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MANAGEMENT SUMMARY 

Fast moving consumer goods firms need to design, develop and launch products onto the market 

faster than ever in order to stay competitive. Acceleration of new product development (NPD) 

cycle time is desired because customers are more demanding in terms of their needs and wants, 

product life cycles are shortening and global competition is increasing (Eling, Langerak & Griffin, 

2013; Calantone & Di Benedetto, 2000). Cycle time is the time it takes from generating a product 

idea to finally launch the product onto the market (Cankurtaran, Langerak & Griffin, 2013). A lot 

of research is published on NPD cycle time acceleration. One of the concepts within this subject is 

the use of methods and techniques to accelerate NPD cycle time. The latest study that presented 

an overview of 50 methods and techniques accelerating cycle time was published in 1999 by 

Langerak, Peelen and Nijssen. Meanwhile, new methods and techniques have been discovered like 

scrum, design thinking and lean product development. Therefore, our study presents an updated 

and extended overview. Moreover, the study applies a stage-wise approach. A stage-wise 

approach is deemed useful, because it has emerged that cycle time and the effectiveness of 

reducing cycle time differs in the separate NPD stages (Eling et al., 2013; Bendoly & Chao, 2016). 

Therefore, this research aims to answer the following research question: “Which methods and 

techniques can NPD project managers use best at which stage of the NPD process to accelerate cycle 

time?”. 

The research exposed that the methods and techniques shown in Figure 1 can best be used in the 

separate stages of the NPD process in FMCG firms to accelerate cycle time. For all these methods 

and  techniques, it has been indicated in the literature that they can accelerate NPD cycle time by 

implementation.  

 

Figure 1 Most effective methods and techniques to accelerate NPD cycle time 

The results imply that project managers should use methods and techniques from the top five lists 

in order to achieve the most effective time savings in the NPD process. To choose the right method 

or technique from the top 5, it is important that project managers first determine the stage in the 

NPD process with the most delays. This will create awareness and urgency for change among the 

project managers and the project team (Kotter & Cohen, 2012). Subsequently, the project 

managers should decide whether to implement methods and techniques applicable at all the 

stages or only at a specific stage. This decision can be made based on the following criteria: 

efficiency, time–cost trade-offs, time–quality trade-offs and in-house knowledge. To finally 

implement the chosen method or technique, project managers are advised to use the eight steps 

of Kotter and Cohen (2012) to create an environment for change, and the method-specific 

implementation approaches such as the use of project champions and key players to successfully 

achieve time savings in the NPD process.  

Additionally, the results contribute to the literature in several ways. Firstly, the study updates and 

extends the last published overview of methods and techniques accelerating NPD cycle time given 
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by Langerak et al. (1999). Moreover, it assigns the revealed methods and techniques into the 

stages of the NPD process (Eling et al., 2013; Bendoly & Chao, 2016). Furthermore, the research 

determines a top 5 of the most effective methods and techniques to achieve the most time savings 

in the NPD process (Griffin, Langerak & Eling, 2019; Eling et al., 2013). Lastly, the study provides 

insights into the level of methods and techniques. The Open-Stage-Gate model is determined to be 

the most effective in the creation stage instead of the whole process (Cooper, 2008; Grönland, 

Sjödin & Frishammar, 2010). Recently identified acceleration tools such as pitch night, innovation 

garage, digital twins and VR hackathons are not included as most effective methods to accelerate 

the NPD process which was not expected (Brossard , Erntell & Hepp, 2018).  

 

The results were obtained by conducting extensive literature research. Existing methods and 

techniques obtained from the article by Langerak et al. (1999) have been complemented with new 

methods and techniques. Subsequently, a sorting and ranking task are performed with 22 

practitioners to obtain a compressed set of methods and techniques which are most effective in 

accelerating NPD cycle time in the separate stages of the NPD process. These results are analysed 

with reliability measures, consensus rate and standard deviation.  
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1 INTRODUCTION 

Fast moving consumer goods (FMCG) firms are under pressure. They need to produce and deliver 

innovative products faster and faster. Shortening product life cycles, growing customer needs and 

the increasing intensity of global competition are the thriving factors causing this pressure (Eling, 

Langerak & Griffin, 2013; Calantone & Di Benedetto, 2000). Thus, new product development 

(NPD) is vital if fast moving consumer goods firms wish to stay competitive. Cycle time is the 

characteristic that is given the most attention in new product development. NPD cycle time is the 

time it takes from generating an idea to finally launching a product on the market (Cankurtaran, 

Langerak & Griffin, 2013). With a short NPD cycle time FMCG companies can gain a first mover 

advantage, as their products can be earlier introduced to the market (Gupta, Brockhoff & 

Weisenfeld, 1992). The importance of this is also highlighted in an empirical study at FMCG 

companies by Kodak (2009). They state that accelerating NPD cycle time in fast moving consumer 

goods companies is a strategic imperative to increase market share and improve brand image. By 

optimising processes, FMCG companies decreased their NPD cycle time by 25 – 50% which had a 

positive impact on their market share and revenue (Kodak, 2009).  

 

Accelerating cycle time first received attention in the mid-1980s, when several researchers 

suggested that a shorter cycle time could result in competitive advantage (Takeuchi & Nonaka, 

1986). From the mid-eighties onwards, several literatures were published related to accelerating 

cycle time (Griffin, Langerak & Eling, 2019). One concept within this literature was the use of 

methods and techniques to accelerate NPD cycle time. Several studies identified tools, methods 

and techniques and grouped them in general acceleration approaches (Griffin et al., 2019). 

However, the last study which gave an overview of methods and techniques to accelerate cycle 

time was performed by Langerak, Peelen and Nijssen in 1999. In this article, they reviewed 50 

acceleration methods and techniques, identifying nine NPD acceleration approaches and sorting 

the methods and techniques into those approaches. Subsequently, they placed the approaches in 

a logical and purposeful implementation sequence. This master thesis research will update and 

extend the overview of methods and techniques with additional ones from the past twenty years 

that can help speed up the NPD process. A number of these new methods and techniques are 

scrum, design thinking and co-creation. These methods are already used by 50% of the companies 

who operate in the manufacturing, consumer goods and chemical industries according to 

PricewaterhouseCoopers as of 2019 (Geissbauer et al., 2019).  

 

In addition, this master thesis research examines which methods and techniques can best be used 

at a certain stage of the NPD process. This is a unique contribution, because no stage-wise 

approach has previously been applied towards methods and techniques that accelerate cycle time. 

Furthermore, a stage-wise approach is proven to be useful towards cycle time. Eling et al. (2013) 

took a stage-wise approach to NPD cycle time and discovered that companies tend to adopt 

different mechanisms for cycle time reduction at the different NPD stages. Therefore, they 

suggested that it is better to apply a stage-wise approach towards cycle time than a monolithic 

process perspective. The importance of a stage-wise approach to NPD cycle time is also confirmed 

by Bendoly and Chao (2016). Their research showed that there is a difference in the effectiveness 

of cycle time reduction at the different stages. Therefore, it is helpful to distinguish between the 

stages within the product development process. 
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In order to combine both of these theoretical contributions, this study identifies new methods and 

techniques accelerating NPD cycle time and examines which of them to use at which stage of the 

NPD process. This has led to the following research question: “Which methods and techniques can 

NPD project managers use best at which stage of the NPD process to accelerate cycle time?”. 

 

The evidence for this thesis was mainly gathered from a project-and portfolio management team 

of a global FMCG company with their headquarters in the Netherlands. The company develops, 

produces and distributes fast moving consumer goods in a highly competitive market. The goal of 

the company is to grow their market position and scale their products within the current market. 

However, one business group within the organisation noticed they often lagged behind the 

competition when introducing new products into the market. Therefore, they wished to accelerate 

the cycle time of their NPD process. The business group has an NPD process based on Cooper’s 

Stage-Gate® model (2008). Therefore, the company serves as a good case study to apply a stage-

wise approach on methods and techniques accelerating cycle time.  

 

The remainder of this report is structured as follows. The next section presents the methodology 

of the study. This section describes the procedures of the literature review and the empirical 

analysis. In order to understand the outcome of the literature review and the empirical analysis, 

it is decided to start with the methodology section. Subsequently, the third chapter aims to review 

the current literature on cycle time acceleration and to gather new methods and techniques which 

accelerate NPD cycle time. After the literature review, the empirical analysis is given presenting 

and reviewing the results of the sorting and ranking task. Finally, the conclusion and discussion 

are given in the last chapter. This chapter offers an answer to the research question, shows 

theoretical and managerial contributions, discusses the limitations of the study and proposes 

suggestions for future research.  
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2 METHODOLOGY 

This chapter discusses the research design of the study. The first paragraph explains the research 

design in more detail. The second paragraph elaborates on the theoretical research, specifically 

how the literature review was conducted. The third paragraph discusses how the empirical 

research was designed and performed.  

2.1 Research design 
The research design of the master thesis consists of three parts. First, a review of the current 

literature on NPD cycle time acceleration aimed to gather new methods and techniques, resulting 

in a list of 89 methods and techniques. Second, an assortment task was conducted on the gathered 

methods and techniques, which were sorted per NPD stage by experts within the case firm. Third, 

a ranking task on the methods and techniques which are most effective to achieve time savings in 

the NPD process was then conducted. 

Figure 2 shows a representation of the research design. The blue square is the theoretical research 

which contains the literature review; the grey square is the empirical research which contains the 

sorting and ranking tasks.  

 

Figure 2 Research design 

2.2 Theoretical research 
The literature review applied in this research follows a systematic approach in order to ensure a 

complete and thorough review. The literature review is used to review the current literature on 

cycle time acceleration and to gather new methods and techniques which accelerate NPD cycle 

time. This was done, because in the past twenty years no articles have been published which give 

an overview of methods and techniques accelerating cycle time. A literature review allows the 

possibility of searching for new methods and techniques.  

 

2.2.1 Design of literature review 
Inclusion criteria were applied to find the right literature. The criteria are displayed in Table 1. 

The articles were peer-reviewed and derived from journals, trade magazines and conference 
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proceedings. The articles were chosen to be included when the topic or field of study was related 

to business management, economics, engineering, computer sciences and decision sciences. All 

the articles used for the literature review on new methods and techniques were published in the 

time period from 2000 to 2019. For the review on the current literature of cycle time acceleration, 

articles before 2000 were also used.  

An article was chosen to be included in the literature review if it specifically discussed methods 

and techniques applicable on new product development. Furthermore, the article had to mention 

implementation of the methods or techniques and whether they resulted in cycle time 

acceleration or reduction. References to other concepts in the literature which have a comparable 

definition as NPD cycle time were also taken into account, such as; product development time, 

project completion time, lead time, innovation time, total time and time-to-market (Cankurtaran 

et al., 2013). 

 
Table 1 Inclusion criteria for finding articles 

 

 

 

 

 

 

 

 

 

Through explorative reading on the subject of cycle time acceleration in NPD processes, some key 

words emerged. The three main key words used for the literature review were: new product 

development, Stage-Gate® and project management. From these key words, multiple search 

queries were formed (see Table 2).  

 
Table 2 Key words and search queries 

 

The search queries were applied to two search engines to find the articles: Elsevier Scopus and 

Google Scholar. In Scopus, the abstract was assessed in order to evaluate the usefulness of the 

article. Besides these search engines, five journals and four trade journals were used to search for 

relevant articles. The journals were chosen as top journals based on their impact and influence in 

the research fields innovation- and project management (Linton & Thongpapanl, 2004; Kwak & 

Inclusion criteria 

Peer reviewed articles 

Journals 

Trade magazines 

English written 

Relevant topic 

Period: 2000 – present 

Number of journal citations: > 20 

Key words Search query 

New Product Development (NPD) Acceleration of NPD 

Methods and tools in NPD 

Agile product development 

Lean product development 

ICT tools in NPD 

Stage-Gate® Acceleration tools within Stage-Gate® 

Agile Stage-Gate® 

Lean Stage-Gate® 

Project Management Project management tools 

Project management methods 

Accelerating project management   
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Anbari, 2009). The trade journals were chosen because they could provide more empirical 

research into new methods and techniques. The chosen trade journals are amongst the best in 

their research field with impact factors ranging from 2.190 to 13.210. McKinsey Quarterly has a 

lower impact factor, but was chosen because of its focus and years of experience on global 

management challenges and solutions.  

The journals and trade journals are represented in Table 3. The abstract of each article was read 

to examine whether it would be suitable for the literature review. Additional, forward and 

backward snowballing is used as a continuous method to find more relevant articles.  

 
Table 3 Search methods  

Search engines: Journals: Trade journals: 

Elsevier Scopus International Journal of Project 

Management 

California Management 

Review  

Google Scholar Journal of Product Innovation 

Management 

Harvard Business Review 

 Project Management Journal McKinsey Quarterly 

R&D Management Sloan Management Review 

Technovation  

 

2.3  Empirical research 
In the empirical analysis is investigated by an expert panel revolved around which methods and 

techniques could best be used at which stage of the NPD process to accelerate NPD cycle time. 

Empirical research was conducted in the form of assortment tasks. One assortment task was to 

sort the methods and techniques into the NPD stages, and one to rank the most effective methods 

and techniques. 1 

 

2.3.1 Unit of analysis 
The methods and techniques derived from the literature were assessed on their effectiveness in 

the NPD stages by an expert panel. The experts came from a global fast moving consumer goods 

company with their headquarters located in the Netherlands. The company works with an NPD 

process derived from Cooper’s Stage-Gate® model, which divides the NPD process into five stages: 

scoping, build business case, development, testing & validation and launch (Cooper, 2008). The 

company works with the stages: orientation, creation, preparation and implementation. The 

orientation stage corresponds with the first two stages of the Stage-Gate® model. Figure 3 shows 

the NPD process of the company compared to Cooper’s Stage-Gate® model.  

                                                             
1 The empirical research started off with a grouping task by two project managers to structure the methods 
and techniques in the general acceleration approaches of Langerak et al. (1999). However, the results were 
not sufficient to take this grouping into further consideration in the analysis.  
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Figure 3 New product development process case company 

The company aims to launch their products on the market faster, because of shortening product 

life cycles and increasing competitiveness. Therefore, the company wants to accelerate the NPD 

cycle time in one of their business units to improve their competitive position. Research into the 

company’s project data confirmed the need for acceleration, since the actual cycle time takes twice 

as long as the planned cycle time. The delay is greatest at the orientation stage. The extensive cycle 

time analysis of the company is not disclosed in this study, but is revealed to the company.  

A total of 22 people were approached to participate in the empirical research. The empirical 

research is split into two parts: a sorting task and a ranking task. For the sorting task, three project 

managers of the company with 12 – 20 years’ experience in project management were 

approached. For the validation of the sorting task, an external expert in product development 

outside the company was approached. For the second part of the empirical research, 21 people 

(including the three project managers from the sorting task) were approached to participate in 

the ranking task. More than half of the participants came from the business unit's project 

management team. This team has general project managers and R&D leads who are located in the 

Netherlands, China, and Singapore. In order to get input from other functions within the NPD 

process as well, a number of people were also approached within marketing, sales and supply 

chain. The response rate was 95% and 95% of the gained data was useful for the analysis. Table 4 

provides an overview of the resources, input and output of the empirical research. 

Table 4 Resources, input and output empirical research 

# Task Participants Input Output 

1 Sorting methods 

and techniques 

into NPD stages 

Project manager development 

(1), project manager PPM (1) & 

project and portfolio manager 

PPM  

List of 89 methods 

and techniques to 

accelerate NPD 

cycle time 

60 methods and 

techniques 

sorted into NPD 

stages, 29 

unclear 

2 Validation of 

sorting 

External expert in product 

development 

29 methods or 

techniques with no 

consensus between 

experts 

All methods and 

techniques 

sorted into NPD 

stages  

3 Ranking methods 

and techniques to 

most amount of 

time saved 

Project managers PPM (11), 

Directors PPM team (2), 

Product managers (3), 

Marketing services manager 

(1), Manager sales (1), Category 

marketing manager (1), 

Development specialist (1) & 

Plan and deliver manager (1)  

Methods and 

techniques sorted: 

orientation (16) – 

creation (19) – 

preparation (6) – 

implementation (2) 

– all (46) 

Top 5 for each 

stage of most 

effective 

methods/ 

techniques to 

accelerate cycle 

time 
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2.3.2 Data collection  
In the first section of the empirical analysis, a sorting task is used to group the gathered methods 

and techniques per NPD stage by experts. In a sorting task, subjects sort stimuli at a stage of the 

NPD process based on similarity (Bijmolt & Wedel, 1995). A closed card sorting was chosen to be 

performed. This is a technique in which participants place content cards in a provided set of 

categories (Spencer, 2009). Due to the Coronavirus, physical card sorting was not possible, 

therefore the methods and techniques are not given on cards but on a digital list (see Figure 4).  

The panel consisted of three experts with 12 – 20 years’ experience in project management. The 

experts received a document with all the methods and techniques and an option to choose one of 

the company’s NPD stages per method or technique. The experts had to choose at which stage of 

the NPD stage each method or technique would be most effective. Effectiveness was defined as 

the degree to which the use of a certain method or technique is successful in achieving time 

savings in the NPD process. The document also included a definition list to ensure that all the 

experts had the same background information (Davis, 1992). An example of the sorting task is 

shown in Figure 4. It demonstrates the NPD process of the company and how the cards can be 

placed in this process.  

 
Figure 4 Example sorting task 

In the second section of the empirical research, data was collected through a ranking task. The 

ranking task was used to rank the methods and techniques in the NPD stages by amount of time 

saved. The task is performed through two online workshops. The participants were divided into 

two groups. The workshop started with a plenary introduction about the research and the goal of 

the workshop. Subsequently, an explanation was given about the online tool (Miro) and the 

ranking task. Hereafter, the participants had to perform the ranking task individually. All the 

participants received a personal and unique link to the online tool to prevent them being 

influenced by others. The ranking task consisted of eight frames. A frame is comparable with a 

page of grouped information which you can easily switch between. The first frame included an 

introduction to the research and some introductory questions to gain background information 

from the participants about their experience in project management. The second frame contained 

a definition list of the methods and techniques to ensure that the participants had the same 

background information. Frames three to seven represented one stage of the NPD process; 

orientation, creation, preparation, implementation, or all stages. Such a frame consisted of notes 

with methods and techniques which could be used at that certain stage to accelerate the cycle 

time. Firstly, the participants had the option to place some of the methods and techniques in a box 

when they thought that a certain method or technique did not contribute to the acceleration of 

the cycle time. Subsequently, the participants could place five remaining methods which are most 

effective in accelerating cycle time in the ranking box. A top 5 was used, because research shows 

that lists help to process information (Hammond, 2015). Furthermore, an average of seven (+/- 
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2) pieces of information can be remembered in the short term according to psychological research 

(Nickerson, 1965). More importantly, the case firm works regularly with top 5 lists in order to get 

people focused. The last frame consisted of a closing question and space for feedback. An example 

of the ranking task is shown in Figure 5. For the full template of the ranking task in the online tool, 

see Appendix 1.  

 

Figure 5 Example ranking task; frame 3 orientation stage 

2.3.2.1 Scope 

Implementation of methods and techniques can result in time-cost and time-quality trade-offs 

(Gupta et al., 1992; Crawford, 1992; Bayus, 1997; McNally, Akdeniz & Calantone, 2011; Lukas & 

Menon, 2004). Although, for the case company, these trade-offs do not play a major role. In their 

business they cannot take any risks in terms of quality. Thus, quality will always be of more 

importance than time savings in the NPD process. On the other hand, a faster NPD cycle time will 

outweigh the involved costs. Therefore, we decided to specifically ask the participants to sort and 

rank the methods and techniques in order to achieve the most time savings. Associated costs with 

the implementation of these methods and techniques were not taken into account.  

2.3.3 Data analysis 
The results of the sorting- and ranking task are analysed with a reliability measure. Reliability 

measures check for agreement between experts. The chosen reliability measure is proportional 

agreement. Proportional agreement looks into pairwise agreements between judges (Rust & 

Cooil, 1994). It is the ratio of agreed pairs by experts on the total number of pairs. The equation 

of this measure is as follows: 𝐴 =
𝐹0

𝑇𝑂𝑇
 , “where F0 is the number of pairwise interjudge agreements 

and TOT is the total number of pairwise judgements” (Rust & Cooil, 1994, p.2). The values of the 

proportional agreement can be compared with the values of the Kappa statistic (Landis & Koch, 

1977). The values are given in Table 5. 

In the article of 1994, Rust and Cooil designed a new reliability measure: proportional reduction 

in loss (PRL). This measure reflects the expected loss from using the consensus rating or 

judgement. The advantage of this measure is that it is applicable to qualitative data and can be 

used with more than two judges. Some important assumptions for the PRL measure include the 

judges acting independently and the judges being equally competent. To easily apply the PRL 

measure in practice, Rust and Cooil (1994) provide tables from which to obtain the PRL measure. 

Input for the table are the proportional agreement, number of categories and number of judges. 

The PRL reliability ranges from 0 – 1 and is therefore comparable with the Cronbach’s alpha in 

terms of expected loss. This means for instance that a PRL of 0.90 has the same level of confidence 
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in the judges’ judgement as with a Cronbach’s alpha of 0.90. Table 6 shows the values for the PRL 

reliability, based on the rules of thumb for the Cronbach’s alpha (George & Mallery, 2003).  

 
 Table 5 Values proportional agreement  Table 6 Values PRL reliability measure 

 

 

 

 

 

 

 

 

Besides the pairwise interjudge agreement and PRL reliability, the standard deviation is used in 

the ranking task to analyse the differences between the position of the rankings of the 

participants. The standard deviation is a measure which determines the dispersion between data 

points and the mean. In this study, it measures how far the ranking of a participant for a particular 

method or technique differs from the average. The bigger the dispersion, the less consensus there 

is between the participants about the position where a method or technique should be ranked. 

The equation of the standard deviation used in this research is as follows: 𝜎 =  √
∑ (𝑥𝑖−𝜇)2𝑛

𝑖=1

𝑛
. 

2.4 Quality of the research 
In order to maximise the quality of the research, there were multiple validation points. The first 

validation was after the literature review. The list of new methods and techniques was presented 

to the company supervisor, project and portfolio managers from other business units, TU/e 

supervisor and TU/e student with a thesis research in project management. They checked for any 

missing methods and techniques. Additions were also requested during the sorting and ranking 

task. Two new methods emerged from this. Two other validation points took place before the 

sorting and ranking tasks. The templates for the closed card sorting and the ranking task were 

reviewed by the company supervisor and TU/e supervisor and adjusted where necessary. Besides 

that, a pilot ranking task took place with the company supervisor. No further adaptations derived 

from the pilot.  

 

2.5 Chapter summary 
This chapter described the research design of the study and the methods used to collect data in 

order to answer the research question. The use of both theoretical and empirical research 

methods ensures the relevance of the study on both ends. A systematic literature study is applied 

to provide new insights in methods and techniques to accelerate NPD cycle time. This section 

showed the several steps which were taken to include the right literature. Empirical insights were 

gathered through a sorting task and ranking task with 22 practitioners of the case firm. This 

section showed how the tasks are performed and how the results are analysed. The next chapter 

outlines the theoretical background on NPD cycle time and describes the new methods and 

techniques to accelerate NPD cycle time. 

 

  

PRL Value 

< 0.50 Unacceptable 

0.50 – 0.59  Poor 

0.60 – 0.69  Questionable 

0.70 – 0.79 Acceptable 

0.80 – 0.89 Good 

≥ 0.90 Excellent 

A Value 

< 0.00 No agreement 

0.00 – 0.20 Poor 

0.21 – 0.40  Fair 

0.41 – 0.60  Moderate 

0.61 – 0.80 Good 

0.81 – 1.00 Very good 



10 
 

3 LITERATURE REVIEW 

The literature review encompasses two parts. The first part reviews the current knowledge on 

NPD cycle time acceleration. It discusses the last study (Langerak et al., 1999) which gave an 

overview of the methods and techniques that can be used for cycle time acceleration. The second 

part of the literature review follows a systematic approach in order to gather new methods and 

techniques which can accelerate NPD cycle time.  

3.1 Review on accelerating NPD cycle time 
Accelerating cycle time of new product development processes has become critical, because 

product life cycles are decreasing, competition is intensifying, and customer needs are increasing. 

A way of accelerating NPD cycle time is the implementation of methods and techniques. Several 

researchers have published papers on this, although the last study which gave an overview of the 

methods and techniques was performed in 1999. One purpose of this thesis research is to build 

further on the research of Langerak et al. (1999) by complementing the overview with new 

methods and techniques. In their research they reviewed the literature on NPD cycle time 

reduction and held experience surveys. This resulted in 50 methods and techniques for 

accelerating the NPD process. Experts were asked to classify similar methods and techniques into 

a generic acceleration approach. In this way, nine generic acceleration approaches were created. 

The classification of methods and techniques into nine acceleration approaches is shown in Table 

7.  

Table 7 Nine generic NPD acceleration approaches  

 
* adopted from Langerak, Peelen & Nijssen, 1999, p.175 
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Thereafter, the experts were asked to determine a logical sequence of implementation of the nine 

generic NPD acceleration approaches. Based on a recent new-to-the-firm product development 

project the experts were involved in, they had to indicate which approaches they would use in the 

future to reduce NPD cycle time. Through the use of a laddering interview technique and an 

implication matrix, a hierarchy of approaches was constructed. The hierarchy consists of six 

approaches, circled and numbered in Table 7. The other three approaches are indicated as prior 

conditions to achieve NPD cycle time reductions. The approach ‘emphasizing customer driven 

activities’ numbered as one, is the first layer of the hierarchy, the approach ‘reduction of 

parts/components in product’ numbered as six, is the top layer of the hierarchy. The hierarchical 

order of implementation is shown in Figure 6. These numbers correspond with the numbered 

approaches in Table 7. 

 

The sequence of implementation of the generic NPD acceleration 

approaches is based on the ease of implementation and the least 

amount of wasted effort. Two findings can be derived from the 

sequence of NPD acceleration approaches: (1) in selecting NPD 

acceleration approaches, managers make trade-offs among 

development costs, speed and customer value, and (2) not all NPD 

acceleration approaches require implementation to achieve the 

greatest effectiveness (Langerak et al., 1999). 

 

 

3.2 New methods and techniques accelerating cycle time 
As stated in the former paragraph, the last overview of methods and techniques accelerating NPD 

cycle time (Langerak et al., 1999) was performed twenty years ago. In the past twenty years, 

several new methods and techniques for accelerating cycle time have been discovered. Through 

the use of a systematic approach as described in the methodology chapter, new methods and 

techniques are gathered and placed in an overview. For this overview, the general acceleration 

approaches of Langerak et al. (1999) were examined and complemented with the new methods 

and techniques.2 Table 8 shows the overview - the black ones are the methods and techniques 

from Langerak et al. and the blue ones are the new methods and techniques. The third list in the 

last column contains the remaining methods and techniques which did not fit well in the current 

acceleration approaches. The new methods and techniques are briefly described per acceleration 

approach under the table. Appendix 2 provides a wider explanation of the methods and 

techniques. 

                                                             
2 The classification of the new methods and techniques in the acceleration approaches of Langerak et al. 
(1999) was performed based on the researcher’s insights and without a formal process. 

6

5

4

3

2

1

Figure 6 Hierarchical order of 
implementation of generic NPD 
acceleration approaches 
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Table 8 Combined overview methods and techniques 

 
 

Training and rewarding employees 

Training and rewarding employees is an acceleration approach which is still of importance. Two 

techniques which are not taken into account in the overview of Langerak et al. (1999) are job 

rotation and lessons learned. Job rotation is a technique to rotate employees through several 

positions in the organisation to learn different skills and pick up knowledge (Huang, 1999). This 

leads to cross-functional integration of employees and a stimulus on innovation, which in turn 

accelerates NPD cycle time. The acceleration through job rotation is mainly reflected in the later 

stages of the NPD process (He, Sun & Chen, 2016). Lessons learned is a method to exchange 

learnings before, during and after a project in order to prevent failures from happening again. This 

can lead to faster cycle time in new product development projects (Griffin & Somermeyer, 2007). 

In order to stimulate the generation of lessons learned, research shows that documentation only 

is not sufficient. It is important to facilitate lessons learned meetings, focus on codification 

schemes, foster individual learning, designate knowledge brokers and use project kick-off 

meetings (Goffin, Koners, Baxter & Van der Hoven, 2010).  

Reduction of parts/ components in product 

Methods for reduction of resources in the production process have been around for a long time. 

However, in the past twenty years the methods have focused more on the entire development of 

the product. Lean product development (LPD) applies the lean principles in the product 

development process by capturing the voice of the customer and using the right technology to 

increase development speed and decrease the waste in this entire process (Yang & Cai, 2009). 

Other studies argue that cost and time savings can also be achieved with LPD by adding activities 

instead of reducing them (Letens, Farris & Van Aken, 2011; Browning, 2003). Furthermore, LPD 

should not only focus on capturing the voice of the customer to maximise value, but balance this 

with the value to other stakeholders in order to sustain competitive advantage (Browning, 2003). 

A tool to help project teams visualise lean product development is Value Stream Mapping (VSM) 

(Parry & Turner, 2006). It captures the resources, activities, cycle time and utilised time needed 

to undergo a development process (Tyagi et al., 2015). However, empirical research highlights 
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that the development of a VSM is difficult and therefore has little emphasis on its usage in LPD 

(Siyam et al., 2013). Six Sigma is a methodology that measures processes and improves 

performances in production environments to eliminate defects, resulting in resource and time 

savings (Johnson & Swisher, 2003). Associated with Six Sigma is Design for Six Sigma. This method 

focuses on designing or redesigning products to achieve higher reliability, greater quality and 

maximum product value (Gremyr & Fouquet, 2012). However, Yang and Cai (2009) argue that 

there is no direct evidence of DFSS accelerating the NPD process.   

 

Speed up activities/ tasks 

Another way of accelerating cycle time according to Langerak et al. (1999) is speeding up activities 

or tasks. Three new methods which can be used to speed up activities are concurrent engineering, 

schedule compression technique and critical chain project management. With concurrent 

engineering, team members work parallel on different elements instead of sequential (Williamson 

& Yin, 2014). Concurrent engineering is not without risk according to Bogus, Molenaar and 

Diekmann (2005). The downstream activity relies on information from the upstream activity, thus 

increasing the risk of delay and rework. Therefore, it is important to exchange preliminary 

information and intensify communication (Bogus et al., 2005). Another technique to speed up 

activities is schedule compression. This technique combines the parallel working with crashing 

hours by adding more resources and changing the method or tool of working (Hazini, Dehghan, 

Ruwanpura, 2013). Critical chain project management (CCPM) focuses on the sequence of 

activities in order to choose the fastest route and solve resource constraints (Leach, 2014). 

However, CCPM can negatively affect innovation and change in the long term. Zhang and Jin 

(2014) studied how to overcome these negative effects, pointing out that rewarding long-term 

success and tolerating early failure boosts innovation, while completing the projects faster.  

Implementation of support systems and techniques 

Successful implementation of project management techniques can lead to acceleration of the NPD 

process (Swink, 2003). Project management techniques that can achieve this are Gantt Chart, 

milestone planning, Work Breakdown Structure (WBS), Product Breakdown Structure (PBS), task 

list, Earned Value Management (EVM), Design Structure Matrix (DSM), scrum and rolling wave 

technique (Pons, 2008). These tools provide insight into time, costs, tasks and resources. DSM for 

instance is a visual representation of the interrelationships between activities which can help 

better cope with uncertainty and therefore deal with the complexity of NPD projects (Pons, 2008). 

A whole other type of support system is scrum. Scrum is an agile method which uses time-boxed 

sprints with maximum durations to achieve maximum speed in new product development 

(Cooper, 2016). Scrum originated in the software industry in the late nineties. In the past few 

years, it has also been applied in development projects of physical products. Nevertheless, it does 

pose a number of challenges. Defining a ‘done sprint’, allocating resources and integrating model 

planning in sprint planning are the main challenges which require additional attention for the use 

of scrum in developing physical products (Cooper & Sommer, 2016).  

Supplier involvement 

External knowledge is an important factor for speeding up the NPD process. There are several 

ways to incorporate external knowledge in the organisation. The Open-Stage-Gate model is one of 

the methods that integrates open innovation in the Stage-Gate® model. It has the ability to balance 

the use of in- and outside knowledge and to remind the team to pay attention to opportunities 
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from the outside in order to innovate faster (Cooper, 2008; Grönland, Sjödin & Frishammar, 2010). 

The use of open innovation can shorten the time to market, because companies can complement 

their knowledge by insourcing information from start-ups, partners, small entrepreneurial firms 

and scientists (Cooper, 2008). Partnerships or alliances bundle their knowledge to be able to 

respond faster to changing environments and accelerate the development process (Brettel & 

Cleven, 2011). Pitch nights are not necessarily supplier-related, but they do integrate outside 

knowledge into the organisation. Companies organise events where start-ups perform an R&D 

challenge and derive solutions for the company based on their innovations. The help of start-ups 

to derive solutions supports companies with developing products faster (Brossard, Erntell & 

Hepp, 2018). Yet, there is not much theoretical evidence of the effects of pitch nights on product 

development.  

 

Stimulating interfunctional cooperation 

New ways of stimulating interfunctional cooperation in an organisation is knowledge 

management and knowledge mapping. Implementation of these new methods can reduce the 

product development time, because information and knowledge are more quickly and easily 

accessible. Knowledge management (KM) is the process of capturing this knowledge and sharing 

it in the organisation (Kahn, 2013; Corso et al., 2001). Knowledge mapping is a technique which 

can be used to represent this knowledge on a visual map. It shows the captured information and 

relationships throughout the organisation in different departments and at different strategy levels 

(Vail, 1999). Lean Knowledge Management focuses “to get the right information, in the right form, 

to the right people at the right time” (Rooke et al., 2010). Sherman, Berkowitz and Souder (2005) 

specifically studied the effect of knowledge management on new product development. They 

discovered that the combination of R&D – marketing integration and high levels of KM in the form 

of recording, retrieving and reviewing information from previous projects, results in an overall 

positive effect on NPD performance.  

Lead user involvement 

Involving customers in the development process is an important element for accelerating the NPD 

cycle time. Otherwise, there is a bigger chance that products need to be redesigned or miss the 

mark (Brossard et al., 2018). In recent years, more techniques are developed to involve the 

customer in the development process. Design thinking, co-designing, use of VR, AR or 3D printing 

and digital twins are some of these techniques. Design thinking is the process of generating 

insights into customer problems, rapidly developing prototypes or pretotypes and testing them 

on the customer (O’Reilly & Binns, 2019). Pretotype is a minimum viable product used to validate 

interest in the product (Frederick, O’Connor & Kuratko, 2018) . Design thinking is good applicable 

in fast changing markets and in mature markets to identify latent needs and to develop radical 

innovations. Design thinking can lead to faster product development, because this approach 

avoids investing in too many resources early in the project. It encourages many low risk actions 

to gather customer insights and discover, develop and test ideas. These actions make it possible 

to “quickly converge to solution designs with the highest potential market success” according to 

Luchs, Swan & Griffin (2015). Co-designing goes one step further by generating and selecting 

product ideas from customers. A small group of customers provide the firms with possible designs 

and a larger group advises which design to further develop (O’Hern & Rindfleisch, 2010). 

Including the lead user at the start of the process makes it more likely to speed up the 

development of the product, because the time to redefine the goal or redesign the product is 
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reduced. Though, choosing the right lead users is a challenge, but necessary for successful projects 

(Ross, Rouen & Austin-Breneman, 2018).   

Digital twins and VR, AR or 3D printing are two digital tools to ease NPD teams by involving the 

customer. Digital twins are virtual counterparts of physical products and can gather usage and 

performance data from customers across the product life cycle in order to quickly monitor unmet 

customer needs and transform these in breakthrough products. Subsequently, the product 

development process can be accelerated by performing VR, AR or 3D printing hackathons. These 

hackathons are comparable to A/B testings and enable the company to gather early customer 

feedback, define the customer preferences and redesign the product when needed. Research of 

McKinsey & Company shows that effective use of VR hackathons can lead to a reduction in time to 

market of 15% (Brossard et al., 2018).  

Simplification of organisational structure 

Two methods which ask for another structure in the organisation are holistic approach and 

innovation garage. A holistic approach combines a cross-functional team, with dedicated team 

members, team leaders and top management commitment (Cooper & Edgett, 2008). This 

structure ensures little delay in the NPD process. Businesses who perform best in terms of 

productivity take a holistic approach in their organisation. Cooper and Edgett (2008) state that 

the holistic team composition, team organisation, authority and role of key players and the role of 

the team leader guarantees efficient time-driven projects. Innovation garages are self-contained 

groups who generate new ideas with minimal overhead. They are able to accelerate the NPD cycle 

time, because they can quickly realise new products via a fully-focused team (Brossard et al., 

2018). Yet, not much research in academic literature has been published about innovation 

garages. Although, the first empirical results have proven positive.  

Emphasising customer driven activities 

Lean Startup is an approach that translates entrepreneurial visions into a new product with an 

associated business model (Rasmussen & Tanev, 2015). Lean Startup is customer-driven and can 

shorten the time to market by holding experiments, product testings and validated learnings with 

users and customers throughout the whole NPD process (Frederiksen & Brem, 2017). A study of 

Edison, Smørsgård, Wang and Abrahamsson (2018) investigated with a multiple case study how 

Lean Startup can enable innovation in large firms. They found that cross-functional teams and top 

management support are important enablers. Top management support makes it possible to have 

the resources and budget in time to innovate faster. Cross-functional teams reduce 

communication overhead and increase collaboration leading to faster product validations. 

 

Other methods and techniques 

Some other methods and techniques which are not defined in the research of Langerak et al. 

(1999) are road mapping, scenario planning, web-enabled idea bank, formalising the fuzzy front 

end, hybrid Agile-Stage-Gate model, spiral development and use of big data. Road mapping and 

scenario planning are tools which can accelerate the fuzzy front end: road mapping by mapping 

the NPD process and searching for opportunities (Belliveau, Griffin & Somermeyer, 2002) and 

scenario planning by harnessing uncertainty and building it into the planning process (Bodwell & 

Chermack, 2010). By drawing up different scenarios and including them in the planning, project 

teams run into less unexpected issues that slow down the product development. In case of changes 

in the process, the project team can more easily respond because this uncertainty has already 
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been included in the planning. This ultimately means that the time to market can be shortened. 

More support for scenario planning accelerating the NPD process can be found in research of 

Açikgöz, Latham and Acikgoz (2020). They identified a mediating role of scenario planning on 

reflection-performance in NPD teams. The findings support that scenario planning mediates the 

relationship between reflection and product development speed and between reflection and new 

product success.  

Another methodology which focuses on the fuzzy front end is formalising the fuzzy front end. 

Formalising generates consistent market understanding instead of ad-hoc interactions. This 

shortens the front-end cycle, since the ad-hoc interactions are more time-consuming and 

consistent market understanding will improve product ideation (Flint, 2002). Market 

understanding can also be achieved with a web-enabled idea bank. This platform enables easy 

connections with customers and suppliers and gives access to product improvements (Belliveau 

et al., 2002).  

The hybrid Agile-Stage-Gate model and spiral development are two new approaches of the 

traditional Stage-Gate® model. The hybrid Agile-Stage-Gate combines the Stage-Gate® process 

with agile methodologies as self-organised teams and short iterations (Planisware, n.d.). This 

results in a dynamic and adaptive process which flourishes on change. Using flexible and short-

term planning is key in this process to constantly evolve the product definition and accelerate the 

NPD process. Six case studies underline the significant improvements in time to market and 

development productivity by implementing Agile-Stage-Gate (Cooper & Sommer, 2018). 

However, the companies also experienced challenges when implementing this approach, 

especially in finding the necessary resources for dedicated teams, overcoming management 

scepticism and dealing with dynamic plans and product definitions (Cooper & Sommer, 2018). 

Spiral development integrates customer feedback into the Stage-Gate® process to shorten the time 

to market by “build-test-feedback-revise” loops (Cooper, 2008). These loops are applied at every 

stage of the Stage-Gate® model. Within every loop, the project team approaches the customer to 

gain information on the customer needs and seeks feedback. This method ensures faster 

progression through the stages to deliver a product that meets the customer needs.   

3.3 Chapter summary 
To conclude, the literature review reveals 39 new methods and techniques which can be used to 

accelerate the NPD cycle time. These methods and techniques complemented the overview of 

Langerak et al. (1999)who revealed 50 methods and techniques to accelerate cycle time. Most of 

the new methods and techniques are discussed briefly in this chapter. It explains how the methods 

and techniques can accelerate the cycle time of the NPD process and shows contradictory findings 

in the literature. Appendix 2 provides a more in-depth explanation of the methods and techniques 

and includes the setting in which the research is performed or indicates a specific feature of the 

methods and techniques. The next chapter provides an empirical analysis of which of these 

methods and techniques are most effective in accelerating NPD cycle time.  
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4 EMPIRICAL ANALYSIS 

This chapter presents the analysis of the sorting task and the ranking task. Firstly, an analysis of 

the sorting of the methods and techniques into the NPD stages is offered. Secondly, the results of 

the ranking task are presented per NPD stage. The final paragraph outlines the main methods and 

techniques which can be used most effectively to accelerate the cycle time in the NPD process.  

4.1 Sorting methods and techniques 
The goal of the sorting task was to sort the methods and techniques derived from the literature 

review into the NPD stages. As discussed in the methodology section, the sorting task is performed 

through a digital version of closed card sorting with three experienced project managers. The first 

step in the analysis involved combining the three outcomes of the sorting task. The category which 

received the highest count became the final stage of that method. For 29 methods no agreement 

could be found between the three project managers at a specific stage. That is why these methods 

have been presented to an independent, external expert. The expert received the same assignment 

as the other participants. This has increased the proportional agreement for these 30 methods 

from 0.15 to 0.29. This value is still on the low side, but it is fair Table 5. The proportional 

agreement of the other 60 methods is 0.53, a moderate value. 

 

The results of the analysis are shown in Table 10. One participant did not choose one category but 

multiple categories for 30 methods. In this case the determined category received 0.5 points 

instead of 1, as displayed in the table. The heat map in grey shows which category is chosen the 

most for each method or technique. The last column in the table gives the final stage in which the 

method or technique should best be used. This final stage can sometimes deviate from the score 

in the heat map. The score of 0.5 is considered less important, because the participant has 

indicated multiple stages as most effective for the method.  

 

Table 9 shows the amount of methods and techniques which were assigned to one of the NPD 

stages. The preparation and implementation stage received the fewest methods and techniques. 

The orientation and creation stage received about the same amount of methods and techniques. 

However, slightly more than half of the methods and techniques were sorted into all stages.  
 

Table 9 Amount of methods and techniques assigned to a NPD stage 

 

One participant commented that some of the methods and techniques should not occur in the NPD 

process, but rather on a higher strategic level. He refers to the following methods: taking next 

generation products into account when designing new products, developing modular design 

products, FPA/CIM/mass customisation, road mapping, scenario planning and use of new venture 

units. Since other participants have divided the methods into the stages, the method has not been 

removed from the list. However, it is good to take a critical look by implementing any of these 

methods.  

 

 Orientation Creation Preparation Implementation All 

Methods and 

techniques 
16 19 6 2 46 
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Table 10 Heat map sorting task 

 

Methods and techniques IN O C P I A Final stage

Application resource-intensive techniques 1 2 all stages

Buying license of components/ parts 2 1 creation stage

By designing new products take next generation products into account Y 0,5 2,5 creation stage

CAD (Computer Aided Design)/ CAM systems Y 2 1 creation stage

Carry out NPD activities simultaneously 1 0,5 0,5 2 all stages

Co designing Y 1,5 2,5 creation stage

Concentration on value driven activities Y 1,5 1,5 1 all stages

Concurrent engineering 2,5 0,5 0,5 creation stage

Contract out design, development and production of components/ parts 2 1 creation stage

CPM and PERT 3 all stages

Critical Chain Project Management (CCPM) 3 all stages

Delegation of responsibility 1 2 all stages

Design for Manufacturability 2 1 creation stage

Design for Six Sigma (DFSS) Y 2,5 0,5 0,5 1 creation stage

Design thinking process Y 1,5 1,5 1 all stages

Development of product of modular design Y 1 2,5 creation stage

Digital twins Y 0,5 2 1 creation stage

DSM (Design Structure Matrix) Y 2 I creation stage

Elimination of slack time 3 all stages

Emphasis on incremental improvements instead of radical innovations 2 1 orientation stage

Emphasizing customer (latent) needs 2 orientation stage

Emphasizing time schedules and deadlines 3 all stages

Empowerment 1 2 all stages

Enhance physical closeness of members of NPD project team 1 2 all stages

EVM (Earned Value Management) 3 all stages

Formalizing the fuzzy frond end 2 1 orientation stage

FPA/ CIM/ mass customization Y 1 1 1 preparation stage

Front-end loading 2,5 0,5 orientation stage

Gantt chart 1 2 all stages

Hybrid Agile-Stage-Gate model 1 1 all stages

Implementation of information and flexible organizational structure 1 2 all stages

Implementation of JIT/KANBAN 2 all stages

Increasing quality requirements suppliers 2 1 creation stage

Innovation garage Y 1,5 0,5 2 all stages

Involve suppliers in the production startup Y 2 1,5 0,5 preparation stage

Involving all business functions in NPD process 2 1 orientation stage

Job rotation Y 2 all stages

Knowledge management 1 2 all stages

Knowledge mapping 1 orientation stage

Lead user involvement Y 2,5 1,5 orientation stage

Lean Knowledge Management 1 2 all stages

Lean Product Development Y 1 1,5 2 all stages

Lean Startup 0,5 1 orientation stage

Lessons learned Y 1 2 1 implementation stage

Link up NPD activities 1 2 all stages

Market simulation techniques 2,5 0,5 0,5 orientation stage

Milestone planning 1 2 all stages

New information and communication technologies 1 2 all stages

Open-Stage-Gate model 2 1 creation stage

Organising pitch nights 2,5 0,5 orientation stage

PBS (Product Breakdown Structure) 1 2 all stages

Project champions 2 all stages

Promoting open cummunication between all participants in NPD process 1 2 all stages

QFD (Quality Function Deployment) 0,5 2,5 creation stage

Reducing the supply base Y 2 1 creation stage

Reduction of delivery times 1 2 all stages

Reduction of interdependencies between NPD activities 2 1 orientation stage

Reduction of number of components/ parts in new products Y 1 2 1 preparation stage

Reduction of number of marketing activities Y 2 1 creation stage

Reduction of number of organization layers 1 2 all stages

Reduction of time between idea generation, screening and development 2 1 orientation stage

Rewarding up-to-date knowledge all stages

Road mapping 2 orientation stage

Rolling wave technique 1 2 all stages

Scenario planning 2 orientation stage

Schedule compression techniques 1 2 all stages

Scrum (agile way of working) Y 1 1 2 all stages

Simplification of formal procedures 3 all stages

Simulated prototype testing 0,5 2,5 0,5 creation stage

Single project involvement employees Y 1 2 1 creation stage

Six Sigma 0,5 2,5 0,5 preparation stage

Speed up carrying out of activities in NPD process 1 2 all stages

Spiral development 1 2 all stages

Stimulating team work and esprit de corps Y 1 1 2 all stages

Supplier involvement in NPD process in early stages of NPD process Y 2,5 1,5 orientation stage

Take a holistic appraoch 1 2 all stages

Task list 3 all stages

Top management commitment 3 all stages

TQM (Total Quality Management) 0,5 2,5 0,5 preparation stage

Training of employees involved in NPD 3 all stages

Use limited rollouts Y 1 1 1,5 0,5 implementation stage

Use of big data 1 2 all stages

Use of existing components/ parts in designing new products Y 1 2 1 preparation stage

Use of new venture units Y 1 2 all stages

Use of partnerships /  alliances 1 2 all stages

Use of VR, AR or 3D printing (hackatons) Y 2 1 creation stage

Value Stream Mapping Y 1 1 2 all stages

WBS (Work Breakdown Structure) 1 2 all stages

Web-enabled idea bank Y 2,5 0,5 orientation stage
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4.2 Ranking methods and techniques  
The goal of the ranking task was to rank the methods and techniques in the NPD stages by amount 

of time saved. The analysis of the ranking task is divided into three parts. The first step in the 

analysis examines if the method or technique accelerates the NPD cycle time. The second step 

involves figuring out whether the method or technique is ranked in the top 5. The third step 

analyses the position of the method or technique in the top 5.  

 

The participants had to rank the methods and techniques into an NPD stage or in the category “all 

stages”. At this point, the participants had the option to switch the methods to another stage if 

they felt it was typically best used elsewhere. Five methods were switched to another stage. None 

of them were mentioned by more than 6% of the participants, so we did not include these changes 

for further analysis.  

 

4.2.1 Does the method or technique accelerate the NPD cycle time? 
The first part of the analysis examines whether the method or technique accelerates the NPD cycle 

time according to the participants. In the ranking task, the participants could decide if the method 

or technique would accelerate the NPD cycle time. They had to switch the note to a designated 

area when the method or technique did not accelerate the process. Thereafter, the participants 

had to place five of the remaining  notes in order of effectiveness. Appendix 3 presents an overview 

of the methods and techniques which are identified as not accelerating by two or more 

participants. The overview indicates an initial insight into features, such as experience and 

function, which can have an influence on the reason to define the method or technique as non-

accelerating.  

 

Table 11 shows the results of this first analysis for the orientation stage. Only 25% of the methods 

and techniques in the orientation stage were labelled by all the participants as accelerating. The 

other methods were considered by some of the participants as ‘non-accelerating’. In order to 

decide if the method should be included for further analysis, a cut-off level was applied. When 

there is consensus of 50% that the method will accelerate the NPD cycle time, it is taken into 

account for further analysis. The cut-off level of 50% is based on two studies, one on reliability 

measures for qualitative data (Rust & Cooil, 1994) and one on a brand concept map (John, Loken, 

Kim & Monga, 2006) where they applied an equal cut-off value. 

The proportion of interjudge agreement is 0.88 in the orientation stage, a value classified as ‘very 

good’ (Table 5). This proportion of interjudge agreement confirms that the participants largely 

agree that the methods and techniques in the orientation stage will accelerate the NPD cycle time 

upon implementation.  
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Table 11 Methods and techniques accelerating NPD cycle time in the orientation stage 

 
 

In the creation stage, 32% of the methods and techniques can accelerate cycle time according to 

all the participants. The others are considered as not accelerating by some of the respondents. 

However, more than 50% of the respondents indicated that the methods and techniques do 

accelerate the NPD cycle time. As a result, consensus has been reached and all the methods and 

techniques are included for further analysis. The proportional agreement in the creation stage is 

0.85, which is a very good value.  

 
Table 12 Methods and techniques accelerating NPD cycle time in the creation stage 

 
 

The preparation stage contains two methods which are included by all the participants as 

accelerating. The four remaining methods are more often indicated as not accelerating in relation 

to the other stages. Especially in terms of mass customisation, there is less agreement. This may 

be due to mass customisation not being applied as much in the fast moving consumer good market 

Stage Methods and techniques

Orientation Emphasis on incremental improvements instead of radical innovations 19 100%

Orientation Emphasizing customer (latent) needs 19 100%

Orientation Lead user involvement 19 100%

Orientation Reduction of interdependencies between NPD activities 19 100%

Orientation Formalizing the fuzzy front end 18 94%

Orientation Front-end loading 18 94%

Orientation Lean Startup 18 94%

Orientation Road mapping 18 94%

Orientation Web-enabled idea bank 18 94%

Orientation Involving all business functions in NPD process 17 89%

Orientation Knowledge mapping 17 89%

Orientation Market simulation techniques 17 89%

Orientation Organising pitch nights 17 89%

Orientation Reduction of time between idea generation, screening and development 17 89%

Orientation Scenario planning 17 89%

Orientation Supplier involvement in NPD process in early stages of NPD process 17 89%

Proportion of interjudge agreement 0,88

PRL reliability 1

Y

Y

Y = Yes

N = No

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Does the method or technique accelerate cycle time? Participants 

including method

Consensus (cut-

off level 50%) 

Y

Y

Y

Stage Methods and techniques

Creation Design for Manufacturability 19 100%

Creation Design for Six Sigma (DFSS) 19 100%

Creation Development of product of modular design 19 100%

Creation Design Structure Matrix (DSM) 19 100%

Creation Quality Function Deployment (QFD) 19 100%

Creation Single project involvement employees 19 100%

Creation Co designing 18 94%

Creation Concurrent engineering 18 94%

Creation Contract out design, development and production of components/ parts 17 89%

Creation Digital twins 17 89%

Creation Open-Stage-Gate model 17 89%

Creation Reducing the supply base 17 89%

Creation Reduction of number of marketing activities 17 89%

Creation Simulated prototype testing 17 89%

Creation Buying license of components/ parts 16 83%

Creation By designing new products take next generation products into account 16 83%

Creation CAD / CAM systems 16 83%

Creation Use of VR, AR or 3D printing 16 83%

Creation Increasing quality requirements suppliers 15 78%

Proportion of interjudge agreement 0,85

PRL reliability 1 N = No

Y

Y

Y = Yes

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Does the method or technique accelerate cycle time? Participants 

including method

Consensus (cut-

off level 50%) 

Y

Y

Y

Y

Y
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(Orange Business Services, 2018). Despite the bigger differences between the participants, the 

proportion of interjudge agreement is 0.80, which can be interpreted as a good value. In addition, 

more than 50% of the participants indicate all the methods and techniques as accelerating, so 

there is consensus and all of the methods are taken into account for further analysis. 

 
Table 13 Methods and techniques accelerating NPD cycle time in the preparation stage 

 
 

The implementation stage contains two methods and techniques. One of them, ‘use limited 

rollouts’, has been indicated as not accelerated by three respondents. Lessons learned have been 

included by all participants as a technique that can accelerate the NPD cycle time. The proportion 

of interjudge agreement for this stage is 0.85, so there is a high level of agreement between the 

participants. 

 
Table 14 Methods and techniques accelerating NPD cycle time in the implementation stage 

 
 

For the last stage, 50% of the methods and techniques are considered to accelerate the NPD cycle 

time by all the participants. For the other methods and techniques, there have been one to two 

participants who have indicated that the method or technique is not accelerating. Except for the 

method, 'carry out NPD activities simultaneously', there are three participants who indicate them 

as not accelerating. This last stage has the highest proportion of interjudge agreement in 

comparison with the other stages. It has a value of 0.93, which is considered a very good value. 

 

The PRL reliability for all the stages is 1. This can be seen from Table 3 in Rust and Cooil’s study 

(1994) which can be consulted in Appendix 4. There are two categories: accelerating and not 

accelerating, the methods and techniques are judged by 19 participants and all the stages have a 

proportion of interjudge agreement higher than 0.80. The PRL reliability of 1 suggests that there 

is a high level of confidence in the judges’ judgement.  

Stage Methods and techniques

Preparation Use of existing components/ parts in designing new products 18 100%

Preparation Reduction of number of components/ parts in new products 18 100%

Preparation Total Quality Management (TQM) 16 89%

Preparation Six Sigma 15 83%

Preparation Involve suppliers in the production startup 15 83%

Preparation FPA/ CIM/ mass customization 13 72%

Proportion of interjudge agreement 0,80

PRL reliability 1

Does the method accelerate cycle time?

Y = Yes

N = No

Participants 

including method

Consensus (cut-

off level 50%) 

Y

Y

Y

Y

Y

Y

Stage Methods and techniques

Implementation Lessons learned 18 100%

Implementation Limited rollouts 15 83%

Proportion of interjudge agreement 0,85

PRL reliability 1

Y = Yes

N = No

Does the method or technique accelerate cycle time? Participants 

including method

Consensus (cut-

off level 50%) 

Y

Y
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Table 15 Methods and techniques accelerating NPD cycle time in all stages 

 

4.2.2 Is the method ranked in the top 5? 
The second step in the analysis answers the question whether the method or technique is ranked 

in the top 5. This analysis is done for each of the five stages. There is consensus when 50% or more 

of the participants ranked a method in the top 5. This is consistent with the cut-off levels 

mentioned by Rust and Cooil (1994) and John et al. (2006). Borderline frequencies are used in this 

analysis for methods and techniques which are ranked in the top 5 by 45 – 49% of the participants.  

In the orientation stage, three methods are ranked in the top 5 with a consensus level higher than 

50%: involving all business function, scenario planning and Lean Startup. Lead user involvement 

is within the borderline frequency, because it is included by 47% of the participants. The 

remaining methods are included by less than 45% of the participants. Two techniques that 

nevertheless exceed the rest are ‘front-end loading’ and ‘reduction of interdependencies between 

Stage Methods and techniques

All Application of resource intensive techniques 18 100%

All Concentration on value driven activities 18 100%

All Critical Chain Project Management (CCPM) 18 100%

All Delegation of responsibility 18 100%

All Design thinking process 18 100%

All Empowerment 18 100%

All Enhance physical closeness of members of NPD project team 18 100%

All Knowledge management 18 100%

All Lean Product Development 18 100%

All Link up NPD activities 18 100%

All New information and communication technologies 18 100%

All Project champions 18 100%

All Promoting open cummunication between all participants in NPD process 18 100%

All Reduction of delivery times 18 100%

All Reduction of number of organization layers 18 100%

All Rewarding up-to-date knowledge 18 100%

All Schedule compression techniques 18 100%

All Scrum (agile way of working) 18 100%

All Spiral development 18 100%

All Stimulating team work and esprit de corps 18 100%

All Take a holistic appraoch 18 100%

All Training of employees involved in NPD 18 100%

All Use of big data 18 100%

All Emphasizing time schedules and deadlines 17 94%

All Earned Value Management (EVM) 17 94%

All Gantt chart 17 94%

All Hybrid Agile-Stage-Gate model 17 94%

All Implementation of information and flexible organizational structure 17 94%

All Implementation of JIT/KANBAN 17 94%

All Innovation garage 17 94%

All Job rotation 17 94%

All Lean Knowledge Management 17 94%

All Milestone planning 17 94%

All Product Breakdown Structure (PBS) 17 94%

All Rolling wave technique 17 94%

All Simplification of formal procedures 17 94%

All Speed up carrying out of activities in NPD process 17 94%

All Task list 17 94%

All Top management commitment 17 94%

All Use of new venture units 17 94%

All Value Stream Mapping 17 94%

All Work Breakdown Structure (WBS) 17 94%

All Critical Path Method (CPM) 16 89%

All Elimination of slack time 16 89%

All Use of partnerships /  alliances 16 89%

All Carry out NPD activities simultaneously 15 83%

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Does the method or technique accelerate cycle time? Participants 

including method

Consensus (cut-

off level 50%) 

Y

Y

Y

Y

Y
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NPD activities’. These two methods are both included by 42% of the participants. The proportion 

of interjudge agreement is 0.63 and has a PRL of 0.98.  

Table 16 Analysis if method or technique is ranked in top 5 of the orientation stage 

 

In the creation stage, only one method is included by more than 50% of the participants. The 

method ‘single project involvement employees’, is included by 68% of the participants.  ‘Design 

for manufacturability’ is a borderline frequency with 47% of the participants including the 

method. The next group of methods and techniques following the borderline frequency are 

simulated prototype testing, co designing, design structure matrix and Open-Stage-Gate model. 

These methods are included by 37 – 42% of the participants.  

Table 17 Analysis if method or technique is ranked in top 5 of the creation stage 

 

In the preparation stage for four out of six methods and techniques, consensus is reached to rank 

them in the top 5. The method ‘use of existing components/ parts in designing new products’ is 

included by 89% of the participants. The other three are included by 61 – 72% of the participants. 

Is the method or technique ranked in the top 5?

Stage Methods and techniques

Orientation Involving all business functions in NPD process 12 63%

Orientation Scenario planning 11 58%

Orientation Lean Startup 10 53%

Orientation Lead user involvement 9 47%

Orientation Front-end loading 8 42%

Orientation Reduction of interdependencies between NPD activities 8 42%

Orientation Supplier involvement in NPD process in early stages of NPD process 6 32%

Orientation Emphasis on incremental improvements instead of radical innovations 5 26%

Orientation Road mapping 5 26%

Orientation Emphasizing customer (latent) needs 4 21%

Orientation Reduction of time between idea generation, screening and development 4 21%

Orientation Formalizing the fuzzy front end 3 16%

Orientation Market simulation techniques 3 16%

Orientation Knowledge mapping 2 11%

Orientation Web-enabled idea bank 1 5%

Orientation Organising pitch nights 0 0%

Proportion of interjudge agreement 0,63

PRL reliability 0,98

N

N

N

N

N = No

N

N

N

N

Y = Yes

N

N

N

N

N

Participants 

including method

Consensus (cut-

off level 50%) 

Y

Y

Y

Is the method or technique ranked in the top 5?

Stage Methods and techniques

Creation Single project involvement employees 13 68%

Creation Design for Manufacturability 9 47%

Creation Simulated prototype testing 8 42%

Creation Co designing 7 37%

Creation Design Structure Matrix (DSM) 7 37%

Creation Open-Stage-Gate model 7 37%

Creation Development of product of modular design 6 32%

Creation Concurrent engineering 5 26%

Creation Quality Function Deployment (QFD) 4 21%

Creation Reducing the supply base 4 21%

Creation By designing new products take next generation products into account 3 16%

Creation Contract out design, development and production of components/ parts 3 16%

Creation Increasing quality requirements suppliers 3 16%

Creation Buying license of components/ parts 2 11%

Creation CAD / CAM systems 1 5%

Creation Design for Six Sigma (DFSS) 1 5%

Creation Digital twins 1 5%

Creation Reduction of number of marketing activities 1 5%

Creation Use of VR, AR or YD printing 0 0%

Proportion of interjudge agreement 0,68

PRL reliability 1

N

N

N

N = No

N

N

N

Y = Yes

N

N

N

N

N

N

N

N

N

N

Participants 

including method

Consensus (cut-

off level 50%) 

Y

N

N
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The proportion of interjudge agreement for the preparation is moderate with a value of 0.56. This 

results in a PRL reliability of 0.89, somewhat lower than the other stages but still a good value.  

Table 18 Analysis if method or technique is ranked in top 5 of the preparation stage 

 

Table 19 shows that both methods in the implementation stage are ranked in the top 5. ‘Lessons 

learned’ is included by 89% of the participants and ‘use limited rollouts‘ by 67%. The proportion 

of interjudge agreement is good with a value of 0.66, resulting in a PRL of 1.  

Table 19 Analysis if method or technique is ranked in top 5 of the implementation stage 

 

The category ‘all stages’ contains several methods and techniques. The ‘critical path method’ is 

the only technique where consensus is reached to rank the technique in the top 5. Four methods 

that follow with 28% are ‘carry out NPD activities simultaneously’, ‘design thinking process’, ‘top 

management commitment’ and ‘work breakdown structure’. The proportion of interjudge 

agreement is 0.80. This value is clearly higher than the other stages. This may be due to 

participants being able to choose from many more methods and techniques.  

Is the method or technique ranked in the top 5?

Stage Methods and techniques

Preparation Use of existing components/ parts in designing new products 16 89%

Preparation Reduction of number of components/ parts in new products 13 72%

Preparation Involve suppliers in the production startup 11 61%

Preparation Total Quality Management (TQM) 11 61%

Preparation Six Sigma 8 44%

Preparation FPA/ CIM/ mass customization 6 33%

Proportion of interjudge agreement 0,56

PRL reliability 0,87

Participants 

including method

Consensus (cut-

off level 50%) 

Y = Yes

N = No

Y

Y

Y

Y

N

N

Is the method or technique ranked in the top 5?

Stage Methods and techniques

Implementation Lessons learned 16 89%

Implementation Use limited rollouts 12 67%

Proportion of interjudge agreement 0,66

PRL reliability 0,99

Participants 

including method

Y = Yes

N = No

Consensus (cut-

off level 50%) 

Y

Y
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Table 20 Analysis if method or technique is ranked in top 5 of all stages 

 

4.2.3 What is the position of the method or technique in the top 5? 
The third part analyses which position the method or technique would get in the top 5 by the 

participants. This position is determined by concluding which position is most often chosen by 

the participants. When multiple positions are chosen by the same number of participants, both 

positions are presented. Consensus about the position is reached at the cut-off value of 50% (Rust 

& Cooil, 1994; John et al., 2006). However, there are only a couple of methods and techniques with 

consensus in the top 5 where more than 50% of the participants agree on the position that the 

method should be given. These methods and techniques are shown in Table 21. The positions of 

all the other methods and techniques in the stages are given in the tables 22 – 26 in the next 

paragraph.  

Is the method or technique ranked in the top 5?

Stage Methods and techniques

All Critical Path Method (CPM) 9 50%

All Carry out NPD activities simultaneously 5 28%

All Design thinking process 5 28%

All Top management commitment 5 28%

All Work Breakdown Structure (WBS) 5 28%

All Concentration on value driven activities 4 22%

All Milestone planning 4 22%

All Project champions 4 22%

All Reduction of number of organization layers 4 22%

All Speed up carrying out of activities in NPD process 4 22%

All Hybrid Agile-Stage-Gate model 3 17%

All Implementation of information and flexible organizational structure 3 17%

All Schedule compression techniques 3 17%

All Stimulating team work and esprit de corps 3 17%

All Task list 3 17%

All Emphasizing time schedules and deadlines 2 11%

All Empowerment 2 11%

All Gantt chart 2 11%

All Knowledge management 2 11%

All New information and communication technologies 2 11%

All Training of employees involved in NPD 2 11%

All Value Stream Mapping 2 11%

All Critical Chain Project Management (CCPM) 1 6%

All Delegation of responsibility 1 6%

All Elimination of slack time 1 6%

All Earned Value Management (EVM) 1 6%

All Implementation of JIT/KANBAN 1 6%

All Innovation garage 1 6%

All Lean Product Development 1 6%

All Link up NPD activities 1 6%

All Product Breakdown Structure (PBS) 1 6%

All Promoting open cummunication between all participants in NPD process 1 6%

All Reduction of delivery times 1 6%

All Rewarding up-to-date knowledge 1 6%

All Rolling wave technique 1 6%

All Scrum (agile way of working) 1 6%

All Simplification of formal procedures 1 6%

All Spiral development 1 6%

All Use of big data 1 6%

All Use of new venture units 1 6%

All Use of partnerships /  alliances 1 6%

All Application of resource intensive techniques 0 0%

All Enhance physical closeness of members of NPD project team 0 0%

All Job rotation 0 0%

All Lean Knowledge Management 0 0%

All Take a holistic appraoch 0 0%

Proportion of interjudge agreement 0,80

PRL reliability 1

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N
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N

N
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N
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including method

Consensus (cut-
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Table 21 Most chosen position for methods and techniques with consensus in top 5 

 

In addition, the mean and standard deviation of the positions for each method or technique is 

calculated. The higher the standard deviation, the more disagreement there is between the 

participants about the position of the method or technique. This is clearly visible in Table 23 on 

the next page. For example, the Open-Stage-Gate model has a high standard deviation of 1,55. The 

positions which are mostly given to this method are 1, 3 and 5. So, it is clear that there is no 

consensus between the participants on what the position should be. The low number of pairwise 

interjudge agreements confirms this.  

4.3 Results empirical analysis 
This last paragraph shows the methods and techniques judged as most effective for all the stages. 

A top 5 is selected for each stage when possible. As explained in the methodology section, we chose 

a top 5 because lists help to process information (Hammond,  2015); it is more easy to remember 

(Nickerson, 1965) and the case firm works regularly with top 5 lists in order to get people focused. 

In order to summarise the results of the three analyses, an overview is given in Figure 7. It shows 

the methods and techniques which have reached consensus or borderline frequencies on the three 

analyses.  

 

Figure 7 Methods and techniques which achieved consensus on the several analyses  

Stage Method

Amount of part. 

who included 

method in top 5

Most often 

chosen position 

Amount of part. 

who chose this 

position 

Consensus (cut-

off level 50%) 

Implementation Lessons learned 89% (16) 1 69% (11) Y

Preparation Use of existing components in designing new products 89% (16) 2 56% (9) Y

Implementation Limited rollouts 67% (12) 1 | 2 50% (6) Y

Preparation Reduction of number of components in new products 72% (13) 1 46% (6) N

Orientation Scenario planning 58% (11) 4 45% (5) N

Orientation Lead user involvement 47% (9) 2 44% (4) N

Creation Design for manufacturability 47% (9) 3 44% (4) N

Orientation Involving all business functions in NPD process 63% (12) 3 42% (5) N

Orientation Lean Startup 53% (10) 2 40% (4) N

Preparation Total Quality Management 61% (11) 5 36% (4) N

Preparation Involve suppliers in the production startup 61% (11) 3 36% (4) N

All Critical Path Method 50% (9) 1 | 2 33% (3) N

Creation Single project involvement employees 68% (13) 1 31% (4) N

Y = Yes

N = No
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Three criteria were used to determine what the most effective methods or techniques are for the 

stages: (1) number of participants who included the method in the top 5, (2) points indirectly 

given through the position and (3) most often chosen position. The points for the second criteria 

are arbitrary numbers. Methods ranked first gained five points and methods ranked fifth gained 

one point. The criteria are chosen in this order, because the points awarded to the ranking are 

arbitrary and the positions most frequently chosen did not reach consensus on most methods. 

Thus, the number of participants who included the method is the most convenient criteria.  

The tables under the rankings show the numbers of the criteria. The methods which appear in the 

top 5 are circled in orange.  

In the orientation stage, the following methods were chosen as most effective to accelerate the 

NPD cycle time:  

1. Involving all business functions in the NPD process 

2. Scenario planning 

3. Lean Startup 

4. Lead user involvement 

5. Reduction of interdependencies between NPD activities 

 

Scenario planning was included by 58% by the participants and was therefore ranked in second 

position. However, important to note is that scenario planning gained slightly fewer points than 

Lean Startup and lead user involvement. In addition, the most chosen position for scenario 

planning was fourth place. Another finding is that front-end loading and reduction of 

interdependencies between NPD activities do not differ much from each other. These insights 

should be taken into consideration when companies will implement these techniques based on 

effectiveness.  

  
Table 22 Analysis on the position of methods and techniques in the orientation stage 

 
 

In the creation stage, the following methods were chosen as most effective to accelerate the NPD 

cycle time:  

1. Single project involvement employees 

2. Design for manufacturability 

3. Simulated prototype testing 

4. Co designing 

5. Open-Stage-Gate model / Design Structure Matrix 

Which method or technique is most effective to accelerate NPD cycle time? 2nd criteria

Stage Methods and techniques

Orientation Involving all business functions in NPD process 12 63% 44 3 42% 2,3 1,2

Orientation Scenario planning 11 58% 32 4 45% 3,1 1,3

Orientation Lean Startup 10 53% 36 2 40% 2,4 1,0

Orientation Lead user involvement 9 47% 34 2 44% 2,2 1,3

Orientation Reduction of interdependencies between NPD activities 8 42% 20 5 38% 3,5 1,4

Orientation Front-end loading 8 42% 18 5 50% 3,8 1,5

Orientation Supplier involvement in NPD process in early stages of NPD process 6 32% 12 4 50% 4,0 1,0

Orientation Road mapping 5 26% 18 1 | 3 40% 2,4 1,2

Orientation Emphasis on incremental improvements instead of radical innovations 5 26% 17 3 40% 2,6 1,0

Orientation Emphasizing customer (latent) needs 4 21% 14 2 | 3 50% 2,5 0,5

Orientation Reduction of time between idea generation, screening and development 4 21% 9 5 50% 3,8 1,3

Orientation Formalizing the fuzzy front end 3 16% 12 1 67% 2,0 1,4

Orientation Market simulation techniques 3 16% 7 2 | 4 | 5 33% 3,7 1,2

Orientation Knowledge mapping 2 11% 4 3 | 5 50% 4,0 1,0

Orientation Web-enabled idea bank 1 5% 2 4 100% 4,0 0,0

Orientation Organising pitch nights 0 0% 0

* based on given position by the participants: no 1. = 5 points, no. 5 = 1 point

Participants including 

method (amount | %)

St. Dev. 

position

Average 

positionPoints*

Most given position by 

participants (pos. | 

1st criteria 3rd criteria
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The first position in the creation stage clearly exceeds the other methods. The other methods in 

the top 5 score quite similarly to each other based on the criteria.  Since the score of the Design 

Structure Matrix and the Open-Stage-Gate model are the same, they are both placed fifth.  

 
Table 23 Analysis on the position of methods and techniques in the creation stage 

 
  

In the preparation stage, the following methods were chosen as most effective to accelerate the 

NPD cycle time:  

1. Use of existing components in designing new products 

2. Reduction of number of components in new products 

3. Involve suppliers in the production startup 

4. Total quality management 

5. Six sigma 

 

The positions of the methods in the preparation stage are clear. There is a quite a big gap between 

fourth and the fifth position. Therefore, it is worth considering whether to implement Six Sigma 

in the NPD process.  

 
Table 24 Analysis on the position of methods and techniques in the preparation stage 

 
  

In the implementation stage, the following methods were chosen as most effective to accelerate 

the NPD cycle time:  

1. Lessons learned 

2. Use limited rollouts  

 

Which method or technique is most effective to accelerate NPD cycle time? 2nd criteria

Stage Methods and techniques

Creation Single project involvement employees 13 68% 43 1 31% 2,7 1,5

Creation Design for Manufacturability 9 47% 26 3 44% 3,1 1,4

Creation Simulated prototype testing 8 42% 22 2 | 4 | 5 25% 3,3 1,4

Creation Co designing 7 37% 21 3 43% 3,0 0,8

Creation Design Structure Matrix (DSM) 7 37% 20 2 | 5 29% 3,1 1,5

Creation Open-Stage-Gate model 7 37% 20 1 | 3 | 5 29% 3,1 1,6

Creation Development of product of modular design 6 32% 23 1 | 2 33% 2,2 1,1

Creation Concurrent engineering 5 26% 18 2 40% 2,4 1,0

Creation Reducing the supply base 4 21% 20 1 100% 1,0 0,0

Creation Quality Function Deployment (QFD) 4 21% 15 2 50% 2,3 1,1

Creation Increasing quality requirements suppliers 3 16% 13 2 67% 1,7 0,5

Creation Contract out design, development and production of components/ parts 3 16% 9 2 | 3 | 4 33% 3,0 0,8

Creation By designing new products take next generation products into account 3 16% 6 3 | 4 | 5 33% 4,0 0,8

Creation Buying license of components/ parts 2 11% 4 5 50% 4,0 1,0

Creation Digital twins 1 5% 3 3 100% 3,0 0,0

Creation CAD / CAM systems 1 5% 2 4 100% 4,0 0,0

Creation Design for Six Sigma (DFSS) 1 5% 1 5 100% 5,0 0,0

Creation Reduction of number of marketing activities 1 5% 1 5 100% 5,0 0,0

Creation Use of VR, AR or 3D printing 0 0% 0

* based on given position by the participants: no 1. = 5 points, no. 5 = 1 point

Participants including 

method (amount | %)

Most given position by 

participants (pos. | Points*

1st criteria 3rd criteria

Average 

position

St. Dev. 

position

Which method or technique is most effective to accelerate NPD cycle time? 2nd criteria

Stage Methods and techniques

Preparation Use of existing components/ parts in designing new products 16 89% 68 2 56% 1,8 0,8

Preparation Reduction of number of components/ parts in new products 13 72% 50 1 46% 2,2 1,3

Preparation Involve suppliers in the production startup 11 61% 32 3 36% 3,1 1,1

Preparation Total Quality Management (TQM) 11 61% 29 5 36% 3,4 1,6

Preparation Six Sigma 8 44% 24 3 50% 3,0 1,1

Preparation FPA/ CIM/ mass customization 6 33% 18 3 33% 3,0 1,3

* based on given position by the participants: no 1. = 5 points, no. 5 = 1 point

3rd criteria1st criteria

Participants including 

method (amount | %) Points*

Most given position by 

participants (pos. | 

part.)

Average 

position

St. Dev. 

position
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This ranking was expected, because there are only two methods the respondents could choose 

from.  
Table 25 Analysis on the position of methods and techniques in the implementation stage 

 
 

In all stages, the following methods are chosen as most effective to accelerate the NPD cycle time: 

1. Critical path method 

2. Top management commitment 

3. Work breakdown structure 

4. Carry out activities simultaneously 

5. Design thinking process 

 

This stage did not have conclusive methods in the top 5. Only the critical path method was chosen 

by 50% of the participant in the top 5. The other methods in the top 5 are included by 28% of the 

participants. The order of the last four positions was determined based on the points and the most 

chosen position. Although, ‘work breakdown structure’ and ‘carry out activities simultaneously’ 

are interchangeable. Table 26, on the next page, shows the results of the analysis.  

 

4.4 Chapter summary 
This chapter analysed the results of the sorting and ranking task. The sorting task categorised the 

methods and techniques in the stages of the NPD process. Subsequently, for each stage, the most 

effective methods and techniques to accelerate the NPD cycle time were defined. Lastly, those 

methods and techniques were ranked based on three criteria: (1) number of participants who 

included the method in the top 5, (2) number of points awarded to the method or technique based 

on the given position by participants, and (3) most often chosen position in the top 5. The next 

chapter concludes and discusses the results of the analysis. Furthermore, the chapter highlights 

limitations of the study and suggests topics for future research. 

 

Which method or technique is most effective to accelerate NPD cycle time? 2nd criteria

Stage Methods and techniques

Implementation Lessons learned 16 89% 27 1 69% 1,3 0,5

Implementation Use limited rollouts 12 67% 18 1 | 2 50% 1,5 0,5

* based on given position by the participants: no 1. = 5 points, no. 5 = 1 point

1st criteria 3rd criteriaMost given position by 

participants (pos. | 

part.)

Average 

position

St. Dev. 

positionPoints*

Participants including 

method (amount | %)
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Table 26 Analysis on the position of methods and techniques in all stages 

 

  

Which method or technique is most effective to accelerate NPD cycle time? 2nd criteria

Stage Methods and techniques

All Critical Path Method (CPM) 9 50% 34 1 | 2 33% 2,2 1,2

All Top management commitment 5 28% 21 1 80% 1,8 1,6

All Work Breakdown Structure (WBS) 5 28% 18 2 40% 2,4 0,8

All Carry out NPD activities simultaneously 5 28% 18 2 40% 2,4 1,0

All Design thinking process 5 28% 15 1 | 5 40% 3,0 1,8

All Milestone planning 4 22% 17 1 50% 1,8 0,8

All Speed up carrying out of activities in NPD process 4 22% 14 1 | 2 | 3 | 4 25% 2,5 1,1

All Reduction of number of organization layers 4 22% 11 1 | 3 | 4 | 5 25% 3,3 1,5

All Concentration on value driven activities 4 22% 10 3 | 4 50% 3,5 0,5

All Project champions 4 22% 10 2 | 5 50% 3,5 1,5

All Stimulating team work and esprit de corps 3 17% 10 1 | 3 | 4 33% 2,7 1,2

All Hybrid Agile-Stage-Gate model 3 17% 8 1 | 4 | 5 33% 3,3 1,7

All Schedule compression techniques 3 17% 8 2 | 3 | 5 33% 3,3 1,2

All Implementation of information and flexible organizational structure 3 17% 7 4 67% 3,7 0,5

All Emphasizing time schedules and deadlines 2 11% 9 1 | 2 50% 1,5 0,5

All Empowerment 2 11% 8 1 | 3 50% 2,0 1,0

All Gantt chart 2 11% 8 2 100% 2,0 0,0

All Knowledge management 2 11% 8 1 | 3 50% 2,0 1,0

All Task list 2 11% 8 1 | 3 50% 2,0 1,0

All Value Stream Mapping 2 11% 6 2 | 4 50% 3,0 1,0

All New information and communication technologies 2 11% 5 3 | 4 50% 3,5 0,5

All Training of employees involved in NPD 2 11% 3 4 | 5 50% 4,5 0,5

All Reduction of delivery times 1 6% 5 1 100% 1,0 0,0

All Critical Chain Project Management (CCPM) 1 6% 4 2 100% 2,0 0,0

All Elimination of slack time 1 6% 4 2 100% 2,0 0,0

All Product Breakdown Structure (PBS) 1 6% 4 2 100% 2,0 0,0

All Use of big data 1 6% 4 2 100% 2,0 0,0

All Link up NPD activities 1 6% 3 3 100% 3,0 0,0

All Earned Value Management (EVM) 1 6% 3 3 100% 3,0 0,0

All Rolling wave technique 1 6% 3 3 100% 3,0 0,0

All Take a holistic appraoch 1 6% 3 3 100% 3,0 0,0

All Use of partnerships /  alliances 1 6% 3 3 100% 3,0 0,0

All Delegation of responsibility 1 6% 2 4 100% 4,0 0,0

All Implementation of JIT/KANBAN 1 6% 2 4 100% 4,0 0,0

All Scrum (agile way of working) 1 6% 2 4 100% 4,0 0,0

All Simplification of formal procedures 1 6% 2 4 100% 4,0 0,0

All Use of new venture units 1 6% 2 4 100% 4,0 0,0

All Innovation garage 1 6% 1 5 100% 5,0 0,0

All Lean Product Development 1 6% 1 5 100% 5,0 0,0

All Promoting open cummunication between all participants in NPD process 1 6% 1 5 100% 5,0 0,0

All Rewarding up-to-date knowledge 1 6% 1 5 100% 5,0 0,0

All Spiral development 1 6% 1 5 100% 5,0 0,0

All Application of resource intensive techniques 0 0% 0

All Enhance physical closeness of members of NPD project team 0 0% 0

All Job rotation 0 0% 0

All Lean Knowledge Management 0 0% 0

* based on given position by the participants: no 1. = 5 points, no. 5 = 1 point

1st criteria 3rd criteriaMost given position by 

participants (pos. | 

part.)

Average 

position

St. Dev. 

positionPoints*

Participants including 

method (amount | %)
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5 CONCLUSION & DISCUSSION 

This last chapter concludes the research. An answer to the research question and advice to 

companies on the implementation of the results are offered. The discussion reviews the 

theoretical and empirical implications, as well as the limitations of the research. Furthermore, 

suggestions are provided for future research.    

5.1 Conclusion 
The goal of this research was to provide an updated and extended overview of methods and 

techniques which can be used to accelerate the NPD cycle time and to discover which methods 

and techniques are most effective to implement in the several stages of the NPD process. This 

research is particularly relevant for two reasons. The most recent research on the available 

methods and techniques to accelerate cycle time dates back to 1999. Since then, many new 

methods and techniques have been developed and therefore the current state of affairs should be 

updated (Griffin et al., 2019). Secondly, research has shown that companies in different stages do 

not use one single mechanism to achieve NPD cycle time reduction (Eling et al., 2013; Bendoly & 

Chao, 2016). Therefore, the updated overview is extended with a categorisation of the methods 

and techniques in the stages of the NPD process. The following research question was posed: 

“Which methods and techniques can NPD project managers best use at which stage of the NPD 

process to accelerate cycle time?”. The results show that the goal of the research is fulfilled. Figure 

8, on the following page, gives a compact overview of the results.  

To start, the first conclusion that can be drawn from the results is that 89 methods and techniques 

can be used by project managers to accelerate the NPD cycle time. These consist of 50 methods 

and techniques from Langerak et al. (1999) and 39 newly discovered methods and techniques. 

The latter are highlighted in blue in Figure 8. The new methods and techniques are derived from 

a literature review. The review followed a systematic approach in order to ensure it was complete 

and thorough. 

In addition, the results show a classification of the methods and techniques in the stages of the 

NPD process. This is relevant, because many methods and techniques are more effective in a 

separate stage than in all the stages. Project managers performed an assortment task to sort the 

methods and techniques in the different stages of the NPD process. Half of the methods and 

techniques are mostly allocated to the orientation and creation stage. The other half are selected 

to use at all stages of the NPD process.  

Finally, a ranking of the five most effective methods and techniques to accelerate NPD cycle time 

are depicted per stage. Most stages include many methods and techniques. The rankings make it 

easier for companies to select a method that is most effective in accelerating the NPD cycle time. 

Project managers performed the ranking task in order to include empirical support. A clear 

ranking mainly emerged in the orientation, preparation and implementation stages.  
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Figure 8 Overview of results 

5.2 Discussion 

5.2.1 Theoretical implications 
This thesis contributes to academic literature in four ways. Firstly, by identifying 39 new methods 

and techniques which are currently useful to accelerate the NPD cycle time. Herewith, updating 

and extending the overview of methods and techniques accelerating the NPD cycle time (Langerak 

et al., 1999). Research  into the evolution and status of NPD cycle time (Griffin et al., 2019) 

indicates that most of the research into tools and techniques accelerating NPD cycle time was 

published before 2000. Therefore, Griffin et al. (2019) suggest in their research agenda that new 

tools should be identified. This thesis has identified 39 new methods and techniques in the 

literature after 1999. Some of these methods originated before 1999 but were only applied to the 

new product development process years later. Scrum, six sigma and lean management are some 

examples. There are also techniques that have been developed in recent years and used in 

practice, but for which there is not yet scientific evidence regarding the effectiveness. This 

concerns digital twins, pitch nights, innovation garages and VR, AR or 3D printing hackathons. The 

new methods and techniques are combined with the methods and techniques from the article of 

Langerak et al. (1999). This has resulted in an updated and extended overview of methods and 

techniques accelerating the NPD cycle time. The overview is comprehensive combining many 

different types of methods and techniques derived from theoretical and empirical analysis.  

Secondly, assigning the revealed methods and techniques into the separate stages of the NPD 

process was a contributing factor. Thus, a stage-wise approach was applied to methods and 

techniques accelerating NPD cycle time. Research reveals that a stage-wise approach is deemed 

necessary, because it is more effective towards NPD cycle time acceleration (Eling et al., 2013; 

Bendoly & Chao, 2016). It allows companies to save time when several methods and techniques 

are not applied to all the stages, but solely to a certain NPD stage. Due to the different 

characteristics of the NPD stages, not all methods and techniques will be effective at each stage. 
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For this reason, our research has involved experts who sorted the methods and techniques into 

the stages of the NPD process.  

Thirdly, determining a top 5 of methods and techniques which are most effective in order to 

achieve the most time savings in the NPD process was another contributing factor. The research 

of Griffin et al. (2019) emphasises that there is limited empirical support for the effectiveness of 

NPD acceleration approaches. We were therefore motivated to perform the research with an 

expert panel of project managers. All the acceleration methods and techniques were presented to 

the experts. The experts determined if these methods and techniques would accelerate the NPD 

cycle time. If so, they determined which of them are most effective to implement in order to save 

time in the NPD process. This in turn led to a ranking per NPD stage with the five most effective 

methods or techniques. 

Last but not least, indicating some unexpected patterns on the level of methods and techniques 

was the final contribution. For example, the Open-Stage-Gate model was sorted into a different 

stage to what was expected. Our results show that project managers define the Open-Stage-Gate 

model as most effective in the creation stage, while literature emphasises that this model is 

applicable in the whole NPD process (Cooper, 2008; Grönland et al., 2010). In the ideation stage, 

companies can look externally at start-ups and inventors for technologies to use for internal 

development. The development stage can be used to acquire external developed innovations or 

out-license internal developed innovations. In the commercialisation stage, companies can in- or 

out-license commercialised products to gain direct sources for growth or to create more value 

elsewhere (Cooper, 2008). The contradictory findings may be explained by the fact that both these 

studies did not specifically research at which stage the implementation of open innovation would 

result in the most time savings. Furthermore, recently identified acceleration tools such as pitch 

night, innovation garage, digital twins and VR hackathons are not included as most effective 

methods to accelerate the NPD process. Three of them are even indicated as non-accelerating by 

two or three respondents. However, from the literature, it is derived that these methods would 

help incumbent firms to accelerate their NPD cycle time (Brossard et al., 2018). Research of 

McKinsey&Company shows that an effective use of VR hackathons can even lead to a cycle time 

reduction of 15%. The results of our study do not confirm the effectiveness of the methods, 

possibly due to the setting of the studies. The case study of McKinsey&Company was performed 

at manufacturing firms, while our research was performed at a FMCG.  

5.2.2 Managerial implications 
The methods and techniques provided in the overview (Figure 8) help managers to find the right 

method or technique to implement at a certain NPD stage to achieve a faster cycle time. It 

specifically shows for each stage which methods and techniques score high or low in terms of 

effectiveness in achieving time savings. Furthermore, these results indicate that not all methods 

and techniques can be implemented in the whole NPD process. In fact, half of the methods and 

techniques are most effective at solely a certain stage of the NPD process. This leads to the issue 

for project managers as to whether they should implement methods or techniques that are useful 

in the whole NPD process or at just one stage. In order to make the right choice, project managers 

should first determine the cycle time of their NPD process and define where in the process the 

most delays occur (Griffin, 1997). This will create awareness and urgency for change among the 

project team and the project managers (Kotter & Cohen, 2012). Subsequently, they can decide 

whether they want to implement a method or technique in all the stages of the NPD process or in 

separate ones. Although, implementation of a method or technique in a selected stage will not 
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necessarily result in a direct effect on the cycle time of that stage, but is more likely to affect the 

total cycle time of the NPD process. Criteria to take into account are efficiency, time-cost trade-

offs, time-quality trade-offs and in-house knowledge. On the one hand, it is expected that 

implementation of methods and techniques in all the stages is more efficient, because project 

managers can apply one method for the whole process. On the other hand, applying one method 

in all the stages is less effective (Eling et al., 2013; Bendoly & Chao, 2016). Trade-off criteria have 

not been included in the current research, but other companies should look into this. When 

choosing a method, it is therefore recommended to include the time-cost trade-off (Gupta et al., 

1992; Crawford, 1992; Bayus, 1997) and the time-quality trade-off (McNally et al., 2011; Lukas & 

Menon, 2004). The last criterion to consider when choosing a method is in-house knowledge. 

Large firms could have other business groups or departments which already use a method or 

technique from the overview, thus knowledge is already available which makes it easier to 

implement. 

In order to eventually gain time savings, the chosen methods and techniques must be 

implemented. However, implementation of these methods and techniques in an organisation is 

not simple. We will discuss two approaches in this section: a general approach to organise change 

and an approach to implement the most effective methods and techniques in all stages of the NPD 

process, in particular the orientation stage.  

Kotter and Cohen (2012) state that changes in an organisation need extra attention to make it 

successful, whether it addresses new technologies, different strategies or restructurings in entire 

organisations or only in work groups. They suggest that companies follow eight steps to enable 

change well: (1) increase urgency, (2) build the guiding team, (3) get the vision right, (4) 

communicate for buy-in, (5) empower action, (6) create short-term wins, (7) don’t let up, and (8) 

make change stick (Kotter & Cohen, 2012, p. 6). So, first of all it is important to make people in 

your team aware of the need to accelerate NPD cycle time, and the role methods and techniques 

can play in this. Furthermore, it is advised to build a team who is able to lead the change, can create 

a simple and uplifting vision and can communicate this vision to those who are critical in creating 

understanding and commitment. Short-term wins will subsequently provide credibility, resources 

and momentum. Short-term wins are motivators for change and can reduce the resistance to 

change. In order to create short-term wins, companies should start with determining which 

methods or techniques are least time-consuming to implement. Lastly, companies should stay in 

the momentum of change until the methods and techniques are implemented. 

 

Informal interviews with the project- and portfolio management team and the two online 

workshops have led to insights in the order of implementation for the most effective methods and 

techniques. In this section, we have chosen to focus on the methods and techniques at the 

orientation stage and the ones which are effective at every stage. This choice is based on the 

current delays in the orientation stage and the pre-existing awareness that change is needed at 

this stage. Although the choice for the stages is company specific, the mode of implementation can 

also be applied to other companies.  

Orientation stage – Involving all business functions in the NPD process is chosen as most 

effective methodology at the orientation stage. In order to implement this in an organisation, it is 

important to choose key players from each organisational function. Additionally, these people all 

need to have an equal stake in and commitment to the project (Cooper, 2008). It is advised to start 
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by implementing this methodology, because it will help to have everyone on the team when 

approaching lead users.  

Thereafter, involving the lead user in the development of the product is useful to gain time savings. 

However, it requires significant modifications to the process. Lüthje and Herstatt (2004) suggest 

taking four steps in order to implement lead user methods in the organisation: (1) define the goal 

you want to achieve with the lead users, (2) identify the needs and trends in your market, (3) 

identify the lead users, and (4) generate improved product concepts with the lead users through 

workshops and evaluations.  

Lean Startup is the third methodology to implement in the organisation. It is also a method to 

gather information from your users and customers. For the implementation of Lean Startup, we 

advise gaining experience and knowledge from other business units within the organisation who 

already use this method. Furthermore, Ghezzi (2019) recommends approaching Lean Startup as 

a business model and not just as a product feature test, spending sufficient time to understanding 

the target customers and using agile or digital methods to develop the prototypes or pretotypes.  

All stages – There are five methods and techniques chosen which can be implemented in the 

whole NPD process to accelerate the cycle time. To be able to implement these methods and 

techniques, it is first important to create top management commitment. Top management 

commitment will lead to project teams who are more willing to take risks and ownership, and they 

can make resources available (Swink, 2000). One way to gain top management commitment is the 

use of project champions. Project champions are individuals who enthusiastically promote and 

contribute to the project, overcome resistance and build positive behavioural support (Howell & 

Higgins, 1990; Markham, Green & Raja, 1991). They can help to gain commitment from top 

management through the use of influence tactics like inspirational appeal, rational persuasion and 

consultation (Gattiker & Carter, 2010).  

Subsequently, it is advised to implement the Work Breakdown Structure (WBS) and Critical Path 

Method. These methods are already used in the case firm and are therefore easy to implement. 

Good implementation of WBS in a project requires a clear problem statement or scope definition, 

idea-generation sessions to define the WBS elements and a committed project manager 

(Brotherton, Fried & Norman, 2008). The WBS provides insight into critical activities which can 

be defined in a Critical Path. The critical path can strengthen the project’s team perception and 

define which  activities can be carried out simultaneously to save time. For instance, companies 

can already start preparations in the factory while they are still testing in the pilot plant.  

Lastly, the design thinking process would be a useful method to prepare pretotypes along the way 

and gain feedback from the customer during the process. Implementing a design thinking process 

requires some organisational conditions. Wrigley, Nusem and Straker (2020) found four 

conditions necessary to implement design thinking in the organisation: (1) strategic vision, (2) 

facilities, (3) cultural capital, and (4) directives.  A strategic vision is needed to make sure that the 

company pursues the right goals and maintains competitiveness. Facilities, such as appropriate 

space and adequate resources, are necessary for a project team to be able to perform the design 

thinking process. With cultural capital, companies should ensure that the project team 

understands why and how design thinking is used. Subsequently, directives are guidelines and 

procedures to guarantee that the project team’s activities align with the vision. Furthermore, 

Luchs et al. (2015) propose some additional guidance to implement design thinking. They suggest 



36 
 

encouraging idea and process debates, specifying the ideas which are no longer open to debate, 

using brainstorming for onboarding of new members and sharing past elements of the design 

journey. 

 

5.2.3 Limitations 
A number of limitations in this research should be noted. Firstly, the study is performed at a single 

company in the fast moving consumer goods industry. Although this allows for a more in-depth 

view on the specific situation of the company, caution is needed for the generalisability regarding 

the findings. Hence, further testing of the results using more cross-industry samples is needed.  

Secondly, the sample size (=20) of the empirical research is limited. Whilst the qualitative nature 

of the study allows a smaller sample size, it reduces the reliability of the study. The twenty 

participants performed an assortment task with the researcher present. This allowed the 

researcher to explain the purpose and procedure of the task. Additionally, participants could ask 

questions to the researcher, which ensured that each participant had the same background 

knowledge. Further testing using a larger sample would increase the reliability of the study.  

Thirdly, the research was exploratory in nature. Qualitative methods were used to sort the 

methods and techniques into the NPD stages and rank them by degree of effectiveness. This 

ensures the empirical support for the effectiveness of NPD acceleration approaches. However, a 

quantitative study into the effectiveness by the implementation of the methods and techniques 

towards NPD cycle time would be useful.  

Furthermore, the participants had to sort 89 methods and techniques into the stages of the NPD 

process. This requires a lot of expertise and dedication on the part of the participants. However, 

research (Spencer, 2009) indicates that content items for an assortment could range between 30 

and 100 (with exceptions to 200 items). Future research could consider filtering out similar 

methods and techniques.  

Moreover, the validation of the ranking task was limited. It was a deliberate choice not to validate 

the ranking task with a separate panel. The employees who participated in the ranking task had 

the most experience in project management. Therefore, we expected no better results with a 

validation panel comprised of less experienced employees. In addition, there were time 

constraints and we did not want to hassle the employees. Nevertheless, in the future it would be 

better to establish a second panel to validate the results. 

Lastly, our research did not take trade-offs into account. As explained earlier, time-cost and time-

quality trade-offs do not play a major role in the case firm. However, the effect of trade-offs 

remains an issue for other companies. Multiple studies show that there is a U-shaped relationship 

between development costs and development time (Gupta et al., 1992; Crawford, 1992; Bayus, 

1997). This means that a reduction in development time leads to lower development costs until a 

certain point after which further reduction in development time will increase the development 

costs. McNally et al. (2011) suggest that there is also a time-quality trade-off. Early research into 

correlation between time and quality revealed opposing results, with some researchers finding a 

medium correlation and others an insignificant correlation. However, Lukas and Menon (2004) 

suggest that this may be the result of the inverted U-shape relation, where speed-to-market 

improves product performance.  
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5.2.4 Future research 
The limitations of the study lead to several suggestions for future research. Replicating the study 

with a larger sample size at cross-industry companies is suggested to achieve more reliable 

results. Making the study quantitative would be useful in order to statistically support the 

effectiveness of the methods and techniques on the NPD cycle time. This would also help 

companies make a deliberate choice in the methods and techniques to implement in their 

organisation.  

In addition, further research in the variances between the results of the participants should give 

more insight. The reasoning why certain people choose to determine a method or technique as 

accelerating and others not could be useful for implementation. It would be valuable to investigate 

whether these differences are based on experience, culture or other factors.  

Moreover, we propose to incorporate different types of projects in the research. Companies have 

mostly different type of projects such as radical innovations, improvements and rollouts. These 

projects need a different kind of approach (Ettlie, Bridges & O’Keefe, 1984). Thus, it is expected 

that certain methods and techniques are better applicable at radical projects than for 

improvement projects. Appendix 2 provides a short insight of the features and settings for some 

of the methods and techniques.  
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APPENDIX 2. List of new methods and techniques 

 

New methods and techniques Definition Relation to accelerating NPD cycle time Additional studies Feature / setting / culture
Co designing Co-designing is the process of generating and selecting the right ideas by 

customers. First, small group of customers provide firms with possible 

designs and content for new products. Second, a larger group of customers 
advises the firm which product design to select for further adoptation 
(O'Hern & Rindfleish, 2010). 

Implementing the co-designing process has multiple advantages. The help of 
the customers results in much lower development costs and in a faster cycle 

time, because customers actively participate in contributing new content and 
selecting the right content (O'Hern & Rindfleish, 2010). 

Concurrent engineering Concurrent engineering is an approach which tries to speed up development 
activities by tackling certain steps in parallel (Williamson & Yin, 2014).

Empirical research showed that companies are able to reduce the cycle time 
by applying concurrent engineering at every department throughout the NPD 
process. Team members work in parallel on differnt elements under the 

supervision of one leader (Williamson & Yin, 2014). 

Bogus, Molenaar & 
Diekmann (2005) - risks 
concurrent engineering.

Setting/ culture. Research 
applied in Chinese 
companies. 

Critical Chain Project 
Management (CCPM)

The basic defintion of the critical chain is to simply identify the constraint of 
the project or, "the sequence of dependent events that prevents the project 
from completing in a shorter interval. Resource dependencies determine the 
critical chain as much as do task dependencies" (Leach, 2014). 

Leach (2014) states in his book that the benefits of CCPM offers more 
predictable project success, shorter project duration and greatly improved 
organizational project throughput. 

Zhang & Jin (2014) - 
overcoming negative 
effects on innovation and 
change.

Setting/ culture. Study 
Zhang & Jin (2014) 
experiment in controlled 
laboratory setting at college 
in China. 

Design for Six Sigma (DFSS) Design for Six Sigma (DFSS) is associated with Six Sigma and focuses on 
designing or redesigning of products and processes. The goal of 
(re)designing products and processes is to achieve greater quality and 
reliability and maximum product value (Gremyr & Fouquet, 2012). The DFSS 
process includes the voice of the customer by (re)designing the products and 
processes (Wang, Yeh, Shu, 2016).

Empirical research confirmed that succesful implementation of DFSS can 
result in reduced costs and development time (Gremyr & Fouquet, 2012). 

Yang & Cai (2009) - no 
direct experience of DFSS 
accelerating NPD.

Feature.  DFSS can best be 
used at the earlier stages of 
the product life cycle 
(Gremyr & Fouquet, 2012).

Design Structure Matrix (DSM) A DSM is a visual representation of the interrelationships between activities 

which can help to better cope with uncertainty and therefore deal with the 
complexity of NPD projects (Pons, 2008).

The DSM project representation results in an improved and more realistic 

execution schedule for the NPD project (Chen, Ling & Chen, 2003).

Design thinking process Design thinking is an iterative process by generating insights in customers 
problems, quickly developing prototypes and testing them with the 
customers. In this way it is possible to act quickly and adequately on 
customer changes and incorporate this in the NPD process (O'Reilly & Binns, 

2019). 

Empirical research shows that the design thinking process can accelerate the 
new product development process through rapid prototyping and testing 
(O'Reilly & Binns, 2019). 

Luchs, Swan & Griffin 
(2015) - book about design 
thinking.

Feature.  Increase 
incremental innovation, but 
less useful for disruptive 
change (O'Reilly & Binns, 

2019).
Digital twins Digital twins are virtual counterparts of physical products (Brossard et al., 

2018).
Digital twins can sync existing product information with usage and 
performance data of actual products during their life cycle. This allows them 
to monitor unmet needs and problems of the customer and transform this in 
breakthroughs of new products, cycle time reductions and decrease in 
expenses (Brossard et al., 2018).

Earned Value Management 
(EVM)

EVM is a method to monitor and control a project. It combines schedules, 
resources and the scope to measure the progress in a project (Project 
Management Institute, 2013) from project initiation to project closure 
(Barkley, 2008). 

Swink (2003) states in her research that a good implementation of project 
management techniques and approaches can lead to NPD acceleration. The 
different project management tools in this section can all be used in new 
product development processes. The right scheduling and the use of linkages 
between activities can accelerate the process (Barkley, 2008). 

Formalizing the fuzzy front 

end

This methodology gives more structure to the fuzzy front. This is important 

in order to achieve consistent market understanding by generating market 
intelligence instead of ad-hoc interactions with the market (Flint, 2002). 

Formalizing the fuzzy front-end with consistent market understanding will 

improve new product ideation and shorten the cycle time of these processes 
(Flint, 2002).

Setting. Focus on customer 

information to improve 
product definition in order 
to accelerate time between 
succesive stories.

Front-end loading With front-end loading project managers gather information in the begin 
phase of the project. Front-end loading activities include: preliminary 
assessment, technical assessment, source-of-supply assessment, market 

research, concept testing, value-t-the-customer assessment, product 
definition and business and financial analysis (Cooper, 2019). 

Research of Cooper & Edgett (2008) states that research in the early days of a 
new product project pays off. Preliminary research, just enough to make the 
right go-to-development decision and define the project and product, can 

result in time savings and higher succes rates in the development process.

Feature.  Applied in the 
early stages of the NPD 
process. 

Gantt chart A chart representation of the project tasks and their relationships (Barkley, 
2008)

Swink (2003) states in her research that a good implementation of project 
management techniques and approaches can lead to NPD acceleration. The 
different project management tools in this section can all be used in new 
product development processes. The right scheduling and the use of linkages 

between activities can accelerate the process (Barkley, 2008). 
Holistic appraoch Holistic approach combines cross-functional teams, with determined project 

members and a determined team leader (both staying from beginning to end 
of the project) with full support from senior management (Cooper & Edgett, 
2008). 

Effective cross-functional teams are important in projects in order to reduce 
NPD cycle time and have the product on time in the market (Cooper & Edgett, 
2008). 

Setting.  Productivity (e.g. 
time to market) measured 
for 105 firms in different 
industries. 

Hybrid Agile-Stage-Gate model The Hybrid Agile Stage-Gate is a combination of the Stage-Gate process with 

Agile methodologies. It combines the structure of stages and gates with short 
cycle iterations and self-organised teams (Planisware, n.d.). 

The Agile-Stage-Gate model has multiple benefits. It is customer-oriented by 

building in the voice of the customer and more responsive to customer 
change herewith reducing the cycle time of the NPD process(Cooper & 
Sommer, 2016). 

Cooper & Sommer (2018) - 

empirical evidence that 
Agile-Stage-Gate 
accelerates time-to-market. 

Setting. Leading 

manufacturers in North 
America and Europe used 
as case studies (Cooper & 
Sommer, 2018).

Innovation garage An innovation garage is a "self-contained "group responsible for quickly 
generating new ideas with minimal overhead". Important for these 
innovation garages is that the team must consist of members of each R&D 

function and that they get the room of the executive to perform meaningful 
work (Brossard et al., 2018).

The full focus of an innovation garage can lead to quickly realisation of 
products (mostly based on uncovential product ideas), since they are 
somewhat apart from the core business (Brossard et al., 2018).

Job rotation Job rotation is a technique to rotate employees through several positions in 
the organization to exchange knowledge and information and learn different 
skills and responsibilities (Huang, 1999). 

Job rotation is a technique to reduce NPD time, through the organizational 
capability of cross-functional integration and stimulus on innovation  
(Sanchez & Pérez Pérez, 2003; Belliveau, Griffin & Sommermeyer, 2004).

He, Sun & Chen (2016) - 
showed positive relation 
between between job 
rotation and technial 

support on NPD speed. 

Setting. Survey is 
performed by 725 
manufacturing firms in 20 
countries (He, Sun & Chen, 

2016).
Knowledge management Knowledge management is the process of capturing knowledge and sharing it 

in- and outside of the organization. Knowledge management becomes more 
important and is considered to be key in sustaining competitive advantage 
(Corso et al., 2001). 

Knowledge management increases the product performance, which is 
measured by multiple variables. One of the variables is the reduction of the 
unit's product development time. All the variables increased significantly in 
the presence of higher knowledge sharing (Kahn, 2013).

Sherman, Berkowitz & 
Souder (2005) - KM 
combined with R&D-
marketing integration has 
positive effect on NPD 

speed.
Knowledge mapping A knowledge map is a visual representation of the captured information and 

relationships. This enables the learning and communication of knowledge 
throughout the organization at different departments and levels. A 
knowledge map can help the organization to implement knowlegde 
management (Vail, 1999). 

Organizations need to reduce their cycle time in order to sustain their 
competitive advantage. In order to do so, companies should capture 
knowledge and make it accesible for everyone in the organization. A 
knowledge map is a good tool for this. Thus, knowledge mapping can 
indirectly increase the acceleration of the NPD process (Vail, 1999).

Lean Knowledge Management Lean Knowledge Management is the process of "getting the right 
information, in the right form, to the right people at the right time" (Rooke et 
al., 2010). 

Lean knowledge management can realize efficiency and better product 
development cycle time by reducing waste. As an example, V-Comm (lean 
knowledge information management system) aided Toyota to reduce the car 
development time from 18 months to 11 months (Yang & Cai, 2009).

Setting.  Empirical research 
performed at Toyota, car 
industry (Yang & Cai, 2009). 

Lean Product Development Lean Product Development is derived from the lean production methodology 
from Toyota Motor Company, and implements these lean principles in 
product development process. The lean product development process 

focuses on delivering higher product value with less resources. This is 
achieved by capturing the voice of the customer, using the right technology 
for designing products and decreasing waste in the development process 
(Yang & Cai, 2009).

Lean product development process can deliver products with higher 
customer value with less resources and time achieving a faster time to 
market (Yang & Cai, 2009).

Letens, Farris & Van Aken 
(2011) - multi-level 
framework of Lean Product 

Development.          
Browning (2003) - value-
adding activities in product 
development.

Lean Startup Lean startup translates a specific entrepreneurial vision into a new product 
with an associated emerging business model. Subsequently, prototypes and 

minimum viable products are designed to thoroughly validate specific 
business model specifications or product features (Rasmussen & Tanev, 
2015).

Lean Startup can shorten the time to market by helding experiments, product 
testings and validated learnings with users and customers throughout the 

NPD process (Frederiksen & Brem, 2017). 

Edison, Smørsgård, Wang & 
Abrahamsson (2018) - 

multiple case study how 
Lean Startup can enable 
innovation in large firms.

Lessons learned Lessons learned is a methodology to perform learning activities before, 
during and after a project, resulting in benefits for the project team. Lessons 
learned can contribute to the individuals experience and the companies 

knowledge base (Griffin & Sommermeyer, 2007). 

With lessons learned companies can share what went well and which  
mistakes to prevent from happening. This can result in faster product 
development of following projects (Griffin & Sommermeyer, 2007).

Goffin, Koners, Baxter & 
Van der Hoven, 2010  -  
managing lessons learned 

in NPD. 

Feature. Lessons learned 
can be applied throughout 
all the stages in the NPD 

process. 
Milestone planning Milestone planning is a scheduling tool representing milestones against a 

time scale (Martinelli & Milosevic, 2016). A milestone is defined as a result to 
be achieved. Milestone planning requires result-oriented thinking, since a 
milestone describes what is to be done, but not the way it should be done 
(Dvir, Raz & Shenhar, 2003).

Swink (2003) states in her research that a good implementation of project 
management techniques and approaches can lead to NPD acceleration. The 
different project management tools in this section can all be used in new 
product development processes. The right scheduling and the use of linkages 
between activities can accelerate the process (Barkley, 2008). 

Open-Stage-Gate model The open-stage-gate model integrates open innovation in the Stage-Gate 

model. Open innovation is defined by Chesbrough as “the use of purposive 
inflows and outflows of knowledge to accelerate internal innovation, and 
expand the markets for external use of innovation, respectively” (Grönland et 
al, 2010). Open innovation can be applied at the several stages of the NPD 

process. For instance through the use of start-ups in the ideation stage or to 
in- or out-license commercialized products at the commercialization stage 

(Cooper, 2008). 

The open Stage-Gate model can achieve a faster time to market for products 

through a balanced use of in- and outside knowledge. The model reminds the 
NPD team and gate keepers to pay attention to the opportunities of opening 
up the NPD process for import and export of know-how and technology 
(Grönland et al, 2010). 

Feature.  Applicable at each 

stage of the NPD process 
through the several ways of 
in- and outsourcing 
(Cooper, 2008).

Partnerships /  alliances Partnerships and alliances are colloborations between to companies. A 
partnership entails the share of the business's loss or profits, while 
companies with an alliance keep their independent status (Vergauwen et al., 
2010). 

Combining the knowledge, resources and information of two companies can 
help companies to respond faster on changing environments and accelerate 
their NPD processes (Brettel & Cleven, 2011).

Setting. To empirically test 
the research model 254 
technology-based firms 
across several industries 
are used.
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Pitch night Pitch night is an organised event by a company who invite start-ups to 
consider an R&D challenge and derive solutions from their innovations 

(Brossard et al., 2018).

At large firms R&D activities mostly take place in a multistage process, where 
departments hand over the task when they are finished. This makes it more 

difficult to integrate the customer needs at different stages, resulting that 
products need to be redone or miss the goal leading to a longer development 
time. Pitch nights can prevent this because of the optimal use of start-ups 
who are able to easily inform their stakeholders and participate in creative 

endeavors (Brossard et al., 2018).
Product Breakdown Structure 
(PBS)

Product Breakdown Structure is a technique to breakdown new product 
development projects in smaller parts, by decomposing the product in 
elements (Barkley, 2008). 

Swink (2003) states in her research that a good implementation of project 
management techniques and approaches can lead to NPD acceleration. The 
different project management tools in this section can all be used in new 

product development processes. The right scheduling and the use of linkages 
between activities can accelerate the process (Barkley, 2008). 

Road mapping A roadmap is a visual representation of the driving forces of a business to 
increase communication. The mapping process is a valuable way to share 
knowledge and define the project team’s resources, capabilities, and skills 

(Belliveau et al., 2004).  

Road mapping is a tool to accelerate the opportunity identification, which is a 
step within the fuzzy frond end. The identification process considers new 
technological or business opportunities and allocate resources to these new 

areas. For example, opportunities for capturing competitive advantage, 
simplify operations, speed them up, or reduce their cost (Belliveau et al., 
2004). 

Feature.  Mostly used as 
opportunity identification 
(Belliveau et al., 2004).

Rolling wave technique The rolling wave technique has the plan completed for each stage at the end 

of the preceding stage. Making adaptations in the process easier (Collyer & 
Warren, 2009). Hence, elements at a high level of the WBS which are being 
developed should be decomposed, whereas elements later in the process can 
remain at a high level (Ledwith & O'Callaghan, 2002).

The rolling wave techniques combines flexibility and structure in a process 

(Ledwith & O'Callaghan, 2002). This accelerates the front-end planning 
process and shortens the time to market. Because a better estimate of short-
term needs is possible (Griffin & Sommermeyer, 2007).

Feature. Highly useful for 

uncertain projects where 
the full development path is 
yet unclear (Griffin & 
Sommermeyer, 2007).

Scenario planning With scenario planning a company proposes different possible views of the 
project. These views will provide insight into projec time, costs and yields 
(Belliveau et al., 2014). Scenario planning is an approach that attempts to 
harness uncertainty, accept it, and build it into the planning process (Bodwell 
& Chermack, 2010).

By harnessing uncertainty, accept it and build it into the planning process, it 
will result in better estimations of the planning. In addition, with scenario 
planning the best scenario can be chosen with the shortest NPD cycle time 
(Belliveau et al., 2014; Bodwell & Chermack, 2010).

Açikgöz, Latham & Acikgoz 
(2020) - mediating role of 
scenario planning on 
reflection-performance in 
NPD teams.

Setting/ culture. Research 
performed at high tech 
firms in Turkey (Açikgöz, 
Latham & Acikgoz (2020)

Schedule compression 
techniques

Schedule compression is technique that combines the crashing, overlapping 
and substitution of activities. Crashing is adding more resource hours in 
order to shorten the task duration. Substitution is changing the method or 
tool by which the activity is performed. Overlapping is performing sequential 

activities in parallel (Hazini et al., 2013). 

Schedule compression technique can be applied in order to catch up on 
delays or reduce project duration (Hazini et al., 2013).

Scrum Scrum was first identified in 1986 as “a flexible, holistic product development 
strategy where a development team works as a unit to reach a common goal” 

(Cooper, 2016). Scrum is the most used agile method and appears to be best 
applicable on physical products (Cooper & Sommer, 2016). Some attributes 
of scrum are the use of time-boxed sprints, daily scrum meetings, burndown 
charts, sprint backlog lists and srcum masters. 

Sprints can be used for maximum speed in new product development. This 
acceleration can be achieved through the use of time-boxed events. Every 

event has an agreed maximum duration by the project team. This ensures 
that the project team focuses on the essential deliverables instead of a large 
fixed list of functions or requirements (Cooper, 2016). 

Feature. Sprints are mostly 
limited to the development 

and testing stages (Cooper, 
2016).

Six Sigma Six sigma is a methodology that focuses on eliminating defects by measuring 

process capabilities and improving (quality) performance (Johnson & 
Swisher, 2003).

Eliminating defects and making use of the right metrics to improve existing 

processes can lead to succeful implementation of Six Sigma. Resulting in 
resource and time savings and earlier product launches (Johnson & Swisher, 
2003). 

Fiore (2005) - blueprint to 

implement Six Sigma and 
Lean to improve the NPD 
process.

Spiral development Spiral development is an approach linking the need for early and fact-based 

information with the need to be flexible and easily adjust to customer 
changes.  Spiral development makes it possible to integrate customer 
feedback during the NPD process and design mock-ups earlier in the process 
(Cooper, 2008). 

Project teams who make use of spiral development are able to remove 

unncessary work and shorten the time to market for the product, through the 
use of "build-test-feedback-revise" loops (Cooper, 2008).

Feature.  Loops applied at 

every stage of the Stage-
Gate® model. 

Task list Task list represents all the activities that must be done to achieve the 

deliverables of the project (Project Management Institute, 2013). A task list is 
mostly a starting point in the planning of a project, cost and time estimates 

and risk identification can follow from the task list. 

Swink (2003) states in her research that a good implementation of project 

management techniques and approaches can lead to NPD acceleration. The 
different project management tools in this section can all be used in new 

product development processes. The right scheduling and the use of linkages 
between activities can accelerate the process (Barkley, 2008). 

Use of big data “Big data represents the information assets characterized by such a high 
volume, velocity and variety to require specific technology and analytical 
methods for its transformation into value.” (De Mauro, Greco & Grimaldi, 
2015, p.103)

Big data can help firms to shorten their cycle time, reduce costs and improve 
customers' product adoption. Three principles: autonomy (to the NPD 
project team), connection (relationship with customers to understand their 
needs through big data analysis) and ecosystem (innovation and market 

testing environment) can assist firms by the use of big data to support their 

new product development process in order to launch products as quickly as 
possible (Tan & Zhan, 2017). 

Use of VR, AR or 3D printing 
(hackatons)

VR hackatons are gatherings of cross-functional teams in order to refine 
virtual prototypes in real time (Brossard et al., 2018).

With VR hackatons companies are able to gather early customer feedback, 
define preferences (A/B testing) and redesign the product. Companies can 

benefit when they can quickly turnaround new versions of the product. 
Empirical experience shows that effective use of VR hackatons can result in a 
significantly decreae of R&D costs and time to market (Brossard et al., 2018).

McKinsey&Company - 
empirical research on VR 

hackathons.

Setting.  Design and 
manufacturing companies. 

Feature. Good replacement 
of physical prototypes.

Value Stream Mapping A value stream map is a visual representation that captures all the activities, 
resources, cycle time and utilized time needed to go through the 
development process of a product (Tyagi et al., 2015). A VSM helps project 

teams to see and communicate the development process (Parry & Turner, 

2006).

VSM aims to "achieve a lean value stream and time compression through 
avoidance of wasted resources and reduction of non-value-adding iterations" 
(Parry & Turner, 2006). The time compression can lead to acceleration of the 

NPD cycle time. 

Siyam et al., 2013 - 
empirical research on 
difficult usage of VSM in 

LPD

Setting.  Research 
performed at 
telecommunication, jet 

engine, optic and electronic 

and manufacturer of 
aircraft firms (Siyam et al, 
2013).

Web-enabled idea bank A web-enabled idea bank is a platform that enables easy access to service or 
products improvements, and includes connections to customers and 

suppliers (Belliveau et al., 2004).

Strong customer focus improves success rates and profitability, and it results 
in a shorter time to market. Some extra time to execute good market 

research and analysis pays off in terms of better time efficiency and staying 
on schedule (Kahn et al., 2013). Thus, understanding the customer and 
market needs is an important aim to achieve successful product 
development. One of the most effective tools and techniques to be customer 

focused is a web-enabled idea bank (Belliveau et al., 2004).
Work Breakdown Structure 
(WBS)

The Work Breakdown Structure structures a project by providing an 
overview of all the work activities in a project and split this in a hierarchical 
order of smaller units to enable a better estimate in time, costs and resources 

(Hillson, 2003).

Swink (2003) states in her research that a good implementation of project 
management techniques and approaches can lead to NPD acceleration. The 
different project management tools in this section can all be used in new 

product development processes. The right scheduling and the use of linkages 
between activities can accelerate the process (Barkley, 2008). 
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APPENDIX 3. Non-accelerating methods and techniques  

The overview in Table 27 shows the methods and techniques which are identified by respondents 

as non-accelerating. In order to find out why these methods and techniques are identified as non- 

accelerating the table shows characteristics of the respondents. The four characteristics are: (1) 

current function in company, (2) time spend on project management, (3) experience with project 

management, and (4) experience within the company. We could not find direct relationships 

between the characteristics and the methods and techniques. However, it is remarkable that the 

method “use of limited rollouts” is excluded by three participants who all have a lot of experience 

within project management and the company. In several exploratory interviews it also emerged 

that this method is not preferred for the FMCG firm. For future research it could be interesting to 

examine this further.  

Table 27 Overview of non-accelerating methods and techniques 

 

 

 

 

  

Stage Method or technique

Method in 

top 5

Characteristics 

of participants

Time spend 

on PM

Experience 

with PM

Experience 

in the firm

Orientation Involving all business functions in NPD process 11% 2 Y MS C | A A | E A | F

Orientation Knowledge mapping 11% 2 N PM C | E E | B E | F

Orientation Market simulation techniques 11% 2 N PM C | E E | C E | A

Orientation Organizing pitch nights 11% 2 N PM C | E E | C E | A

Orientation

Reduction of time between idea generation, 

screening and development 11% 2 N PM E | E D | D A | B

Orientation Scenario planning 11% 2 Y SC | PM A | E B | B D | F

Orientation

Supplier involvement in NPD process in early 

stages of NPD process 11% 2 N PM E | E D | C A | A

Creation Buying license of components/ parts 17% 3 N PM A | C | E C | E | D C | E | B

Creation

By designing new products take next generation 

products into account 17% 3 N PM E | E | D B | C | A F | A | C

Creation CAD / CAM systems 17% 3 N PM C | E | E E | D | D E | A | B

Creation

Contract out design, development and production 

of components/ parts 11% 2 N PM C | E E | D E | A 

Creation Digital twins 11% 2 N PM D | E E | D E | B

Creation Increasing quality requirements suppliers 22% 4 N PM E | E | D | E B | C | A | D F | A | C | B

Creation Open-Stage-Gate model 11% 2 Y PM C | D E | A E | C

Creation Reducing the supply base 11% 2 N MS | PM A | C C | E C.B | E

Creation Reduction of number of marketing activities 11% 2 N PM C | E E | D E | A 

Creation Simulated prototype testing 11% 2 Y PM C | D E | A E | C

Creation Use of VR, AR or 3D printing 17% 3 N MS | PM A | E | E C | D | D C | A | B

Preparation Six Sigma 17% 3 Y SC | PM D | C | E B | E | D A | E | A 

Preparation FPA/ CIM/ mass customization 28% 5 N SC | PM A | D | E | E | D D | A | D | B  | A E | D | A | F | C

Preparation Involve suppliers in the production startup 17% 3 Y SC | PM D | C | E B | D | A A | A | C

Implementation Use limited rollouts 17% 3 Y MS | PM A | C | E E | E | D F | E | B

All Carry out NPD activities simultaneously 17% 3 Y SC | PM D | D | E B | A | D A | C | A

All Critical Path Method 11% 2 Y SC | PM D | E A | D C | A

All Elimination of slack time 11% 2 N SC | PM D | C A | E D | E

All Use of partnerships /  alliances 11% 2 N PM C | E E | D E | A 

Participants 

excluding method

SC = supply chain A = 0 - 10 A = 1 - 3 A = 1 - 3

MS = marketing / sales B = 10 - 25 B = 3 - 5 B = 3 - 5

PM = project management C = 25 - 50 C = 5 - 10 C = 5 - 10

RD = research & development D = 50 - 75 D =10 - 15 D =10 - 15 

E = 75 - 100 E = 15 - 20 E = 15 - 20

Time in % Years Years

Legend:
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APPENDIX 4. PRL Reliability table 

The table below presents the PRL reliability table from the study of Rust and Cooil (1994). Using 

three factors: (1) amount of categories, (2) proportion of interjudge agreement, and (3) number 

of judges, this table can be used to determine the PRL reliability. 

 


