboration.  

FFE success

Cross-functional collaboration 

in concept development

Shared project mission

Involvement of the 

engineering function in 

concept development

Involvement of the 

engineering function in 

concept development

Leader openness to experienceLeader openness to experience

-

+

+

FFE efficiency

FFE speed

FFE effectiveness (quality) 

FFE effectiveness (quantity)

+

Involvement of the sales 

function  in concept 

development

Involvement of the sales 

function  in concept 

development

N.S.

+
+

+

+

-

 
Figure 19 – Overview of significant effects in concept development phase 

 

This overview concludes the analysis of the last FFE phase, concept development. The analysis of the 

final phase completes the data analysis chapter. In the succeeding and final chapter implications are 

discussed and the research question will be answered in the conclusion of this master thesis.  
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4.7 Results 

The main findings per FFE phase are aggregated in one overview that is graphically presented below 

(Figure 20).  In this diagram, only significant effects are displayed to provide a clear overview.   

FFE success

Cross-functional collaboration 

in each of the FFE phases

Shared project mission

OI: opportunity identification 

OA: opportunity analysis 

IG: idea generation

IS: idea selection

CD: concept development

Involvement of the 

engineering function  in each 

of the FFE phases

Involvement of the 

engineering function  in each 

of the FFE phases

Involvement of the marketing 

function  in each of the FFE 

phases

Involvement of the marketing 

function  in each of the FFE 

phases

Involvement of the 

manufacturing function  in 

each of the FFE phases

Involvement of the 

manufacturing function  in 

each of the FFE phases

Leader openness to experienceLeader openness to experience

-

(all)

+

(OI)

+

(OI, OA)

+

(OA, IG, IS, CD)

+

(OA, CD)

FFE efficiency

FFE speed

FFE effectiveness (quality) 

FFE effectiveness (quantity)

+

(all)

Involvement of the sales 

function  in each of the FFE 

phases

Involvement of the sales 

function  in each of the FFE 

phases

N.S.

+

(all)+

(all)

+

(CD)

+

(OA)

+

(OI, OA, IG, IS)
+

(all)

-

(OI, CD)

+

(OA)

-

(OA)

-

(OI, OA)

 
Figure 20 – Final model with the significant key findings of this study 

 

The main findings for cross-functional collaboration and involvement of the different functions are 

summarized hereafter for each of the functions. This is followed by a summary of the findings for shared 

project mission and leaders’ openness to experience. This results section is the last section of the data 

analysis and results chapter.  
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4.7.1 Involvement of functions and cross-functional collaboration 

The first part of this study included the involvement of the design, engineering, marketing, 

manufacturing and sales function in each of the phases of the FFE (P1a-e – P5a-e). Both the interactions 

of cross-functional collaboration with the involvement of functions (P6a-e – P10a-e) and its direct effect 

(P11a-e) are included in this first part of the study. The significant effects of this part of the study are 

displayed below (Table 39) and are described per function. 

 
Table 39 – Overview of significant effects P1- P11 
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P1: Design function involvement                     

P2: Engineering function involvement  -    -    -    -    - +  

P3: Marketing function involvement   +                  

P4: Manufacturing function involvement +    + +               

P5: Sales function involvement     +                

P6: Design x CF collaboration                     

P7: Engineering x CF collaboration                     

P8: Marketing x CF collaboration                     

P9: Manufacturing x CF collaboration -    -                

P10: Sales x CF collaboration  -   -             -   

P11: CF collaboration + + +  + + +  + + +  + + +  + + +  

CF=Cross-functional                     

4.7.1.1 Design function 

Although the design function is not often mentioned in FFE literature, companies in this study do 

involve the design function throughout the FFE, with higher involvement in the idea phases and concept 

development. Despite this and contrary to what was proposed, the design function did not have a 

significant effect on FFE success during any of the phases of the FFE. This does not confirm the 

suggestions in the case study by Perks et al. (2005) that the design function contributes positively to 

success in the FFE. The interaction effect of cross-functional collaboration on the effect of design 

function involvement on FFE success factors have all found to be insignificant too.  

The fact that no significant effects of the involvement of the design function are found in this study 

does not mean that the design function should not be involved in the FFE. Other project specific reasons 

could be given to include the design function. First, the involvement of the design function might 

depend on the kind of project and the target market. Second, the design function might better be 

involved later in the innovation process when the FFE is completed, because in NPD the development 

is getting more concrete and concepts get stronger.  

4.7.1.2  Engineering function 

In this study the involvement of the engineering function negatively influences efficiency throughout 

the phases of the FFE. This finding is unexpected especially because the engineering function is highest 

involved of all functions in the sample of this study. The average involvement of the engineering 

function in the sample of this study is between ‘high’ and ‘very high’. From the combination of these 

findings it can be concluded that many companies have a potential to improve efficiency in the FFE by 
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reducing the involvement of the engineering function in opportunity identification, opportunity 

analysis, idea generation and idea selection.  

There might be other reasons to involve the engineering function. Engineers mostly are concerned with 

feasibilities and the effectiveness of technologies according to Ruekert & Walker (1987). In this study 

the positive effect of engineering involvement on FFE effectiveness (quality) can be seen during 

concept development. Organizations need to balance effectiveness and efficiency. It is therefore tough 

to say which of both effects is more important.  

4.7.1.3  Marketing function 

In this study involvement of the marketing function in opportunity identification positively influences 

the quality facets of effectiveness in the FFE. Marketers likely know what customers want, and therefore 

identify new opportunities to pursue, because people with a marketing background tend to have a focus 

on customer preferences (Ruekert & Walker, 1987). However, for the other phases of the FFE no 

significant effects of marketing function involvement are found in this study. These results show that 

opportunity identification is the most important phase for the marketing function to be involved in the 

FFE. Despite the suggestion of Koen et al. (2002) to involve the marketing function in the opportunity 

analysis phase, no significant effects were found for this phase.  

4.7.1.4  Manufacturing function 

Manufacturing function involvement positively influences speed in opportunity identification and both 

speed and efficiency in opportunity analysis. The positive effect of manufacturing function involvement 

in opportunity analysis is contrary to the findings of Song et al. (1998), but in line with suggestions of 

Gupta & Wilemon (1990). Song et al. (1998) suggested to avoid the collaboration of manufacturing 

with engineering and with engineering and marketing at the same time, while Gupta & Wilemon (1990) 

suggested to integrate engineering and manufacturing functions. The manufacturing function might 

contribute to opportunity identification by identifying opportunities for new products or product 

improvements from a manufacturing perspective.  

Next to the positive effects of manufacturing function involvement some negative interactions with 

cross-functional collaboration have been found in this study. For opportunity identification and 

opportunity analysis the effect of manufacturing function involvement on FFE speed is negatively 

influenced by high cross-functional collaboration. Despite this finding, the main effects of both cross-

functional collaboration and manufacturing function involvement have a positive significant effect on 

FFE speed that outweighs these negative interaction effects. Therefore, the conclusions for cross-

functional collaboration and manufacturing function involvement hold.  

4.7.1.5  Sales function 

The proposed positive effect of sales function involvement in the FFE could be confirmed by a positive 

effect on FFE speed during opportunity analysis. The positive effect of the involvement of the sales 

function is likely to come from the close contact of the sales function with the customer (Jensen & 

Homburg, 2007). In other phases of the FFE however no significant effect of sales function involvement 

was found in this study. This is contrary to the suggestion of Ernst et al. (2010) to involve the sales 

function in concept development. Similar to the manufacturing function, in opportunity analysis the 

level of cross-functional collaboration interacts negatively with the positive effect of sales function 

involvement on FFE speed. Despite this finding, the main effects of both cross-functional collaboration 

and sales function involvement have a positive significant effect on FFE speed that outweighs these 

negative interaction effects. Therefore, the conclusions for cross-functional collaboration and sales 

function involvement hold.   

4.7.1.6  Cross-functional collaboration 

As expected cross-functional collaboration has a positive effect on speed, efficiency and the quality 

facets of effectiveness throughout the phases of the FFE. However, the expected interaction of cross-

functional collaboration on the involvement of people from different functional areas has turned out to 

be insignificant or even negative. This is contrary to what was expected and proposed. From further 
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graphical analysis (chapter 3) of these negative moderating effects it can be concluded that the 

significant direct effect of cross-functional collaboration is large and that despite the negative 

interaction with manufacturing and sales, the effect of high cross-functional collaboration is still 

positive.  However, when shared project mission and leaders’ openness to experience are included in 

the regression model, the effect of cross-functional collaboration on FFE efficiency in opportunity 

identification becomes insignificant. This could be caused by omitted variable bias and can only be 

found in the opportunity identification phase. This finding indicates that, in this phase, having an open 

leader and a shared project mission might even be more important to FFE efficiency than a high level 

of cross-functional collaboration. In future research with bigger sample sizes shared project mission 

and leaders’ openness should be included together in one research model to be able to compare these 

effects.  

4.7.2 Shared project mission and leaders’ openness to experience  

The second part of this study included the having a shared project mission and leaders’ openness to 

experience through cross-functional collaboration on FFE efficiency (P12 and P13) for the different 

phases. The mediating effects are displayed below for the different phases of the FFE (Table 40) and 

are described thereafter for both proposed mediators. 

 
Table 40 – Overview significant effects P12 and P13 

Cross-functional collaboration in… P12: Shared project mission P13: Leaders’ openness to experience  

Opportunity identification Direct effect (no mediation) Direct effect (no mediation) 

Opportunity analysis Partial mediation  Partial mediation 

Idea generation Partial mediation Direct effect (no mediation) 

Idea selection Partial mediation Direct effect (no mediation) 

Concept development Full mediation Partial mediation 

4.7.2.1 Shared project mission 

Rauniar et al. (2008) stated that for NPD a shared project mission functions as a common road map for 

cross-functional teams in the NPD. In line with these findings this study has found positive effects of a 

shared project mission on FFE efficiency partially by improving cross-functional collaboration. In 

opportunity identification, a direct effect on FFE efficiency is found, but for the other FFE phases the 

effect of a shared project mission influences FFE efficiency through cross-functional collaboration. This 

mediating effect is partial in opportunity analysis, idea generation, idea selection and full mediation for 

concept development. Acceptance and commitment of team members probably cause this improved 

cross-functional collaboration and FFE efficiency.   

4.7.2.2 Leaders’ openness to experience  

Contrary to what was proposed leaders’ openness to experience had a direct significant effect in most 

phases of the FFE. However, during opportunity analysis and concept development the effect of leaders’ 

openness to experience was partially mediated by cross-functional collaboration. The direct effect could 

be caused by the fact that a leader that is imaginative, sensitive, intellectual, polished (open to 

experience) is contributing to the FFE by stimulating the individual and not the group as a team. Another 

possible explanation would be that the leader that is open to experience is contributing to FFE results 

as being a member of the team him- or herself. The characteristics of being open to experience might 

be beneficial to results in the FFE and therefore causing a direct effect on FFE efficiency without cross-

functional collaboration as mediator.   
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5 Discussion and conclusion  
This research shows the relevance of cross-functional collaboration in the FFE and provides practical 

insights in how this can be achieved. The research question of this study, “How does cross-functional 

collaboration in the FFE influence FFE performance?” can be answered differently for each phase of 

the FFE. This study attains a better understanding of the effect of involvement of people from different 

functional areas on FFE speed, efficiency and effectiveness. Functional areas included in this study are 

the design, engineering, marketing, manufacturing and sales function. Involvement of the marketing 

and manufacturing function contributes to opportunity identification, manufacturing and sales 

contribute to opportunity analysis and engineering contributes to concept development. However, the 

level of cross-functional collaboration amongst these functions has been found to be most important to 

FFE success. Cross-functional collaboration is not positively moderating the effects of these functional 

involvements, but has a direct positive effect on FFE success. This study found that leaders’ openness 

to experience and the existence of a shared project mission are positively related to success, partly 

through cross-functional collaboration. In this section, the theoretical and practical implications are 

presented. Hereafter research limitations and suggestions for future research are provided.  

5.1 Theoretical implications 

This study provides some novel contributions to the literature on cross-functional collaboration in the 

FFE. The largest contributions come from the comparison of the involvement of multiple functional 

areas. Most existing literature is focused on three or less different functions at once, but the current 

study makes it able to compare the contribution of the design, engineering, marketing, manufacturing 

and sales function. First the engineering function has been found to benefit only the FFE, through 

effectiveness (quality) when involved during concept development. However, throughout the FFE 

involvement of the engineering function has a negative effect on efficiency.  

Secondly, the marketing function has been found to have a positive effect through on FFE effectiveness 

(quality) in the opportunity identification phase. These findings are in line with Gupta & Wilemon, 

(1990), Koen et al. (2002) and Verganti (1997) and contribute to the finding that the involvement of the 

marketing function is most important during opportunity identification.  

Thirdly, the manufacturing function has been found to have a positive effect on speed in opportunity 

identification and analysis. In opportunity analysis, the manufacturing function also has a positive effect 

on FFE efficiency. These findings are in line with Gupta & Wilemon (1990) and contrary to suggestions 

of Song et al. (1998).   

In the fourth place, the sales function has been found to have a positive effect on speed when it is 

involved in opportunity analysis. Contrary to the suggestion of Ernst et al. (2010) to involve the sales 

function in concept development, no significant effect for this phase of the FFE has been found.  

A fifth contribution is the effect of leaders’ openness to experience, both through cross-functional 

collaboration and directly on FFE efficiency. The importance of leadership was already known in 

literature, but the finding of the positive effect of the openness of the leader is new to FFE literature. 

This contribution can help to find the right leader for the FFE of the innovation process.  

Finally, this study contributes by testing the mediating effect of a shared project mission through cross-

functional collaboration. The positive effect of a shared project mission for NPD is known in literature 

(Rauniar et al., 2008), this study expands these findings to the FFE. Additionally, this study has found 

that this effect is partially mediated by cross-functional collaboration in opportunity analysis, idea 

generation and idea selection. For concept development, this relation is fully mediated by cross-

functional collaboration.   

5.2 Practical implications 

Next to theoretical implications, this research also has practical implications. These practical 

implications can help Company X and other companies to improve their FFE by encouraging and 

improving cross-functional collaboration in the FFE. First cross-functional collaboration is addressed 

followed by the involvement of people from different functional areas.  
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5.2.1 Cross-functional collaboration 

This study has found that cross-functional collaboration is most important to success in the FFE, 

because it has a positive effect on speed, efficiency and the quality facet of effectiveness in all five 

phases of the FFE. Cross-functional collaboration has been found to be important to cross-functional 

teams in previous studies (Kim & Wilemon, 2002a) and this study confirms the importance of cross-

functional collaboration in the FFE.  

Cross-functional collaboration should be stimulated in the FFE. This master thesis study found that 

having a shared project mission in the FFE and assigning a project leader that is open to experience 

benefit FFE efficiency partially by stimulating cross-functional collaboration.  

- So, a leader that is open to experience should be assigned to lead the FFE. An open leader 

is a leader who is imaginative, sensitive, intellectual and polished (Aronson et al., 2006). Such 

a leader will improve cross-functional collaboration of the FFE team in opportunity analysis 

and concept development. In addition to this an open leader improves FFE efficiency 

throughout the phases of the FFE. 

- Additional to leaders’ openness to experience, the leader should provide the team with a 

project mission early in the FFE. The project mission should be shared during opportunity 

identification or even prior to the FFE project, because in succeeding phases a shared project 

mission will benefit FFE efficiency partially through cross-functional collaboration. Such a 

mission functions as a common roadmap for cross-functional teams (Rauniar et al., 2008). A 

shared project mission leads to improved cross-functional collaboration in opportunity analysis, 

idea generation and idea selection and improves FFE efficiency in all stages, partially through 

improved cross-functional collaboration.  

In addition to the cross-functional collaboration enhancing findings of this study, other mechanisms to 

enhance cross-functional collaboration can be found in literature. Leenders & Wierenga (2002) tested 

most widely accepted mechanisms that achieve higher levels of cross-functional integration in NPD. 

They define integration as the degree to which there is communication, cross-functional collaboration 

and a cooperative relationship. Effective mechanisms found in this study are formal integrative 

management processes, physical relocation, equal salary and career opportunities, Information 

Communication Technologies (ICT) and the organizational team structure.    

- Formal integrative management processes help to integrate different functions in the FFE 

team. This is in line with the positive correlation found of (control variable) formalization and 

cross-functional collaboration in this study (Table 22). Formal integrative management 

processes imply a cross-functional board which monitors the processes and reviews ideas. This 

board should contain all managers of the functional departments at company X. The FFE team 

leader should report to this board and the board should be involved when decisions are made in 

for example idea selection.  

- The FFE team with people from different functional departments should be relocated to one 

physical location. Although currently all departments are in the same building, the R&D 

department of Company X is separated from other functional departments by a warehouse and 

a manufacturing site. This makes the cross-functional FFE team dispersed and isolates the R&D 

department. To enhance cross-functional collaboration all members of the team should be 

assigned to the same part of the building to minimize the physical distance between team 

members.  

- Next to this equal salary and career opportunities should be provided to members of the 

same FFE team (Cropanzano & Randall, 1993). When employees perceive inequity, this can 

result in undesirable behavior. Although this is not investigated in the case study, unequal 

salaries and career opportunities are not assumed to be a problem within Company X.  

- ICT has also been found an effective integrating mechanism by Leenders and Wierenga (2002). 

With ICT defined as e-mail, intranet and conferencing facilities. These ICT facilities are 

mentioned to particularly benefit global teams. At company X all technologies mentioned by 

Leenders and Wierenga (2002) are properly functioning and Company X is not dispersed 

globally, the improvement of ICT facilities is not likely to benefit cross-functional collaboration 

in the FFE of Company X.  
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- The organizational structure of the FFE team is also mentioned in the study of  Leenders & 

Wierenga (2002) and will be discussed based on involvement of different functions hereafter.  

5.2.2 Involvement 

The involvement of different functions depends on the kind of FFE project and different functions 

should therefore be appointed differently for every FFE project (Koen et al., 2002). In line with this no 

significant effects have been found for the involvement of the design function throughout the phases of 

the FFE. Therefore, the involvement of the design function is likely to depend on the kind of FFE 

project. Notwithstanding this call for project specific FFE teams by Koen et al. (2002), the involvement 

of the other functions in various phases of the FFE have been found to have a significant effect on FFE 

success in this study.  

- During opportunity identification people from marketing and manufacturing should be 

included in the FFE team. The marketing function is likely to provide the team with customer 

and market information. The manufacturing function focusses on internal executions and could 

identify new problems internally.  

- For opportunity analysis, the sales and manufacturing function should be involved. The sales 

function can provide the team with customer knowledge because it has close contact with the 

customer. The manufacturing function can identify potential problems for production of a new 

product. This can safe costs and times of potential redesigns in later stages (Brettel et al., 2011). 

- For idea generation and idea selection this study did not find significant positive effects of 

the involvement of any of the functions included in this study. Regardless of this, cross-

functional collaboration has a positive effect on FFE success in these phases. These findings 

could be understood as contrary, because one could argue that without involvement of any 

function, collaboration is impossible. It is true that without involvement collaboration is 

impossible, however, an alternative explanation is also possible. The makeup of teams in the 

idea generation and idea selection phase might be very project specific. If this is the case, it is 

not possible to provide a team composition that benefits all FFE teams included in the sample 

of this study. So, which departments should be highly involved depends on the kind of project, 

as long as the team members are collaborating with each other.  

- For concept development, the only positive effects that are found are coming from engineering 

function involvement. The engineering function can reduce technical uncertainty during de 

development of concepts.  

The negative effect of engineering function involvement on FFE efficiency throughout the phases of 

the FFE, should be handled with care. The engineering function has often been mentioned to be part of 

the FFE team (Kim & Wilemon, 2002a; Koen et al., 2002), and negative effects are therefore likely to 

come together with positive effects. These positive effects have only been identified for the concept 

development phase in this study. The negative effects in other phases might have been caused by a 

measuring error discussed in the research limitations (5.3).  

5.3 Research limitations and future research  

Just like any research, this research has limitations, because results of this study might be biased through 

choices made within the process of this master thesis. Firstly, the sample of this study counts 82 

participants and consists mostly of Dutch companies developing mostly goods compared to services. It 

should be noticed that the findings of this study might not be generalized to companies in other countries 

of the world and more service related companies. To increase external validity future research should 

use a more varied and larger sample. This would make it possible to generalize results of the study to 

more diverse set of companies.  

The research model is tested with multiple hierarchical regression analyses for each of the FFE phases. 

When for example checking for mediating effects of leaders’ openness to experience and shared project 

mission the effect of cross-functional collaboration on FFE efficiency became insignificant. This was 

only the case for the opportunity identification phase and could be caused by omitted variable bias. To 

overcome this the whole model would ideally be tested at once, this however was not feasible in the 

current study due to the combination of a large number of relationships and the limited sample size.  
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While measuring involvement, this study had an engineering perspective. Questions in the survey 

regarding the involvement of functions were formulated without mentioning R&D, because R&D is a 

department in which people with an engineering background are working. This might have been a 

wrong decision, because participants of the survey mentioned that they would like to have an R&D 

answering option. For future research, such an answering option might be resulting in a better measure 

of the involvement of the different functions.  

The measures for effectiveness quality and quantity in this study both have low internal reliability. This 

could have lead into less significant effects then there potentially are. Future research that is less 

explorative should use more robust FFE success measures. 

Measures used in the survey are estimated by the participant him- or herself. This way of measuring 

could result in a common method bias. Despite this it would be hard to have other measures to measure 

FFE related constructs, because of the low amount of possible concrete measures. Measuring for 

example product sales could be a reliable FFE success measure when controlled for other influencing 

factors on sales. However, it can take years to develop and launch a product, so this way of measuring 

is not feasible in the time span of a master thesis. Other downsides could be that some products would 

not be launched for a reason that is not related to the FFE and made it therefore impossible to measure.  

Finally, this study found which functions contribute to which phase of the FFE, but future research 

should found out how these functions contribute to the FFE. For example, the positive effect of 

marketing function involvement during opportunity identification is possibly caused by close contact 

with customers and knowledge about the market, this however should be further investigated.  
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Appendix A – Questionnaire   

Cross-functional collaboration in the Fuzzy Front-End 
Dear Participant, 

 

I am Wouter Gravesteijn, master student Innovation Management, conducting my Master Thesis project at Eindhoven 

University of Technology supervised by dr. K. Eling and prof. dr. F. Langerak. This questionnaire is part of my research to 

identify best practices in managing cross-functional collaboration in the fuzzy front-end of new product development. The 

questionnaire will take about 20 minutes. 

For every completed questionnaire I will donate a fruit tree to a family in Bangladesh (via Oxfam Novib: 

http://paktuit.oxfamnovib.nl/15-fruitboompjes.html). In addition to this an executive summary with the main findings of 

this research will be available to you if you leave your e-mail address at the end of the questionnaire.  

 

Your answers will be kept confidential. Therefore I request you to fill in the answers in an honest way.  

 

Thank you for helping me with this important research, 

 

Wouter Gravesteijn 

Master Student Innovation Management 

Description of the fuzzy front-end 
The front-end is often referred to as the “Fuzzy Front-End” (FFE), “pre-development” or “Front-End of Innovation”, but 

also different terms may be used. The fuzzy-front-end is defined as the period between first consideration of an opportunity 

or idea for a new product and actually starting the formal development. The fuzzy front-end generally consists of the 

following activities:  

 

- Opportunity identification 

[Opportunity Identification is driven by the goals of the company and could be a new direction for the company, a minor 

product-upgrade or a new product platform. These opportunities can be both technical and business opportunities and can 

be identified anywhere in the company.] 

 

- Opportunity analysis 

[In this element the opportunity is evaluated by performing early technology and market assessments.] 

 

- Idea generation and enrichment  

[An idea can be defined as the most embryonic form of a new product of service. In this element ideas are generated, 

developed and matured into a concrete idea.]  

 

- Idea selection 

[In this element ideas that will achieve most business value will be selected.]  

 

- Concept development  

[A concept refers to a well defined product or service which includes its principle features and customer benefits. In this 

element a compelling case for investment in the business is made (e.g. a business plan and/or a formal project proposal for 

the new concept).] 

 

When answering the questions of this survey please take in mind the most recent representative new product 

development project in which you participated and for which the fuzzy front-end stage has been completed. Please 

briefly describe the selected project: * 

_________________________________________________ 

_________________________________________________ 

_________________________________________________ 

In what stage is the selected fuzzy front-end project? * 

O The fuzzy front-end has been completed, but the product has not been launched yet 

O The fuzzy front-end has been completed, and the product has been launched 

 

What was the total duration (in months) of the selected project in the fuzzy front-end stage? * 

to fill in an answer with decimals, please use a dot. 

__________________________ 

 

Were you involved in the selected fuzzy front-end project as the project leader? * 

O yes 

O no 
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Who initiated the selected fuzzy front-end project? * 

[] Someone from our R&D department 

[] Someone from our marketing department 

[] Someone from our manufacturing department 

[] Someone from our sales department 

[] Someone from our design department 

[] Someone from our finance department 

[] Someone from our purchase department 

[] Someone from senior management 

[] A customer 

[] A supplier 

[] Other: _____________________________ 

 
Please select to what extent you agree or disagree with the following statement: * 

 1 no 

involvement 

2 low 

involvement 

3 medium 

involvement 

4 high 

involvement 

5 very high 

involvement 

The initiator of the new 

product idea or opportunity 

was involved in the fuzzy 

front-end team.  

O O O O O 

 
Were the following activities performed for the selected fuzzy front-end project? * 

These activities may be called or separated differently at your company. Nevertheless, please answer the questions below 

for those activities performed in the selected project that are most similar to the definitions given above. 

 Yes No 

Opportunity identification O O 

Opportunity analysis O O 

Idea generation and enrichment O O 

Idea selection O O 

Concept development O O 

 
On the following pages questions will be asked per phase of the fuzzy front-end 

>> This text is not shown in the questionnaire: The following pages are only shown if ‘yes’ is answered to the previous 

questions. << 

Opportunity identification 
During opportunity identification, to what extent were employees involved from the following functions in your 

company: … * 

 1 no 

involvement 

2 low 

involvement 

3 medium 

involvement 

4 high 

involvement 

5 very high 

involvement 

N/A 

Engineering  O O O O O O 

Marketing O O O O O O 

Manufacturing O O O O O O 

Sales O O O O O O 

Design O O O O O O 

Finance O O O O O O 

Purchase O O O O O O 

Other functions 

(specify below) 
O O O O O O 

 

If 'Other functions' were involved, please specify: 

__________________________________________ 

 

For opportunity identification, what was the number of people in the core team? * 

__________________________________________ 
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In opportunity identification the functions involved ... * 

 1 strongly 

disagree 

2 disagree a 

little 

3 neither agree 

nor disagree 4 agree a little 

5 strongly 

agree 

... achieved collective goals O O O O O 

... had a mutual 

understanding 
O O O O O 

... informally worked 

together 
O O O O O 

... shared the same vision 

for the company 
O O O O O 

... shared ideas, 

information, and/or 

resources 

O O O O O 

 

For opportunity identification... * 

 1 strongly 

disagree 

2 disagree a 

little 

3 neither agree 

nor disagree 4 agree a little 

5 strongly 

agree 

… the responsibilities of 

the participants were 

clearly and formally 

described 

O O O O O 

… standard operating 

procedures were in place 
O O O O O 

… standard operating 

procedures to coordinate 

activities of the participants 

(i.e., rules, guidelines, 

standard forms) were in 

place 

O O O O O 

 

Opportunity analysis 
During opportunity analysis, to what extent were employees involved from the following functions in your company: 

… * 

 1 no 

involvement 

2 low 

involvement 

3 medium 

involvement 

4 high 

involvement 

5 very high 

involvement 

N/A 

Engineering O O O O O O 

Marketing O O O O O O 

Manufacturing O O O O O O 

Sales O O O O O O 

Design O O O O O O 

Finance O O O O O O 

Purchase O O O O O O 

Other functions 

(specify below) 
O O O O O O 

If 'Other functions' were involved, please specify: 

__________________________________________ 

 

For opportunity analysis, what was the number of people in the core team? * 

__________________________________________ 

 

In opportunity analysis the functions involved ... * 

 1 strongly 

disagree 

2 disagree a 

little 

3 neither agree 

nor disagree 4 agree a little 

5 strongly 

agree 

... achieved collective goals O O O O O 

... had a mutual 

understanding 
O O O O O 

... informally worked 

together 
O O O O O 

... shared the same vision 

for the company 
O O O O O 

... shared ideas, 

information, and/or 

resources 

O O O O O 
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For opportunity analysis... * 

 1 

strongly 

disagree 

2 

disagree 

a little 

3 neither 

agree nor 

disagree 

4 agree a 

little 

5 

strongly 

agree 

… the responsibilities of the participants were clearly 

and formally described 
O O O O O 

… standard operating procedures were in place O O O O O 

… standard operating procedures to coordinate 

activities of the participants (i.e., rules, guidelines, 

standard forms) were in place 

O O O O O 

... we apply a predefined procedure for evaluating 

product/service opportunities 
O O O O O 

... we apply a predefined and comprehensive set of 

evaluation criteria for evaluating product/service 

opportunities 

O O O O O 

... we apply comprehensible evaluation tools for 

evaluating product/service opportunities (such as 

scoring models or check lists) 

O O O O O 

... the decision-making process is transparent for all 

participants of the opportunity identification 
O O O O O 

 

 

Idea generation and enrichment 
During idea generation and enrichment, to what extent were employees involved from the following functions in 

your company: … * 

 1 no 

involvement 

2 low 

involvement 

3 medium 

involvement 

4 high 

involvement 

5 very high 

involvement 

N/A 

Engineering O O O O O O 

Marketing O O O O O O 

Manufacturing O O O O O O 

Sales O O O O O O 

Design O O O O O O 

Finance O O O O O O 

Purchase O O O O O O 

Other functions 

(specify below) 
O O O O O O 

  

If 'Other functions' were involved, please specify: 

__________________________________________ 

 

For idea generation and enrichment, what was the number of people in the core team? * 

__________________________________________ 

 

In idea generation and enrichment the functions involved ... * 

 1 strongly 

disagree 

2 disagree a 

little 

3 neither agree 

nor disagree 4 agree a little 

5 strongly 

agree 

... achieved collective goals O O O O O 

... had a mutual 

understanding 
O O O O O 

... informally worked 

together 
O O O O O 

... shared the same vision 

for the company 
O O O O O 

... shared ideas, 

information, and/or 

resources 

O O O O O 
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For idea generation and enrichment... * 

 1 strongly 

disagree 

2 disagree a 

little 

3 neither agree 

nor disagree 4 agree a little 

5 strongly 

agree 

… the responsibilities of 

the participants were 

clearly and formally 

described 

O O O O O 

… standard operating 

procedures were in place 
O O O O O 

… standard operating 

procedures to coordinate 

activities of the participants 

(i.e., rules, guidelines, 

standard forms) were in 

place 

O O O O O 

 

Idea selection 
During idea selection, to what extent were employees involved from the following functions in your company: … * 

 1 no 

involvement 

2 low 

involvement 

3 medium 

involvement 

4 high 

involvement 

5 very high 

involvement 

N/A 

Engineering O O O O O O 

Marketing O O O O O O 

Manufacturing O O O O O O 

Sales O O O O O O 

Design O O O O O O 

Finance O O O O O O 

Purchase O O O O O O 

Other functions 

(specify below) 
O O O O O O 

  

If 'Other functions' were involved, please specify: 

__________________________________________ 

 

For idea selection, what was the number of people in the core team? * 

__________________________________________ 

 

In idea selection the functions involved ... * 

 1 strongly 

disagree 

2 disagree a 

little 

3 neither agree 

nor disagree 4 agree a little 

5 strongly 

agree 

... achieved collective goals O O O O O 

... had a mutual 

understanding 
O O O O O 

... informally worked 

together 
O O O O O 

... shared the same vision 

for the company 
O O O O O 

... shared ideas, 

information, and/or 

resources 

O O O O O 
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For idea selection... * 

 1 

strongly 

disagree 

2 

disagree 

a little 

3 neither 

agree nor 

disagree 

4 agree a 

little 

5 

strongly 

agree 

… the responsibilities of the participants were clearly 

and formally described 
O O O O O 

… standard operating procedures were in place O O O O O 

… standard operating procedures to coordinate 

activities of the participants (i.e., rules, guidelines, 

standard forms) were in place 

O O O O O 

... we apply a predefined procedure for evaluating 

product/service ideas 
O O O O O 

... we apply a predefined and comprehensive set of 

evaluation criteria for evaluating product/service ideas 
O O O O O 

... we apply comprehensible evaluation tools for 

evaluating product/service ideas (such as scoring 

models or check lists) 

O O O O O 

... the decision-making process is transparent for all 

participants of the idea generation phase 
O O O O O 

 

 

Concept development 
During concept I, to what extent were employees involved from the following functions in your company: … * 

 1 no 

involvement 

2 low 

involvement 

3 medium 

involvement 

4 high 

involvement 

5 very high 

involvement 

N/A 

Engineering O O O O O O 

Marketing O O O O O O 

Manufacturing O O O O O O 

Sales O O O O O O 

Design O O O O O O 

Finance O O O O O O 

Purchase O O O O O O 

Other functions 

(specify below) 
O O O O O O 

  

If ‘Other functions’ were involved, please specify: 

____________________________________________ 

 

For concept I, what was the number of people in the core team? * 

_____________________________________________ 

 

In concept development the functions involved ... * 

 1 strongly 

disagree 

2 disagree a 

little 

3 neither agree 

nor disagree 4 agree a little 

5 strongly 

agree 

... achieved collective goals O O O O O 

... had a mutual 

understanding 
O O O O O 

... informally worked 

together 
O O O O O 

... shared the same vision 

for the company 
O O O O O 

... shared ideas, 

information, and/or 

resources 

O O O O O 
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For concept development... * 

 1 strongly 

disagree 

2 disagree a 

little 

3 neither agree 

nor disagree 4 agree a little 

5 strongly 

agree 

… the responsibilities of 

the participants were 

clearly and formally 

described 

O O O O O 

… standard operating 

procedures were in place 
O O O O O 

… standard operating 

procedures to coordinate 

activities of the participants 

(i.e., rules, guidelines, 

standard forms) were in 

place 

O O O O O 

 

 

Fuzzy front-end team and the team-leader 
The following questions relate to the team and the leader of the selected fuzzy front-end project as a whole. 

Goal setting during the selected fuzzy front-end project was done as follows: * 

Please select the most correct answer 

O 
The project manager set goals in a friendly and convincing “tell and sell” manner and a rationale for challenging 

group goals was given, without discussing the goals with the group 

O The project manager set goals within a fair group discussion about the appropriate group goal 

O 
The project manager set goals within a fair group discussion about the appropriate group goal, and this was 

combined with individual goals 

O No goals were set, the group was instructed to do their best 

 

>> This text is not shown in the questionnaire: The following question is shown if the participant answered that he or she 

was the leader of the FFE project (page 1), if not the next question is shown instead of this question. << 

As a fuzzy front-end project leader I see myself as someone who... * 

 1 strongly 

disagree 

2 disagree a 

little 

3 neither agree 

nor disagree 4 agree a little 

5 strongly 

agree 

Is original, comes up with 

new ideas 
O O O O O 

Is original, comes up with 

new ideas 
O O O O O 

Is ingenious, a deep thinker O O O O O 

Has an active imagination O O O O O 

Is inventive O O O O O 

Values artistic, aesthetic 

experiences 
O O O O O 

Prefers work that is routine O O O O O 

Likes to reflect, play with 

ideas 
O O O O O 

Has few artistic interests O O O O O 

Sophisticated in art, music, 

or literature 
O O O O O 

 

I see the leader of the fuzzy front-end project as someone who... * 

 1 strongly 

disagree 

2 disagree a 

little 

3 neither agree 

nor disagree 4 agree a little 

5 strongly 

agree 

Is original, comes up with 

new ideas 
O O O O O 

Is original, comes up with 

new ideas 
O O O O O 

Is ingenious, a deep thinker O O O O O 

Has an active imagination O O O O O 

Is inventive O O O O O 

Values artistic, aesthetic 

experiences 
O O O O O 

Prefers work that is routine O O O O O 

Likes to reflect, play with 

ideas 
O O O O O 

Has few artistic interests O O O O O 

Sophisticated in art, music, 

or literature 
O O O O O 
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Fuzzy front-end project 
The recent fuzzy front-end project was coordinated and decisions were approved… * 

O By functional managers and little, if not at all, by an assigned project manager 

O 75% by functional managers and 25% by an assigned project manager 

O 50% by functional managers and 50% by an assigned project manager 

O 25% by functional managers / 75% by an assigned project manager 

O By an assigned project manager and little, if not at all, by functional managers.  

  

For the selected fuzzy front-end project… * 

 1 strongly 

disagree 

2 disagree a 

little 

3 neither agree 

nor disagree 4 agree a little 

5 strongly 

agree 

… the project mission was 

well communicated to all 

team members 

O O O O O 

… the project mission was 

well defined for all team 

members 

O O O O O 

… the fuzzy front-end 

team had a well-defined 

mission 

O O O O O 

… the project mission was 

well understood by the 

entire team 

O O O O O 

 

For the selected fuzzy front-end project the project target clearly specified tradeoffs between ... * 

 1 strongly 

disagree 

2 disagree a 

little 

3 neither agree 

nor disagree 4 agree a little 

5 strongly 

agree 

... performance and cost O O O O O 

... time and cost O O O O O 

... quality and cost O O O O O 
 

>> This text is not shown in the questionnaire: The following page is shown if the participant answered that the recent 

FFE project, but the rest of the NPD is not finished (page 1), if the NPD is finished, the next page is shown. << 

Fuzzy front-end project (ongoing) 
Please select to what extent you agree or disagree with the following statements. * 

 1 strongly 

disagree 

2 disagree a 

little 

3 neither agree 

nor disagree 4 agree a little 

5 strongly 

agree 

The recent fuzzy front-end 

project had a strong value 

generating potential 

O O O O O 

At large, our ideation phase 

of the recent fuzzy front-

end project had a good 

cost-benefit-ratio. 

O O O O O 

 

During the selected fuzzy front-end project ... * 

 1 strongly 

disagree 

2 disagree a 

little 

3 neither agree 

nor disagree 4 agree a little 

5 strongly 

agree 

… we generated many new 

product-ideas for further 

development 

O O O O O 

… we generated 

sufficiently "good" and/or 

"right" new product-ideas 

for further development 

O O O O O 

… ideas were generated 

that will strengthen our 

competitive positioning 

O O O O O 

… ideas were generated 

that will make us able to 

strongly increase our sales 

with new products within 

the next three years 

O O O O O 

… ideas were quickly 

developed into concepts 
O O O O O 
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… resources for concept 

development were made 

available quickly 

O O O O O 

… one or more concept(s) 

were quickly converted 

into development project(s) 

O O O O O 

… the available and 

allocated budget was used 

efficiently. 

O O O O O 

… the available and 

allocated personnel 

resources (engineering-

hours) were used 

efficiently 

O O O O O 

 

The selected fuzzy front-end project will probably result in a product/service that ... * 

 1 strongly 

disagree 

2 disagree a 

little 

3 neither agree 

nor disagree 4 agree a little 

5 strongly 

agree 

... offers a new customer 

value not offered before by 

any other product 

O O O O O 

... creates a totally new 

market 
O O O O O 

... will significantly re-

shape the value chain in 

our industry 

O O O O O 

... attracts new customers 

that were never served 

before by companies in our 

industry 

O O O O O 

... can be characterized as 

being very new to the 

market 

O O O O O 

 

The selected fuzzy front-end project resulted in a concept that ... * 

 1 strongly 

disagree 

2 disagree a 

little 

3 neither agree 

nor disagree 4 agree a little 

5 strongly 

agree 

... is based on new 

technological principles 
O O O O O 

... uses a technology that 

allows significant 

performance enhancements 

O O O O O 

.... can be characterized as 

being based on very new 

technological components 

O O O O O 

 

In order to develop and introduce the new product/service that will result from the selected fuzzy front-end project, 

we will have to significantly change ... * 

 1 strongly 

disagree 

2 disagree a 

little 

3 neither agree 

nor disagree 4 agree a little 

5 strongly 

agree 

... our firm’s market 

strategy 
O O O O O 

... our organizational 

structure 
O O O O O 

... our production processes O O O O O 

... our supply chain O O O O O 

... our market-related 

processes 
O O O O O 

... our organizational 

culture 
O O O O O 
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The product/service resulting from the selected fuzzy front-end project will likely have a positive effect on ... * 

 1 strongly 

disagree 

2 disagree a 

little 

3 neither agree 

nor disagree 4 agree a little 

5 strongly 

agree 

... profitability O O O O O 

... revenues O O O O O 

... market share O O O O O 

... net present value O O O O O 

... customer satisfaction O O O O O 

 

In order to successfully introduce the new product/service that will result from the selected fuzzy front-end project 

... * 

 1 strongly 

disagree 

2 disagree a 

little 

3 neither agree 

nor disagree 4 agree a little 

5 strongly 

agree 

... a new or significantly 

altered infrastructure has to 

be established (e.g., new 

kind of power supply) 

O O O O O 

... changed industry norms 

will have to be established 
O O O O O 

... regulations will have to 

be changed 
O O O O O 

... values and norms in the 

society in general will need 

to be adapted 

O O O O O 

... external conditions have 

to undergo significant 

changes 

O O O O O 

 

 

Fuzzy front-end project (launched product) 
Please select to what extent you agree or disagree with the following statements. * 

 1 strongly 

disagree 

2 disagree a 

little 

3 neither agree 

nor disagree 4 agree a little 

5 strongly 

agree 

The recent fuzzy front-end 

project had a strong value 

generating potential 

O O O O O 

At large, our ideation phase 

of the recent fuzzy front-

end project had a good 

cost-benefit-ratio. 

O O O O O 

During the selected fuzzy front-end project ... * 

 1 strongly 

disagree 

2 disagree a 

little 

3 neither agree 

nor disagree 4 agree a little 

5 strongly 

agree 

… we generated many new 

product-ideas for further 

development 

O O O O O 

… we generated sufficiently 

"good" and/or "right" new 

product-ideas for further 

development 

O O O O O 

… ideas were generated that 

will strengthen our 

competitive positioning 

O O O O O 

… ideas were generated that 

will make us able to strongly 

increase our sales with new 

products within the next three 

years 

O O O O O 

… ideas were quickly 

developed into concepts 
O O O O O 

… resources for concept 

development were made 

available quickly 

O O O O O 

… one or more concept(s) 

were quickly converted into 

development project(s) 

O O O O O 
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… the available and allocated 

budget was used efficiently. 
O O O O O 

… the available and allocated 

personnel resources 

(engineering-hours) were 

used efficiently 

O O O O O 

 

The selected fuzzy front-end project resulted in a product/service that ... * 

 1 strongly 

disagree 

2 disagree a 

little 

3 neither agree 

nor disagree 4 agree a little 

5 strongly 

agree 

... offers a new customer 

value not offered before by 

any other product 

O O O O O 

... creates a totally new 

market 
O O O O O 

... will significantly re-

shape the value chain in 

our industry 

O O O O O 

... attracts new customers 

that were never served 

before by companies in our 

industry 

O O O O O 

... can be characterized as 

being very new to the 

market 

O O O O O 

 

The selected fuzzy front-end project resulted in a concept that ... * 

 1 strongly 

disagree 

2 disagree a 

little 

3 neither agree 

nor disagree 4 agree a little 

5 strongly 

agree 

... is based on new 

technological principles 
O O O O O 

... uses a technology that 

allows significant 

performance enhancements 

O O O O O 

.... can be characterized as 

being based on very new 

technological components 

O O O O O 

 

In order to develop and introduce the new product/service that will result from the selected fuzzy front-end project, 

we will have to significantly change ... * 

 1 strongly 

disagree 

2 disagree a 

little 

3 neither agree 

nor disagree 4 agree a little 

5 strongly 

agree 

... our firm’s market 

strategy 
O O O O O 

... our organizational 

structure 
O O O O O 

... our production processes O O O O O 

... our supply chain O O O O O 

... our market-related 

processes 
O O O O O 

... our organizational 

culture 
O O O O O 

 

The product/service resulting from the selected fuzzy front-end project will likely have a positive effect on ... * 

 1 strongly 

disagree 

2 disagree a 

little 

3 neither agree 

nor disagree 4 agree a little 

5 strongly 

agree 

... profitability O O O O O 

... revenues O O O O O 

... market share O O O O O 

... net present value O O O O O 

... customer satisfaction O O O O O 
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In order to successfully introduce the new product/service that resulted from the selected fuzzy front-end project ... 

* 

 1 strongly 

disagree 

2 disagree a 

little 

3 neither agree 

nor disagree 4 agree a little 

5 strongly 

agree 

... a new or significantly 

altered infrastructure had to 

be established (e.g., new 

kind of power supply) 

O O O O O 

... changed industry norms 

will have to be established 
O O O O O 

... regulations had to be 

changed 
O O O O O 

... values and norms in the 

society in general needed 

to be adapted 

O O O O O 

... external conditions had 

to undergo significant 

changes 

O O O O O 

 

 

Company details 
What is the number of employees working at your company? * 

O < 10 

O 11 - 50 

O 51 - 250 

O 251 - 1000 

O 1001 - 5000 

O 5001 - 10 000 

O > 10 000 

 

In what industry is your company active? * 

____Please choose… \/_____ 

 

In what country are you working? * 

____Please choose… \/_____ 

 

What is your company's mix in terms of selling to the consumer market and business-to-business (B-to-B) market?  

O Virtually all consumer Markets and little, if any, B-to-B 

O 75% Consumer and 25% B-to-B 

O 50% Consumer and 50% B-to-B 

O 25% Consumer and 75% B-to-B 

O Virtually all B-to-B Markets and little, if any Consumer 

 

In terms of technology, my company is considered to be: * 

O High tech and little, if any, low tech 

O 75% high tech and 25% low tech 

O 50% high tech and 50% low tech 

O 25% high tech and 75% low tech 

O Low tech and little, if any, high tech 

 

What percent of your company's total new product development budget is spent on goods and what percent is spent 

on services? * 

O Virtually all goods and little, if any, services 

O 75% goods and 25% services 

O 50% goods and 50% services 

O 25% goods and 75% services 

O Virtually all services and little, if any, goods 

 

Demographics 
Your age? * 

O Under 25 years 

O 25 - 34 years 

O 35 - 44 years 

O 45 - 54 years 

O 55 - 64 years 

O 65 or older 
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Your gender? * 

O Male 

O Female 

 

Your highest educational degree? * 

O Trade / technical / vocational training 

O Associate degree 

O Bachelor's degree 

O Master's degree 

O Professional degree 

O Doctorate degree 

 

Your main functional background? * 

O Engineering 

O Marketing 

O Manufacturing 

O Sales 

O Design 

O Finance 

O Purchase 

O Other:_______________ 

 

Your experience in the fuzzy front-end in years? * 

to fill in an answer with decimals, please use a dot 

_____________________________________________ 

 

Thank you! 
Your e-mail address: 

If you want to receive an executive summary with the main findings of my Master thesis, please fill in your e-mail address 

_____________________________________________ 

 

I really appreciate that you took some time to fill out this questionnaire and help me with my master thesis. I will donate a 

fruit tree for your completion of this survey. Please feel free to send this questionnaire to anyone in another subdivision, or 

another company who you think is part of a fuzzy front-end team and could have some useful insights for me.  

If you have questions regarding this questionnaire or my master thesis project, feel free to contact me.  

w.a.gravesteijn@student.tue.nl 

+31 * *** ** *** 

 

Wouter Gravesteijn 
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Appendix B – Factor analyses   
Table 41 – Coding for cross-functional collaboration measures 

Variable Measure 

 In * the functions involved ... 

COL_**1 ... achieved collective goals 

COL_**2 ... had a mutual understanding 

COL_**3 ... informally worked together 

COL_**4 … shared the same vision for the company 

COL_**5 … shared ideas, information, and/or resources 

Question asked for all phases, * applicable FFE phase, replace ** with the abbreviation for the stage (OA, OI, IG, 

IS, CD) 

 
Table 42 – Coding for formalization measures  

Variable Measure 

 For *... 

FORM_**1 … the responsibilities of the participants are clearly and formally described. 

FORM_**2 … the standard operating procedures for processes are in place. 

FORM_**3 
… standard operating procedures to coordinate activities of the participants (i.e., rules, 

guidelines, standard forms) are in place. 

FORM_[OA/IS]4 We apply a predefined procedure for evaluating product/service [ideas/opportunities]. 

FORM_[OA/IS]5 
We apply a predefined and comprehensive set of evaluation criteria for evaluating 

product/service [ideas/opportunities]. 

FORM_[OA/IS]6 
We apply comprehensible evaluation tools for evaluating product/service 

[ideas/opportunities] (such as scoring models or check lists). 

FORM_[OA/IS]7 
The decision-making process is transparent for all participants of the [idea 

generation/opportunity identification] phase. 

Question asked for all phases, replace * with applicable phase, replace ** with the abbreviation for the phase (OA, 

OI, IG, IS, CD). For OA and IS between brackets should be replaced to what is applicable for that stage.  

  
Table 43 – Pattern matrix – Cross-functional collaboration and process formalization in OI 
 Component 

COL_OI FORM_OI 

Cronbach’s Alpha: .713 Spearman-Brown: .867 

COL_OI2 .820 -.192 

COL_OI4 .772 -.305 

COL_OI5 .725 -.331 

COL_OI3 .609 .152 

FORM_OI3 .162 -.927 

FORM_OI2 .254 -.919 

Extraction Method: Principal Component Analysis.  

Rotation Method: Oblimin with Kaiser Normalization. 

Rotation converged in 6 iterations. 

**. Correlation is significant at the 0.01 level (2-tailed). 

 
Table 44 – Pattern matrix – Cross-functional collaboration and process formalization in OA 

 

Component 

COL_OA 

Cronbach’s Alpha: .817 

FORM_OA 

Cronbach’s Alpha: .916 

COL_OA4 .783 -.001 

COL_OA5 .772 -.158 

COL_OA2 .770 -.043 

COL_OA3 .746 .101 

COL_OA1 .697 .010 

FORM_OA5 .033 -.956 

FORM_OA6 -.053 -.920 

FORM_OA4 .046 -.888 

Extraction Method: Principal Component Analysis.  

Rotation Method: Oblimin with Kaiser Normalization. 

a. Rotation converged in 4 iterations. 
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Table 45 – Pattern matrix – Cross-functional collaboration and process formalization in IG 

 

Component 

COL_IG 

Cronbach’s Alpha: .847 

FORM_IG 

Cronbach’s Alpha: .904 

COL_IG2 .880 .186 

COL_IG3 .797 .044 

COL_IG1 .784 .273 

COL_IG5 .781 .269 

COL_IG4 .711 .322 

FORM_IG2 .242 .938 

FORM_IG3 .281 .929 

FORM_IG1 .223 .874 

Extraction Method: Principal Component Analysis.  

Rotation Method: Oblimin with Kaiser Normalization. 

a. Rotation converged in 4 iterations. 

 
Table 46 – Pattern matrix – Cross-functional collaboration and process formalization in IS  

 

Component 

COL_IS 

Cronbach’s Alpha: .917 

FORM_IS 

Cronbach’s Alpha: .818 

FORM_IS3 .904 -.126 

FORM_IS2 .885 -.060 

FORM_IS4 .876 .026 

FORM_IS5 .803 .111 

FORM_IS6 .784 .053 

FORM_IS1 .762 .079 

COL_IS2 -.037 .890 

COL_IS5 .086 .807 

COL_IS3 -.202 .771 

COL_IS1 .178 .703 

COL_IS4 .126 .630 

Extraction Method: Principal Component Analysis.  

Rotation Method: Oblimin with Kaiser Normalization. 

a. Rotation converged in 4 iterations. 

 
Table 47 – Pattern matrix – Cross-functional collaboration and process formalization in CD 

 

Component 

COL_CD 

Cronbach’s Alpha: .784 

FORM_CD 

Cronbach’s Alpha: .909 

COL_CD2 .871 .142 

COL_CD3 .789 .236 

COL_CD4 .726 -.228 

COL_CD5 .697 -.176 

COL_CD1 .564 -.060 

FORM_CD2 -.037 -.971 

FORM_CD3 -.030 -.939 

FORM_CD1 .099 -.820 

Extraction Method: Principal Component Analysis.  

Rotation Method: Oblimin with Kaiser Normalization. 

a. Rotation converged in 6 iterations. 
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Table 48 – Coding for leaders’ openness to experience measures 

Variable Measure 

 As a fuzzy front-end project leader I see myself as someone who... / I see the leader of the fuzzy 

front-end project as someone who…  

LDROPN1 Is original, comes up with new ideas 

LDROPN2 Is curious about many different things 

LDROPN3 Is ingenious, a deep thinker 

LDROPN4 Has an active imagination 

LDROPN5 Is inventive 

LDROPN6 Values artistic, aesthetic experiences 

LDROPN7 Prefers work that is routine (reversed) 

LDROPN8 Likes to reflect, play with ideas 

LDROPN9 Has few artistic interests (reversed) 

LDROPN10 Sophisticated in art, music, or literature 

Measures adapted from Oliver P. John & Srivastava (1999) 

 
Table 49 – Coding for shared project mission measures 

Variable Measure 

 For the selected fuzzy front-end project... 

SHMISS1 … the project mission was well communicated to all team members 

SHMISS2 … the project mission was well defined for all team members 

SHMISS3 … the fuzzy front-end team had a well-defined mission 

SHMISS4 … the project mission was well understood by the entire team 

Measures adapted from Rauniar et al. (2008) 

 
Table 50 – Pattern matrix - Shared project mission and leaders’ openness to experience 
 

Component 

LDROPEN SHARED_MISSION 

Cronbach’s Alpha: .807 Cronbach’s Alpha: .882 

LDROPN1  .812 -.002 

LDROPN5  .798 .100 

LDROPN6  .740 -.182 

LDROPN4  .726 .126 

LDROPN3  .644 -.089 

LDROPN2  .522 -.055 

SHMISS4 .008 -.886 

SHMISS2 -.051 -.854 

SHMISS3 .072 -.852 

SHMISS1 .008 -.849 

Extraction Method: Principal Component Analysis.  

Rotation Method: Oblimin with Kaiser Normalization. 

Rotation converged in 6 iterations. 

**. Correlation is significant at the 0.01 level (2-tailed). 
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Table 51 – Innovativeness measures 

Variable Measure 

 

In order to successfully introduce the new product/service that will result from the selected fuzzy 

front-end project … 

INNOENV1 ... a new or significantly altered infrastructure has to be established (e.g., new kind of power supply) 

INNOENV2 ... changed industry norms will have to be established 

INNOENV3 ... regulations will have to be changed 

INNOENV4 ... values and norms in the society in general will need to be adapted 

INNOENV5 ... external conditions have to undergo significant changes 

 

In order to develop and introduce the new product/service that will result from the selected fuzzy 

front-end project, we had to significantly change ... 

INNOINT1 ... our firm’s market strategy 

INNOINT2 ... our organizational structure 

INNOINT3 ... our production processes 

INNOINT4 ... our supply chain 

INNOINT5 ... our market-related processes 

INNOINT6 ... our organizational culture 

 The selected fuzzy front-end project will probably result in a product/service that ... 

INNOMAR1 ... offers a new customer value not offered before by any other product 

INNOMAR2 ... creates a totally new market 

INNOMAR3 ... will significantly re-shape the value chain in our industry 

INNOMAR4 ... attracts new customers that were never served before by companies in our industry 

INNOMAR5 ... can be characterized as being very new to the market 

 

The product/service resulting from the selected fuzzy front-end project will likely have a positive 

effect on ...  

INNOPER1 ... profitability 

INNOPER2 ... revenues 

INNOPER3 ... market share 

INNOPER4 ... net present value 

INNOPER5 ... customer satisfaction 

 The selected fuzzy front-end project resulted in a concept that ... 

INNOTEC1 ... is based on new technological principles 

INNOTEC2 ... uses a technology that allows significant performance enhancements 

INNOTEC3 .... can be characterized as being based on very new technological components 

Measures adapted from Schultz et al. (2013) 

 
Table 52 – Pattern matrix - Innovativeness facets 

 

Component 

INNOMAR INNOINTO INNOPER INNOENV INNOTEC INNOINTM 

Cronbach’s 

Alpha 

.778 

Cronbach’s 

Alpha 

.812 

Cronbach’s 

Alpha 

.865 

Cronbach’s 

Alpha 

.852 

Cronbach’s 

Alpha 

.781 

Spearman-

Brown 

.390 

INNOMAR1  .784 -.054 -.012 .243 -.005 -.006 

INNOMAR5  .750 -.099 -.050 -.152 .201 .181 

INNOMAR2  .717 .047 .010 -.093 .124 -.086 

INNOMAR3  .622 .051 .055 -.228 -.001 -.060 

INNOMAR4  .480 -.079 .130 -.255 -.185 -.313 

INNOINT4  -.056 .887 .163 -.034 -.137 .056 

INNOINT3  -.047 .881 .059 -.139 -.106 .017 

INNOINT6  .023 .706 -.239 .016 .188 -.252 

INNOPER2  -.191 .022 .867 -.017 .044 -.184 

INNOPER1  .030 -.016 .849 -.060 -.035 -.115 

INNOPER3  .062 .114 .818 .051 -.022 .178 

INNOPER4  .087 -.075 .795 -.005 .146 .085 

INNOENV5  -.198 -.010 -.045 -.872 .216 .006 

INNOENV4  .027 .125 .026 -.836 .017 .051 

INNOENV3  .204 .013 -.008 -.807 -.005 .004 

INNOENV2  .131 .020 .082 -.723 -.092 -.056 

INNOTEC1  .129 .017 -.022 -.136 .859 .004 

INNOTEC3  -.063 -.186 .080 -.107 .873 -.138 
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INNOTEC2  .240 .159 .265 .205 .544 .170 

INNOINT1  .011 -.025 .032 -.066 -.027 -.885 

INNOINT5  .074 .336 .020 .203 .193 -.683 

Extraction Method: Principal Component Analysis.  

Rotation Method: Oblimin with Kaiser Normalization. 

Rotation converged in 9 iterations. 

**. Correlation is significant at the 0.01 level (2-tailed). 

 
Table 53 – FFE success measures 

Variable Measure 

 During the selected fuzzy front-end project ...  

EFFE1 … we generated many new product-ideas for further development 

EFFE2 … we generated sufficiently "good" and/or "right" new product-ideas for further development 

EFFE3 … ideas were generated that will strengthen our competitive positioning 

EFFE4 
… ideas were generated that will make us able to strongly increase our sales with new products within 

the next three years 

EFFE5    The recent fuzzy front-end project had a strong value generating potential 

 During the selected fuzzy front-end project ... 

EFFI1 … the available and allocated budget was used efficiently. 

EFFI2 … the available and allocated personnel resources (engineering-hours) were used efficiently 

EFFI3 At large, our ideation phase of the recent fuzzy front-end project had a good cost-benefit-ratio. 

 During the selected fuzzy front-end project ... 

SPD1 … ideas were quickly developed into concepts 

SPD2 … resources for concept development were made available quickly 

SPD3 … one or more concept(s) were quickly converted into development project(s) 

Measures adapted from Kock et al. (2015) 

 
Table 54 – Pattern matrix - FFE success measures 

 

Component 

FFE_EFFI FFE_EFFEQ FFE_EFFEV FFE_SPD 

Spearman-Brown  

.868 

Spearman-Brown 

.535 

Cronbach’s Alpha 

.497 

Spearman-Brown  

.759 

EFFI2  .909 -.018 -.053 -.064 

EFFI1  .860 -.052 .101 -.181 

EFFE1  -.192 .903 -.093 -.188 

EFFE2  .310 .678 .228 .177 

EFFE4  -.248 -.145 .760 -.196 

EFFE3  .141 .199 .747 .200 

EFFE5  .155 .007 .569 -.068 

SPD1  -.005 .085 .147 -.851 

SPD2  .284 .049 -.049 -.798 

Extraction Method: Principal Component Analysis.  

 Rotation Method: Oblimin with Kaiser Normalization. 

Rotation converged in 8 iterations. 

**. Correlation is significant at the 0.01 level (2-tailed). 
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Appendix C – Correlation matrix potential control variables  
 
  

 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

                     

1.FFE effectiveness quantity 1                   
 

2.FFE effectiveness quality .210 1                  
 

3.FFE efficiency .235* .269* 1                 
 

4.FFE speed .151 .268* .386** 1                
 

5.Cross-functional 

collaboration in the FFE 
.085 .396** .568** .434** 1               

 

6.Formalization in the FFE -.066 .287* .194 .230 .371** 1              
 

Innovativeness:                    
 

7.environment .007 .025 -.038 -.078 -.096 .076 1             
 

8.firm-internal market .193 .028 .033 .080 -.063 -.054 .151 1            
 

9.firm-internal operations .202 .033 -.124 -.043 -.205 -.176 .123 .425** 1           
 

10.market .201 .308** .113 -.046 .078 .122 .390** .202 -.029 1          
 

11.performance .222* .342** .129 -.013 -.009 .178 .156 .095 .130 .252* 1         
 

12.technology .243* .234* .292** .087 .118 .265* .164 .130 .007 .385** .295** 1        
 

13.Projectization .055 .048 .173 -.097 .031 -.102 .083 -.201 -.245* .001 .019 -.145 1       
 

14.Project status -.148 .047 .010 .011 -.011 .073 .030 -.096 -.210 .064 -.176 -.119 .145 1      
 

15.Project duration .157 .000 .038 .025 -.039 -.019 -.117 .131 -.008 .049 -.104 .271* -.108 -.112 1     
 

16.Teamsize (FFE average) .106 .182 -.175 -.042 -.175 .014 -.069 .096 .131 -.014 .048 .014 -.038 -.229 -.002 1    
 

17.Initiatior involvement  -.101 .086 -.004 .120 .040 -.063 .074 .022 .038 -.081 -.032 -.003 -.200 -.110 .268* .042 1   
 

18.Low-tech vs High-tech .177 .345** .171 -.091 .048 .086 -.088 .134 -.124 .380** .089 .292** .158 .000 .115 .193 0.000 1  
 

19.Company size .075 .140 .151 -.172 .127 .112 -.294** -.211 -.022 -.087 .010 .050 .029 .010 -.088 .279* -.130 .290** 1 
 

20.B-to-C vs B-to-B -.154 -.100 .058 .114 .162 .142 .011 -.103 -.079 -.034 -.043 -.131 .057 -.020 -.185 .040 -.038 -.142 .037 1 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 
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