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Abstract 

Previous studies have researched the effectiveness of the use of project management 

practices, tools and techniques in new product development. Little empirical research is 

conducted in the past on how individual tools and techniques in project management and 

product development contribute to time to market of new products. Moreover, it is unclear 

which project management tools and techniques should be applied in different stages of the new 

product development process. This study aims to provide more information on this gap in the 

literature. 

 

The goal of this paper is to answer the research question: ‘What is the relationship 

between the use of project management tools and techniques and time to market, and what is 

the role of product innovativeness?’. From the literature study a conceptual model was derived 

(see Figure 2.1). It was expected that six categories of project management tools and techniques 

help to reduce time to market of new product development projects. Additionally, the level of 

product innovativeness was expected to moderate the relationship between the use of project 

management tools and techniques and time to market. It was also expected that higher 

innovative projects have a longer time to market than lower innovative projects.  

 

Figure 2.1: Conceptual Model 



 
 

IV 
 

To test the conceptual model, a quantitative research was conducted with a survey at a 

single global firm. This firm operates in entertainment, digital communication, and digital 

navigation. A questionnaire was distributed to project managers within the firm, and information 

was gathered from 38 different projects. The independent variables were measured with a 

questionnaire. Time to market (dependent variable) was extracted from the company’s project 

database. The independent variables measured (1) whether a tool was applied in a project, and 

(2) the quality of use if applied. Multiple independent sample t-tests were used to check whether 

time to market differed for projects that used tools and techniques, and projects that did not use 

them. If a tool or technique was applied, the quality of use was analyzed with a Pearson 

correlation. The tests were performed for two stages of the new product development process 

and for higher and lower innovative projects. A regression model was built with the most 

significantly correlated tools and techniques to test their combined effects on time to market. 

 

The results showed that time to market was not different between the projects that 

applied a tool or a technique, and projects that did not apply tool or techniques. This was also 

the case for the higher innovative projects. In the group of lower innovative projects that used a 

Gantt chart, the time to market was significantly longer. The quality of use of the tools scope and 

change management tools (i.e. responsibility assignment matrix and change proposals) were 

related with a faster time to market of lower innovative projects. The higher innovative projects 

benefitted more from customer feedback (i.e. Beta testing) to reduce time to market. 

The results show no difference in time to market for the groups of higher and lower 

innovative projects. This suggest that higher innovative projects do not take longer to reach the 

market than lower innovative projects. 

 

The finding with time to market as a dependent variable did not provide useful insights, 

hence an additional analysis was performed with relative project delay as a dependent variable 

instead of time to market. As with TTM, no significant difference was found in project delay 

between the groups that applied tools and techniques and the groups that did not apply them. 
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This was the case for the total sample of projects and the higher innovative projects. Lower 

innovative projects that applied a backward scheduling method were faster to market.  

The relationship between quality of use and project delays was also tested. Higher 

innovative projects that made better use of backward and bottom up scheduling methods 

experienced shorter project delays. These type of projects also benefit from a plan to reduce 

uncertainty in early project stages. This was also the case for the use of a quality function 

deployment, a technique that helps to link key customer requirements to product features. 

The delay of lower innovative projects was related to a better use of scope and change 

management tools in the Development stage of the project. The lower innovative projects that 

made better use of tools and techniques that help to respond to project changes experienced 

shorter delays, or were even faster completed faster than planned. Furthermore, the quality of 

use of Design of Experiment (a product testing method) was related to shorter project delays. 

Differences were found in the project delays of higher and lower innovative projects. The 

higher innovative projects suffered from significantly more delays than the lower innovative 

projects. The lower innovative projects were in some cases completed faster than planned.  

 

From the results was concluded that no strong relationships between the application of 

tools and techniques and time to market. However, the quality of use of tools and techniques 

seems to be more important than the application of a tool in the project. There is also a difference 

in how time to market is used as dependent variable. Meaning that more tools and techniques 

were related to reducing project delays and less tools and techniques were related to the 

reducing the time to market. Innovativeness also plays a role in this relationship, since different 

tools and techniques were effective for the groups of higher and lower innovative projects.   
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1 Introduction 

Time to market (TTM) is important for a firm’s competitiveness (Griffin, 1997). This is 

especially the case for firms that produce high-tech consumer goods with relatively short product 

life cycles (Hall, 2015. page 946). In addition, the speed at which a product can reach the market 

can have a positive impact on development costs, product advantage, market entry timing, 

marketplace success, financial success, and overall new product success (Cankurtaran et al., 

2013). However, firms struggle with delivering the product to the market on time. According to 

Markham & Lee (2013), on average, more than half (57.9%) of incremental innovative products 

reach the market on time. For more innovative projects this is less than half (43.6%), and for 

radical product innovations this is less than one third (29.2%). Markham and Lee (2013) show 

that development time of products has been decreasing over the last two decades. Skilled project 

management in scheduling, budget and scope can result in faster product development (Smith, 

2005). However, some companies have trouble with project management in new product 

development (NPD); the absence or lack of project management techniques systematically result 

in efficiency problems in the NPD process (Costa et al, 2013). 

The use of project management (PM) methods, tools and techniques, and how they affect 

project performance indicators, such as time efficiency, has been researched in the past (Hidalgo 

& Albors, 2008; Pons, 2008; Papke-Shields et al. 2010; Patanakul et al, 2010; Yeh et al., 2010). 

However, these studies show mixed results. Pons (2008) states that traditional project 

management methodologies are not suited for NPD. This is because traditional project 

management methods require a well-defined scope before the start of a project. Scope definition 

is not always possible in highly innovative NPD projects, due to high market and technical 

uncertainties in the early project stages (Pons, 2008). Other studies (Hidalgo & Albors, 2008; Yeh 

et al., 2008) suggest that project management influences the reduction of time to market, but 

they do not specify the individual project management practices that contribute to this time 

reduction. Papke-Shields et al. (2010) and Patanakul (2010) elaborate more on the individual 

project management techniques. They show the effect of project management practices, tools 
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and techniques on project performance outcomes. This provides insights in which tools and 

techniques positively influences different project performance indicators including time 

efficiency. However, these two studies (Patanakul et al., 2010 and Papke-Shields et al., 2010) do 

not explain whether their results apply to innovative NPD projects. There is a gap in the literature 

which doesn’t describe how the use of individual project management practices, tools and 

techniques contribute to project time efficiency and time to market of new product development 

projects.  

1.1 Research Question 

This thesis aims to provide more in-depth information about the use of PM tools and 

techniques in NPD, and how it affects time to market of new products. The following research 

question aims to fill the literature gap in new product development and project management 

literature mentioned in the previous section:   

 

‘What is the relationship between the use of project management tools and techniques and 

time to market, and what is the role of product innovativeness?’ 

 

This research question can be answered with the help of three sub-questions:  

1. ‘What project management tools and techniques are used in new product development?’ 

2. ‘Which tools and techniques are related with time to market?’ 

3. ‘What is the role of product innovativeness in the relationship between the use of project 

management tools and techniques and time to market?’ 

1.2 Relevance 

 It is unclear whether project management practices can help to reduce time to market of 

new products, and how innovation managers could utilize these tools in new product 

development projects. There is some empirical evidence on this topic, but these show mixed 

results, as stated in the previous section. Some researchers suggest that traditional project 
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management approaches are not beneficial to NPD projects (Pons, 2008; Sommer et al. 2014). 

Other researchers show that the effectiveness of project management tools and techniques 

depends on the level of innovativeness of the NPD project (Besner & Hobbs, 2008; Langerak & 

Hultink, 2008; Holahan et al., 2014). Furthermore, it is unclear which project management 

practices are required in different NPD project phases (Holahan et al., 2014). The results of this 

thesis contribute to both the project management literature and new product development 

literature, by looking into the effectiveness of project management in different phases of the 

NPD process. Furthermore, this thesis takes into account the effect product innovativeness might 

have on the use of tools and techniques, since higher innovative projects can be more complex 

and difficult to manage (Pons, 2008). 

 This thesis has practical relevance, because it provides an overview of project 

management practices that can be applied by project managers to reduce time to market in new 

product development. Moreover, this thesis shows the project management practices which are 

most effective across different project phases. In addition, the results describe that higher and 

lower innovative product development projects can benefit from different project management 

tools and techniques. 

1.3 Structure 

 The report is structured as follows. Section two describes the literature review and 

provides more information about how the use of project management tools and techniques is 

related to time to market of NPD projects. It also provides the hypotheses and conceptual model 

for this thesis. Section three explains how the survey is performed, as well as the sample size, 

and the method of data collection. The next section (four) shows the results of the t-tests, the 

correlation analysis and the results of the multiple regression analysis. Section five shows the 

results of an additional analysis that was performed. The results of the analyses are discussed in 

section six. That section also elaborates on the limitations of this research and directions for 

future research. Furthermore, section six includes managerial implications for the focal firm 

where this research was conducted. 
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2 Literature Review 

The goal of this literature review is to elaborate on existing literature on PM and NPD. 

Articles concerning the effectiveness of individual PM and NPD practices are analyzed in this 

section. These articles were gathered and analyzed in a desk research. The search terms and 

journals that were used in this desk research are shown in Appendix I. After the articles were 

gathered from the journal search, a snowballing method was used to gather more relevant 

insights from related articles.  

2.1 Time to Market  

Time to market metrics can be defined and measured differently per organization (Smith, 

2005). Absolute time to market can be defined as the time from product concept to launch 

(Smith, 2005). This time goal is important for firms operating in high-tech markets, where first to 

launch can provide a competitive advantage. Other companies aim for a minimization of schedule 

variance. This type of time to market aims at hitting a (seasonal) market window. Predictability 

of project time is more important than getting the product as fast as possible to the market 

(Smith, 2005). Time to market is defined in this thesis as the time from the formal start of an NPD 

project until the product is available for customers to purchase. 

2.2 Practices in Project Management and Product Development 

This section aims to better understand the sub-questions: ‘What project management 

tools and techniques are used in new product development?’ and ‘Which tools and techniques are 

related with time to market?’ 

Table 2.1 provides an overview of tools & techniques (TTs) that are frequently used in 

project management and new product development. Only empirical studies are shown in the 

table, because they describe the relationship between tools, techniques and time to market 

based on quantitative results, and not anecdotal evidence. A definition of each tool and 

technique is shown in Appendix II. The TTs are listed by different project management aspects. 
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The table shows the relationship of an individual tool with project time performance indicators 

as found by previous studies. 

  

Table 2.1: Overview of tools and techniques 

Tool & Techniques Relation* Performance indicator Source 

Schedule Management 

Analogous Estimating 0 Schedule Performance Patanakul et al. (2010) 

Bar/Gantt Charts 

0 Schedule performance Patanakul et al. (2010) 

0 Project time target Papke-Shields et al. (2010) 

+ More used by best firms Markham & Lee (2013) 

Bottom-up scheduling 0 Schedule Performance Patanakul et al. (2010) 

Critical Path Method 
+/- Development speed Langerak & Hultink (2008) 

+ Schedule Performance Patanakul et al. (2010) 

Milestone Review + Schedule Performance Patanakul et al. (2010) 

Milestone plan 0 Innovative success Salomo et al (2007) 

Program Evaluation and Review Technique 
(PERT) 

+/- Development speed Langerak & Hultink (2008) 

0 Project time target Papke-Shields et al. (2010) 

+ More used by best firms Markham & Lee (2013) 

Resource plan 0 Innovative success Salomo et al (2007) 

Resource Scheduling Tools + Overall Project success Besner & Hobbs (2006) 

Scope Management 

Responsibility assignment matrix (RACI) + Project time target Papke-Shields et al. (2010) 

Scope Change Proposal + Project time target Papke-Shields et al. (2010) 

Scope Statement Update 
+ Project time target Papke-Shields et al. (2010) 

+ Overall project success Besner & Hobbs (2006) 

Work Breakdown Structure 

0 Schedule Performance Patanakul et al. (2010) 

+ Overall project success Besner & Hobbs (2006) 

0 Project time target Papke-Shields et al. (2010) 

0 Innovative success Salomo et al (2007) 

Risk Management 

Activity list update + Project time target Papke-Shields et al. (2010) 

Contingency plan 
+ Project time target Papke-Shields et al. (2010) 

+ Schedule performance Patanakul et al. (2010) 

Plan for uncertainty reduction + Innovation success Salomo et al (2007) 

Risk analysis + Innovation success Salomo et al (2007) 

Risk response plan + Innovation success Salomo et al (2007) 

Stakeholder Involvement 

Lead User Involvement 

+ Development speed Langerak & Hultink (2008) 

+ Development speed Langerak & Hultink (2005) 

+ More used by best firms Markham & Lee (2013) 

Supplier Involvement + Time to market Yeh et al. (2010) 
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+ Development speed Langerak & Hultink (2005) 

+ Development speed Langerak & Hultink (2008) 

Top management involvement + Time performance Swink et al. (2003) 

Product development tools 

Design for manufacturability 

+/- Development speed Langerak & Hultink (2008) 

+ More used by best firms Markham & Lee (2013) 

0 Time to market Yeh et al. (2010) 

+ NPD efficiency Swink et al. (2006) 

Design of Experiment + Time to market Yeh et al. (2010) 

Failure Mode & Effect Analysis 0 Time to market Yeh 2010 

Quality Function Deployment (QFD) 
+/- Development speed Langerak & Hultink (2008) 

0 Time to market Yeh et al. (2010) 

* “0” (non-significantly related); “+” (positively related); “-” (negatively related); “+/-” (relationship is moderated by 
other variable). 

 

2.2.1 Schedule Management 

Scheduling and planning TTs support the development, management and control of the 

project schedule (PMI, 2013; Kahn, 2012). Table 2.1 shows nine scope management tools and 

techniques and their relation with time to market. This section elaborates on how schedule 

management can reduce a project’s time to market. 

 

TTs that help to identify and map task dependencies and the critical path of a project (e.g. 

PERT, CPM, bottom up schedule, and Gantt charts) might be helpful in speeding up the 

development process, because they identify tasks that can be performed concurrently and tasks 

that need to be performed sequentially (Millson et al., 1992). It is important for project manages 

to keep track of the critical project path, since a delay on the critical path results in a delay for 

the entire project (PMI, 2013). Empirical evidence shows that tools that identify the critical path 

might only have a significant positive effect on the project time performance when used during 

the project planning phase (Patanakul et al., 2010).  

Another method that might help to speed up the project is setting project milestones. 

The use of project milestones helps to identify tangible short term goals (Patanakul, 2010). With 

clear defined deliverables at milestones, it becomes easier to assess whether a project is on 

schedule and go or no-go decisions can be made based on the deliverables (Cooper, 2008). 
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Controlling the project milestones can help to ensure that deadlines and budgets are met 

according to schedule (Graner & Missler-Behr, 2013). 

Based on the literature stated above, it is expected that TTM is shorter for projects that 

apply schedule management tools. This is because these tools help in assessing which projects 

tasks are on the critical path. Tasks delayed on the critical path result in a project delay, hence 

the application of these types of tools help to reduce time to market.  

 

Hypothesis 1: Projects that use TTs for critical path management (e.g. bottom up 

schedule, CPM, Milestone analysis, and Gantt chart) have a shorter TTM than projects that do not 

use these TTs. 

2.2.2 Scope Management  

The project scope is defined as all the work that is required to successfully complete a 

project. The management of scope is controlling of what is and what is not part of a project (PMI, 

2013). Four scope management TTs are identified that might affect time to market (see Table 

2.1). The successful application of scope management practices might prevent scope creep 

(uncontrolled change in a project) and unstable product specifications. Scope creep can directly 

lead to an increase in time to market (Cooper, 2004). Well defined product features and project 

scope definitions before development starts can reduce the effect of scope creep (Kahn, 2012).  

Definition of a project’s tasks can be supported with a Work Breakdown Structure (WBS). 

A WBS can help to reduce the overall complexity of a project, and divide the project into smaller, 

more manageable work packages (PMI, 2013). This tool is useful for the development of a 

schedule, and identifying task dependencies and the critical path (Ellis, 2016). Empirical evidence 

shows that the use of a WBS is related to overall project success and meeting specifications 

(Besner & Hobbs, 2006; Patanakul, 2010). However, empirical evidence does not suggest that 

this tool is directly related to faster completion of projects (Salamo et al., 2007; Patanakul et al. 

2010; Papke-Shields et al., 2010).  

RACI (Responsible, Accountable, Consult and Support) can be used to assign project team 

members to work packages and it helps to make a clear division of roles in the project (PMI, 
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2013). The successful use of RACI in responsibility assignment supports the WBS and shows how 

the project resources are assigned to the project tasks (PMI, 2013). The use of responsibility 

assignment tools as RACI are associated with meeting project time targets (Papke-Shields et al., 

2010).  

It is expected that projects with a well-defined scope before development have a shorter 

time to market, because these projects might suffer less from scope creep. The following 

hypothesis is suggested regarding scope definition: 

 

Hypothesis 2a: Projects that use scope definition TTs (i.e. WBS, scope statement and RACI) 

have a shorter TTM than projects that do not use these TTs.  

 

A clear defined scope before development starts is not always realistic in NPD projects, 

since the market place might change during project execution (Smith & Reinertsen, 1998). Project 

changes might be required after the initial scope statement has been set (PMI, 2013). This change 

should be controlled to prevent scope creep. Furthermore, design changes in later project phases 

has a higher impact on project costs and rework than design changes in earlier phases (Kahn, 

2013). Formalizing and updating scope changes has a positive effect on a project’s time efficiency 

(Papke-Shields et al., 2010). Practices that help to manage changes in the project are; a change 

proposal, and a scope statement update. These practices reduce scope creep and keeps project 

team members and project stakeholders aware of changes to the project and product (Papke-

Shields et al., 2010). 

The application of scope change management practices can reduce the time to market by 

controlling changes in project scope and product features, thus preventing scope creep (Papke-

Shields et al., 2010). The following hypothesis is suggested regarding scope change management.  

 

Hypothesis 2b: Projects that use scope change management TTs (i.e. change 

management plan and change proposal) have a shorter TTM than projects that do not use these 

TTs. 
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2.2.3 Risk Management 

 Risk management includes all activities related to the identification and management of 

risks. It is aimed at reducing the probability and impact of negative events in a project. The 

occurrence of a risks can affect scope, schedule, costs or quality (PMI, 2013). Table 2.1 shows five 

risk management tools that might be related to time to market.  

 

The occurrence of a risk can cause delays when it results in rework, especially when they 

occur on the critical path of the project (Smith & Reinertsen, 1998). Risks can be proactively 

managed with the development and execution of a risk management plan. Development and 

execution of this plan includes activities such as a risk analysis and developing a risk response 

plan (Smith & Reinertsen, 1998). Empirical evidence shows that performing a risk analysis, 

building a risk response plan and developing a plan for uncertainty reduction can have a positive 

effect on innovation success, including project time efficiency (Salomo et al., 2007).  

Having a contingency/mitigation plan can mitigate the negative effect in the case a risk 

occurs. For instance, if new technological product feature does not work as anticipated, a backup 

plan with an alternative older technology might prevent further project delays (Smith & 

Reinertsen, 1998). Research has shown that the use of mitigation plans in projects has an effect 

on the reduction of project time (Papke-Shields et al., 2010; Patanakul, 2010).  

  

Projects that apply risk management might be completed faster, because it can help to 

reduce the probability of risk occurrence or its impact on the critical path. The following 

hypothesis is suggested regarding risk management of NPD projects: 

 

Hypothesis 3: Projects that use risk management TTs (i.e. risk analysis, plan for 

uncertainty reduction, Risk response plan, and mitigation plans) have a shorter TTM than projects 

that do not use these TTs. 
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2.2.4 Stakeholder Management 

Stakeholder management is the identification, management and engagement of people 

and organizations that are impacted by the project (PMI, 2013). Four groups of stakeholders can 

be involved in the project in order to reduce time to market (see Table 2.1). The involvement of 

stakeholders as key suppliers and lead users can provide an opportunity to reduce the time to 

market of new products (von Hippel, 1988). 

 

The early involvement of suppliers can help to assess product prototypes and receive 

feedback on the feasibility of design choices (Wheelwright & Clark, 1992; Smith & Reinertsen, 

1998). This can result in faster finalization of product specifications and reduce design rework in 

the manufacturing process (Smith & Reinertsen, 1998). Empirical evidence shows that 

involvement of a key supplier in the development process can have a positive effect on the 

development speed of innovative projects (Langerak & Hultink, 2008; Yeh et al., 2010). 

Not only can early supplier involvement speed up the development process, so can early 

user involvement. User involvement early in the product development process, can help to 

identify essential customer needs and match this with product benefits (Smith & Reinertsen, 

1998). User involvement can also help to better understand and priorities between “must have” 

and “nice to have” features (Smith & Reinertsen, 1998). Research has shown that the 

involvement of users has a positive effect on development speed (Langerak & Hultink, 2008) 

Top management involvement can have a positive effect on the project time performance 

by providing needed resources to the project (e.g. human resources and budget) (Swink, 2003). 

By having adequate resources allocated to the right project activities at the right time, time to 

market can be reduced.  

 

Hypothesis 4: Projects that involve stakeholder (i.e. lead users, suppliers, and top 

management) have a shorter TTM than projects that do not involve stakeholders.  
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2.2.5 New Product Development Tools and Techniques 

New product development and design tools, are tools frequently used in projects in an 

NPD context (Thia et al., 2005; Graner & Mißler‐Behr, 2013). Table 2.1 shows four practices used 

in new product development that might affect time to market.  

 

The use of quality design tools as Quality Function Deployment (QFD), Design of 

Experiment (DOE), and Failure Mode and Effect Analysis (FMEA) can support product 

development decisions. They help to identify problems in early stages of the project cost 

effectively (Ittner & Larcker, 1997).  

QFD is a quality tool that links customer requirements to product features. The tool can 

help to clearly define a product and prevent redesign, QFD helps the project team to focus on 

features that deliver the most benefit to the customer (Smith & Reinertsen, 1998; Cooper, 2001). 

By focusing on the features that provide the most benefit and ignoring the features that provide 

no benefit, the scope of the project can be reduced. By reducing the scope, product development 

speed can be increased (Smith & Reinertsen, 1998). Empirical evidence does not show a direct 

relationship between the use of QFD and time to market (Yeh et al. 2010). Researchers (Smith & 

Reinertsen 1998; Thia et al., 2005) suggest that successful application of QFD takes time and 

effort, and might not be suitable for every type of NPD project. 

DOE is a statistical method used for quality management to test different product 

parameters under different circumstances (PMI, 2013). This tool might help to speed up product 

testing, because it tests different combinations of design parameters at the same time rather 

than testing each combination of design parameters separately (PMI, 2013). Empirical evidence 

suggest that DOE is positively related to time to market (Yeh et al., 2010).  

FMEA is a method to test the reliability of product features in an early stage of the project 

(PMI, 2013). It can help to measure feature performance before the building of an initial 

prototype (Barczak et al., 2009). Because, FMEA helps to assess product flaws in an early stage, 

it might prevent defects in later stages. Solving product defects in later stages of the project can 

be more costly and time consuming (Ittner & Larcker, 1997). Therefore, successful application of 
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FMEA in product development can reduce the time to market. Literature (Ittner & Larcker, 1997; 

Yeh et al., 2010) does not show a relationship between FMEA and time to market.  

 

Design for manufacturability (DFM) can help to reduce rework during manufacturing. By 

involving manufacturing in the design process, decisions can be made on the feasibility of the 

design for manufacturing (Smith & Reinertsen, 1998). Successful application of DFM might result 

in faster manufacturing and therefore, a shorter time to market. However, research shows mixed 

results on the effectiveness of DFM (Swink et al., 2006; Yeh et al., 2010). The integration of design 

and manufacturing can have a positive effect on project efficiency (Swink et al., 2006).  Yeh et al. 

(2010) do not report a significant relationship between the use of design for manufacturability 

and time to market. The effectiveness of design for manufacturability might be moderated by 

innovativeness of the product (Langerak & Hultink, 2008). The section 2.3 elaborates more on 

this. 

 

It is expected that TTs such as DFM, DOE, FMEA and QFD can improve time to market, 

because they support design and engineering processes. By solving product and design flaws in 

the early stages of development, these tools and techniques can prevent costly and time 

consuming rework in later stages of the project. The following hypothesis is suggested regarding 

the use of new product development tools: 

 

Hypothesis 5: Projects that use product development TTs (i.e. DFM, DOE, FMEA and QFD) 

have a shorter TTM than projects that do not use these TTs. 

2.3 The Role of Product Innovativeness  

As stated in the introduction, radical innovations undergo a longer time to market than 

more innovative and incremental innovations (Markham & Lee, 2013). This section provides a 

better understanding of the sub-question: ‘What is the role of product innovativeness in the 

relationship between the use of project management tools and techniques and time to market?’ 
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The product innovativeness in NPD can be defined in different ways. It is often measured 

as a construct of the level of market uncertainty and technological uncertainty; or newness to 

the market and newness to the firm (Garcia & Calantone, 2002). The NPD literature shows mixed 

results on how the degree of innovativeness is related to the use of project management in NPD 

and time to market (Goktan & Miles, 2011; Markham & Lee, 2013). Therefore, it can be suggested 

that innovativeness might have a direct relationship with time to market, and it might moderate 

the effect project management tools and techniques have on time to market.   

2.3.1 Effect of Innovativeness 

Table 2.2 shows findings about the direct relationship between the degree of product 

innovativeness and time to market.  

 

Table 2.2: The Direct Effect of Innovativeness 

Contribution Publication 

New to the world products have the longest cycle time (42 months on 
average). Followed by new to the company product (30 months), 
product line additions (16 months) and product revisions (14 months). 

Griffin (1997) 

New to the world products have a longer cycle time in weeks than more 
innovative products. More innovative products have a longer cycle time 
compared to incremental innovations. 

Barczak et al. (2009) 

Degree of product innovativeness has a positive effect on innovation 
speed. The authors show a direct relationship between innovativeness 
and time to market. 

Goktan & Miles (2011) 

The authors show that radical projects in their sample have an average 
cycle time of 82 weeks, more innovative projects of 57 weeks, and 
incremental projects 33 weeks. 

Markham & Lee (2013) 

 

Goktan & Miles (2011) show a positive relationship between the level of innovativeness 

and development speed. This effect might be explained by a different perception of radical 

innovativeness of the researchers and the respondents (Goktan & Miles, 2011). Other articles 

show that product development projects with a higher level of innovativeness take longer to 

develop (Bstieler, 2005; Barczak et al., 2009; Markham & Lee, 2013). It takes more time to 

develop a new technology compared to modifying or reusing an existing technology (Bstieler, 
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2005). This has a direct effect on time to market. A high degree of market uncertainty can be the 

result of new or fast changing markets (Chen et al., 2005). When the market is new, it might be 

more difficult for companies to accurately capture customer needs or define customer segments 

(Chen et al., 2005). Because of this uncertainty in customer needs, it might be more difficult to 

focus on the product features that the customer values the most or the project goal might change 

frequently (Salomo et al., 2007). Changing goals affect project objectives, resource commitment, 

and project timetables (Salomo et al., 2007).  

  

It is expected that products with a higher degree of innovativeness (i.e. product newness 

to the firm and product newness to the market) take longer to develop than projects with a lower 

degree of innovativeness. This is because the company might have less experience in the 

technology and the market, thus more time for product development and testing is needed to 

get the product right. This leads to the following hypothesis:  

 

Hypothesis 6: Lower innovative projects have a shorter TTM than higher innovative projects. 

 

 Other articles (Salomo et al., 2007; Langerak & Hultink, 2008; Pons, 2008) suggest that 

the effectiveness of the use of tools and techniques might be different for higher and lower 

innovative projects. This suggest that the use of tools and techniques is moderated by the degree 

of innovativeness. The next section elaborates on this moderating effect.  

2.3.2 Moderating Effect of Innovativeness 

As stated in section 2.2, not every type of project benefits from the use of project 

management tools and techniques. Traditional project management methods (e.g. WBS and 

Gantt charts) might have a bigger impact on time to market for projects with a low levels of 

innovativeness and a lower impact on time to market for projects with a higher level of 

innovativeness (Pons, 2008). Furthermore, the use of some product development tools and 

techniques (e.g. QFD) might not be beneficial for every type of project, since their successful 

application can be time consuming (Smith & Reinertsen, 1998). 
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Critical Path management tools (e.g. CPM, PERT and Gantt) are most effective when all 

critical project tasks are known (Pons, 2008). With higher innovative project tasks uncertainty 

can be high in early stages of the project, this means that critical path management tools might 

be less useful (Smith & Reinertsen, 1998; Pons, 2008). Empirical evidence shows that the use of 

scheduling tools as CPM and PERT have a significant effect on development speed of lower 

innovative projects (Langerak & Hultink, 2008). Salomo et al. (2007) show that the moderating 

effect does not occur with schedule management tools. However, the use of these tools has a 

positive effect on the level of process formality, which has a direct effect on innovative success 

(Salomo et al. 2007).  

 

Based on literature stated above, it is expected that less innovative projects might benefit 

more from critical path schedule management tools because these types of projects might have 

a lower degree of uncertainty and more tasks are known at the beginning of the project. This 

makes it less complicated for project managers to schedule and manage the critical path for the 

lower innovative projects. 

 

Hypothesis 7a: The use of critical path management TTs (i.e. Gantt, Milestone analysis, CPM, and 

PERT) to reduce TTM, is less effective for higher innovative projects than for lower innovative 

projects. 

 

As with critical path method, do scope management tool such as WBS and RACI also 

depend on known tasks, thus they might be less useful for highly innovative projects (Pons, 2008). 

Besner and Hobbs (2008) suggest that a responsibility assignment matrix (i.e. RACI) and a WBS 

have the most impact on the success of lower innovative projects. Furthermore, they state that 

a responsibility assignment matrix has highest effect on short-term commitment of the project 

team in contrast to long-term commitment (Besner & Hobbs, 2008).  
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Therefore, it is expected that the use of scope management tools are less effective for 

higher innovative projects, because the scope of the project is difficult to estimate in early phases 

of these types of projects. 

 

Hypothesis 7b: The use of scope management TTs (i.e. WBS and RACI) to reduce TTM, is less 

effective for higher innovative projects than for lower innovative projects. 

 

The relationship between NPD practices such as QFD and time to market might be 

moderated by the degree of innovativeness. The use of QFD might be less required for 

incremental product innovations, since the use of this technique can be time consuming (Smith 

& Reinertsen, 1998). Langerak & Hultink (2008) show a positive relationship between support 

tools (incl. QFD and DFM) and TTM for product improvements, and a negative relationship 

between QFD and TTM for product line additions.  

Highly innovative projects might require more testing and experimentation to decrease 

the level of technological uncertainty of the project (Smith & Reinertsen, 1998). Therefore, the 

use of testing and experimentation as FMEA and DOE might be more effective to reduce the time 

to market of higher innovative projects. 

 

Hypothesis 7c: The use of NPD TTs (i.e. QFD, DFM, DOE and FMEA) to reduce TTM, is more 

effective for higher innovative projects than for lower innovative projects. 

2.4 Conceptual Model 

 Figure 2.1 shows the hypotheses of the literature review in the conceptual model. On the 

left side there are six categories of PM and NPD tools and techniques. These antecedents are 

expected to have a negative association with the consequent, time to market. This means that 

time to market is shorter for projects that use PM and NPD tools and techniques. The level of 

product innovativeness is expected to moderate the relationship between the use of; schedule 

management, scope management, NPD TTs and time to market. Furthermore, the level of 

product innovativeness might also directly affect time to market. This model is tested for two 
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different phases in the product development process. The section 3 elaborates further on the 

product development process and the project phases.   

 

 

Figure 2.1: Conceptual Model 
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3 Research Method 

This chapter describes the methodology of the empirical part of this research. First, the 

method of data collection is explained. Second, the measurements used are shown. Lastly, the 

method of analysis is provided.  

3.1 Data Collection 

A quantitative research was chosen as the method to test the hypotheses stated in section 

2. This research was conducted at a single firm operating in entertainment, digital 

communication, and digital navigation. It is a multinational company, and it has globally 

dispersed offices, teams and customers. The unit of analysis are the NPD projects of the focal 

firm. Project managers within the firm were surveyed to gather information about the NPD 

projects. The survey questions were aimed at the most recent project a manager has managed 

and completed, and how different project management TTs were applied during two stages of 

the project. The next paragraph elaborates further on these two stages. 

 

The focal firm uses a product development process similar to Cooper’s Stage-gate® model 

(Figure 3.1). This is a widely used process in product development; over 61 percent of firms 

(associated with the Product Development and Management Association) employ such a product 

development process with milestones and gates (Markham & Lee, 2013). This research focuses 

on the project management practices used during Stage 2 and Stage 3, because the highest 

opportunity for time to market reduction might be achieved by improving on the firm’s project 

management capabilities in these two stages. Product development time at the focal firm is 

measured from the start of Stage 2 until product launch. On average 83% of total project time is 

spent on Stage 2 (Build Business Case stage) and Stage 3 (Development stage) at the focal firm 

(Company database, 2018). Furthermore, the highest project delays occur in these two stages 

(see Appendix III: Project delay analysis).  
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Figure 3.1: Stage-Gate process (Cooper, 2001) 

 

Only TTs that are used by the focal firm can be studied. Not all the tools & techniques 

mentioned in section 2 are used by the focal firm. Because of this, TTs used at the firm were 

verified with a company expert1. TTs which are not used by the focal firm are excluded from the 

survey (see Appendix IV). After the meeting with the expert, a small sample pilot survey was 

conducted to test if the questionnaire was clear for the respondents.  

 

Project managers were asked to finish a questionnaire about the last project they 

managed. The questionnaire was distributed to 166 project managers, some of which are full 

time project managers, and others are part time managers. 77 project managers responded to 

the survey (46% response rate), of which 70 responses were useful for data analysis. Of the seven 

non useful responses:  

• One respondent specified a project from 2009. This project does not represent the 

company’s current way of managing NPD projects. 

• Four respondents specified projects that were still in development. 

• Two respondents did not specify existing project names. 

                                                      
1 The job title of the expert is stated in Appendix XII - Confidential Information 
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Of the 70 respondents, multiple project managers worked on the same project. Because of this, 

the actual number of unique projects in the sample size is 38. The maximum number of project 

managers that worked on the same project is five, and the minimum is one. The questionnaire 

results of the project managers that worked on the same projects are averaged.  

The average project manager has 9 years of project management experience, and has 

been involved in 15 projects at the focal firm. Of all the respondents 65.3% work in Asia, 22.7% 

work in the Americas, and 10.7% work in Europe. Not all project managers have been working 

full time on their most recent project. 27% of project managers stated that they worked full time 

on their most recent project, and 32% of project managers worked between 21 and 32 hours per 

week. 26% managed their project between 10 and 20 hours per week, and 16% worked less than 

10 hours per week on the project. 

 

Top management communication channels and two reminders were used to stimulate 

response for this survey. Research shows that top management support has a positive effect on 

response rate (Blumberg et al, 2011. page 225), thus the decision was made do distribute the 

survey per email via top managers to respondents. The survey was gathered over a period of 30 

days, during which two reminders were sent to increase the response rate. The first reminder 

was sent 13 days after the initial survey was distributed, and the second reminder was sent 26 

days after the initial survey was distributed. 47% of the respondents responded to the initial 

survey, 32% responded after the first reminder and 17% after the second reminder.  

3.1.1 Quality Criteria 

There are three quality criteria that need to be met in a research project (Aken et al., 

2012). These are controllability, reliability and validity. Van Aken et al. (2012) state that 

controllability can be met by describing how the research is conducted and that another 

researcher must be able to replicate this study. In order to meet this criterion, this method 

section is described as clearly as possible, all the steps of the research process are documented. 

Reliability refers to the reliability of the research results, and that the results would be the same 

if this research would be conducted a second time. Validity refers to the accuracy of research 
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results (Aken et al., 2012). Van Aken et al. (2012) describe four types of reliability and three types 

of validity. Their definitions and how they affect this study are shown in Table 3.1. 

 

Table 3.1: Research Reliability and Validity 

 Definition Precaution 

Researcher 
Reliability 

Subjective bias of the 
researcher 

Standardized methods were used for data collection, data 
analysis and data interpretation. Furthermore, 
standardized tools were used for data collection and 
analysis.  

Instrument 
Reliability 

Questionnaire  The same type of questions are consistently used in the 
questionnaire. The dependent variable, TTM, was 
extracted from the company database and not measured 
in the survey. 

Respondent 
Reliability 

Perspective of the 
respondents 

Different project managers, business units, and 
nationalities were surveyed to reduce the perspective 
bias. 

Circumstance 
Reliability 

Circumstances in which the 
measurement is executed 

The survey was conducted around Chinese New Year, this 
had implications for the number of responses received in 
the initial survey. Therefore, the originally planned 
response time of two weeks was extended to four weeks.  

Content Validity Questionnaire measures what 
it is intended to measure 

TTs were verified by a company expert, to determine 
whether they are used within the focal firm. A clear 
definition of each tool and technique was provided in the 
questionnaire to make sure the researcher and the 
respondents have the same understanding of the 
definition of a tool or technique. 

Internal Validity Conclusion about the cause & 
effect of the variables 

Control variables are measured to take their effect on the 
dependent variable into account. 

External Validity Generalizability of the results Although the research method can be generalized to 
other firms, the results of this research are firm specific, 
and might not hold for other firms. 

3.2 Measurements 

For this study, both survey data and company data were used. Survey data was used to 

measure the independent variables and the control variables, whereas the dependent variable 

was calculated with data from the company database.  
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The survey data was gathered with a questionnaire. The question statistics of the survey 

are shown in Appendix V. Questions were derived from previous literature (Langerak & Hultink, 

2008; Papke-Shields et al., 2010; Patanakul et al. 2010; Markham & Lee, 2013). To answer the 

hypotheses stated in section 2, the questions measured whether a TT was applied or not during 

Business Case and Development stage of the project. If a TT was used in the project, respondents 

were asked to rate the quality of use of the TT (this was not hypothesized in section 2). The quality 

of use was measured on a five-point Likert like scale from 1 (very poorly used) to 5 (very well 

used). The degree of stakeholder involvement was measured as “stakeholder X was highly 

involved in stage Y of the project”, on a Likert like scale from 1 (Totally disagree) to 5 (Totally 

Agree). In essence, the application and the quality of use were measured for every TT. 

 

The dependent variable, TTM, was not measured in the survey, but was extracted from 

the project database of the focal firm. Because displaying actual TTM in this thesis might harm 

company interest, TTM is transformed by dividing each project’s achieved TTM by the average 

project time of the sample. The new variable is named relative TTM and was calculated according 

to Equation 3.1. 

 

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑇𝑖𝑚𝑒 𝑇𝑜 𝑀𝑎𝑟𝑘𝑒𝑡 = (
𝐴𝑐ℎ𝑖𝑒𝑣𝑒𝑑 𝑝𝑟𝑜𝑗𝑒𝑐𝑡 𝑡𝑖𝑚𝑒

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑝𝑟𝑜𝑗𝑒𝑐𝑡 𝑡𝑖𝑚𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒
) 

Equation 3.1: Relative time to market 

 

The questionnaire was organized as follows. Each project manager received an e-mail 

from their supervisor with a link to access the questionnaire. The questionnaire was first 

introduced, by explaining the topic of the survey, the expected completion time, due date, and 

confidentiality. First, the project manager was asked to specify the last project he/she has worked 

on. Second, questions about the degree of innovativeness of the projects were asked. After that, 

the respondents needed to answer questions about the control variables. Then, all questions 

about the use of TTs used in the Business Case stage and the Development stage were asked. If 

the project skipped the Business Case stage, the respondents could skip the questions about TTs 
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used in that stage. The questions were clustered in TTs per category. The following category order 

was used:    

1. General project management  

2. Schedule management 

3. Scope management 

4. Risk management 

5. Quality management and NPD practices 

6. Cost management 

7. Communications management 

8. Stakeholder involvement 

Lastly, the more personal questions were asked (e.g. region of work, job title, project 

management experience, number of completed projects). Respondents had the option to give 

additional comments on the survey.  

3.2.1 Statistically Controlling Effects 

Control variables are variables that are not in the center of analysis, but might influence 

the dependent variable (Blumberg et al., 2011). These variables are measured to test their effect 

on the dependent variable. Table 3.2 shows the control variables included in this survey. These 

control variables were measured on a five-point Likert like scale from 1 (strongly disagree) to 5 

(strongly agree). 

 

Table 3.2: Control variables 

Control Variable Source 

Team characteristics can influence the TTM of a project. The use of cross functional teams 
can impact TTM. Especially higher innovative projects benefit from cross functional teams. 

Griffin (1997) 

The level of team co-location and isolation from the rest of the company might result in 
faster product development, because it supports faster communication, decision making, 
and problem solving. 

Swink et al. (2006); 
Chen et al. (2010) 

Top management support has an effect on timely resource allocation and project 
leadership. Timely resource allocation affects the product development speed.  

Swink (2003); 
Swink et al. (2006) 

Project goal stability is important for a project’s time performance. Constantly changing 
project goals reduce a project’s time efficiency. 

Salomo et al. (2007) 
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3.3 Data Analysis Method 

The data analysis was performed in four parts. First, the total sample of projects was 

analyzed for TT application and quality of use. Second, the effect of innovativeness on TTM was 

analyzed. Third, the group of lower and the group of higher innovative projects were analyzed 

for the TT application and quality of use. Fourth, a regression analysis was performed to check 

whether TTM can be predicted with the significantly related TTs 

 

For the first analyses, independent sample t-tests and Pearson correlations were 

performed on the total group of projects (n=38). T-tests can show whether TTM differs for project 

that applied and projects that did not apply TTs. This is done for every tool or technique and for 

both the Business Case and Development stage. After that, if a TT was applied during the project 

a Pearson correlation analysis was performed to test the relationship between the quality of use 

and TTM. This is done for every TT used in the Business Case stage or the Development stage.  

 

To test the effect of innovativeness, the TTM of higher and lower innovative projects were 

compared with an independent sample t-test. Two items that measured product innovativeness, 

newness to the market and newness to the firm, were combined into a single scale with the sum 

score method (DiStefano et al., 2009). These two items are significantly correlated (r=.778, 

p<.001). The median of the degree of innovativeness was 3.5, six projects had this level of 

innovativeness. By splitting the sample on the median, one of these six projects would fall in the 

category higher innovative and five would fall in the category lower innovative projects. Because 

the t-test would provide different results depending on how the project are divided into the two 

groups, the decision was made to include all six projects in the low innovative group. This resulted 

in group of higher (n=18) and a group of lower innovative projects (n=20). After that, the 

independent sample t-test was calculated. 

 

For the third set of analyses, independent sample t-tests and Pearson correlations were 

performed on the group of higher and lower innovative projects. Relative TTM was recalculated 

so each project’s TTM is relative to its group (see Equation 3.1). For the high and low innovative 
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projects, independent sample t-tests were performed to test whether the TTM is different for 

project that applied and projects that did not apply TTs. If applied, Pearson correlations were 

used to test the relationship between the quality of use of a TT with project TTM. 

 

To test the combined effect of the use of TTs in project management, a regression model 

was built. The Likert like variables that measured quality of use that were highly correlated with 

TTM are used to calculate a regression models. These models were built to test if TTM can be 

predicted based on the quality of use of TTs. Control variables (Table 3.2) that also correlate with 

TTM are included in the regression analysis to statistically control their effect. TTs that are not 

applied in projects need to be treated as missing values. Missing values were pairwise deleted to 

maximize the available data. The quality of use of TTs are in some cases correlated with each 

other. This can result in multicollinearity problems in the model. Hair et al. (2010) state that 

multicollinearity can be tested with a VIF (Variance Inflation Factor) score. The decision was made 

to exclude variables from the regression model with a high VIF score (VIF>5). 

 

Several analyses were attempted before the selection of the analysis methods stated 

above. A factor analysis was performed on the Likert like variables, to check whether a constructs 

could be made for schedule management, scope management, risk management, stakeholder 

involvement, and NPD practices. The not applied TTs made it impossible to perform a factor 

analysis, since these needed to be treated as missing values.  

A random effects model was tested to account for the duplicate project in the case that 

multiple project managers worked on the same project. This proved to be unsuccessful since all 

of the variance was explained by the project ID’s put in the model. Because of this, the decision 

was made to average the results of the project duplicates.  
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4 Results 

The results are structured as follows. First, the results are shows for the use of TTs and 

the quality of use of TTs. A t-test was performed to check whether the TTM is different for 

projects that used TTs compared to projects that did not use TTs. A correlation analysis was 

performed to check whether the quality of use is related to a project’s TTM. Second, an 

independent sample t-test is shown for the TTM difference of high and low innovative projects. 

The projects are then split to test the use of TTs and the quality of use for the higher and lower 

innovative projects. Lastly, a regression model was built to predict TTM based on the use and 

quality of use of TTs.  

4.1 All Projects 

4.1.1 Application of TTs 

Multiple independent sample t-tests were performed to check whether the TTM differs for 

project that use a TT and project that do not use a TT (Appendix VI). No significant difference was 

discovered between projects that used a TT and projects that did not use a TT. What stands out 

is that top management, gate committee and suppliers were considered to be involved in every 

project. Because of this, the independent sample t-test could not be performed on the 

involvement of these stakeholders. These independent sample t-test results do not support H1 – 

H5. 

4.1.2 Quality of Use 

If a TT was applied during the project, a correlation analysis was run for the quality of use 

of the TT and the relationship with TTM (Appendix VIII). Table 4.1 shows the significant 

correlation coefficients for quality of use and TTM. The use of the scope management tool RACI 

(r(29)=-.398,p=.027) and a change proposal (r(28)=-.456, p=.011) in the Development stage is 

correlated with a shorter time to market. The use of Beta testing, to test the product with 

customers, is negatively related with time to market (r(28)=-.404, p=0.033) when used in the 
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Development stage. The quality of use of RACI, Beta testing and a change management proposal 

are insignificant in the Business Case stage. No significant correlations were found for the other 

project management categories in the Business Case stage or the Development stage. These 

results suggest that projects that made better use of RACI, a change proposal and Beta testing 

are faster to market than project that poorly used these TTs.  

 

Table 4.1: Significant correlation with TTM, all projects 

Category Significant TT’s Correlation coefficient 

Schedule management - - 

Scope management 
RACI (Dev) -.398* 

Change proposal (Dev) -.456* 

Risk management - - 

Stakeholder Involvement Beta testing (Dev) -.404* 

NPD practices - - 

Control variables - - 

Dev = Development stage 

*p<0.05 

 

4.2 Difference TTM between High and Low Innovativeness 

An independent sample t-test (see Appendix VII) was conducted to compare time to market 

of the group of higher innovative projects with the group of lower innovative projects. The test 

shows a marginally significant difference between the means of the group higher innovative 

projects (M=1.131, SD=.451) and the group lower innovative projects (M=.882, SD=.413); t(36)=, 

p=.084. This suggests that the group of higher innovative projects do not undergo a longer time 

to market than the group of lower innovative projects. These results do not support H6. Figure 

4.1 shows the boxplot of the relative time to market of the lower and higher innovative projects.  
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Figure 4.1: Boxplot of Relative Time to Market and Innovativeness 

What stands out is that the higher innovative projects have one outlier that is 2.3 times higher 

than average project duration. The value of the outlier is correct and will be included in further 

analyses. 

4.3 Low Innovative Projects 

The dataset was split in a group of lower innovative projects and a group higher innovative 

projects. For the analyses in this section the relative TTM is recalculated (see Equation 3.1), so 

the TTM of a low innovative project is relative to the group average TTM of low innovative 

projects.  

4.3.1 Application of TTs 

For the lower innovative projects, a t-test was conducted to test whether TTM differs from 

the use of TTs and not use of TTs (Appendix VI). The only tool that showed a significant difference 

in TTM between the use and not use is a Gantt chart. The mean TTM was different for the group 

that used a Gantt chart in the Business Case stage (M=1.210, SD=.371) and the group that did not 

use a Gantt chart in the Business Case stage (M=.538, SD=.260); t(13)=2.917, p=.012. What stands 

out is that the projects that applied Gantt in the Business Case stage undergo a longer TTM than 

the projects that did not use Gantt. What also can be seen in the t-tests, is that the group of lower 
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innovative projects always applied the TTs; backward scheduling, CPM, risk analysis, a 

contingency plan and DFM. 

4.3.2 Quality of Use 

For all the lower innovative projects that applied TTs in the project, a correlation analysis 

was performed to test whether the quality of use of TTs is related with TTM. Table 4.2 shows the 

significant correlations of the quality of use of TTs and TTM for the lower innovative projects. No 

schedule management tool used in either the Business Case stage or Development stage was 

correlated with a shorter TTM. For the scope management TTs, the quality of use of RACI (r(13)=-

.398, p=.048) in the Development stage and a Change proposal (r(13)=-.456, p=.046) in the 

development stage are correlated with a shorter TTM. Within the category risk management no 

TT was correlated with TTM in both the Business Case stage and the Development stage. In the 

category stakeholder involvement, the projects that highly involved Business partners (r(9)=-

.606, p=.048) the TTM was shorter. However, only 11 of the 20 lower innovative projects involved 

a business partner in the project. The quality of use of NPD practices is not related with TTM of 

lower innovative projects. Aside from the tool and technique variables, one control variable was 

correlated with TTM; namely the level of schedule priority (r(18)=-.516, p=.020) is negatively 

correlated with TTM.  

 

Table 4.2: Significant Correlation with TTM, Low Innovative Projects 

Category Significant TT’s Correlation coefficient 

Schedule management - - 

Scope management 
RACI (Dev) -.398* 

Change proposal (Dev) -.456* 

Risk management - - 

Stakeholder Involvement Business partner involvement (Dev) -.606* 

NPD practices - - 

Control variables Project schedule priority -.516* 

Dev = Development stage 

*p<0.05 
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4.4 High Innovative Projects 

As stated in the previous section, the dataset was split in a group of lower innovative 

projects and a group higher innovative projects. For the analyses in this section the relative TTM 

is recalculated (see Equation 3.1), so the TTM of a high innovative project is relative to the group 

average TTM of high innovative projects.  

4.4.1 Application of TTs 

For the higher innovative projects, a t-test was conducted to test whether TTM differs for 

the projects that used TTs and projects that did not use TTs (Appendix VI). The TTM of projects 

did not differ for the groups that used TTs and the groups that did not use TTs. All five categories 

of TTs show no significant effect in both the Business Case stage, and the Development stage. 

What stands out is that every high innovative project used DFM in the Business Case stage. The 

t-test results of lower and higher innovative projects do not support H7a – H7c. 

4.4.2 Quality of Use 

For all the higher innovative projects that applied TTs, a correlation analysis was performed 

to test whether the quality of TT use is correlated with TTM. Table 4.3 shows the significantly 

correlated variables with TTM of the higher innovative projects. For this group, the quality of use 

of Beta testing was significantly related with a shorter TTM. This was the case for both the 

Business Case Stage (r(14)=-.618, p=.019) and the Development stage (r(15)=-.592, p=.020). 

Furthermore, one of the control variables was correlated with TTM of higher innovative projects; 

product quality priority (r(16)=-.512, p=.030). The higher priority for product quality is associated 

with a shorter TTM for higher innovative projects. The quality of use of other variables had no 

significant relationship with TTM of higher innovative projects.  
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Table 4.3: Significant Correlation with TTM, High Innovative Projects 

Category Significant TT’s Correlation coefficient 

Schedule management - - 

Scope management 
- - 

- - 

Risk management - - 

Stakeholder Involvement 
Beta testing (BC) -.618* 

Beta testing (Dev) -.592* 

NPD practices - - 

Control variables Product quality priority -.512* 

BC = Business Case stage 

Dev = Development stage 

*p<0.05 

4.5 Regression Analyses TTM 

Regression models were calculated to test whether the relative TTM can be estimated based 

on the quality of use of TTs. A model was calculated for all projects, the group of lower, and the 

group of higher innovative projects. Only the variables that are significantly correlated with TTM 

are included in the models. 

4.5.1 All Projects 

Table 4.4 shows the multiple linear regression model of the quality of usage of TTs and 

TTM for all projects. No significant regression equation was found (F(3,21)=2.643, p=.076). In the 

regression model the quality of use of a RACI is not significantly related to TTM; Beta=-.214, 

p=.327. The quality of use of a Change proposal is also not significantly related to TTM; Beta=-

.242, p=.332. This was also the case for the use of Beta testing (Beta=-.195, p=.399). As stated in 

section 3.3, if a tool was not applied during the project the value of that tool is treated as missing. 

In order to maximize the available data, the missing values were pairwise deleted.    
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Table 4.4: Regression Model TTM, All Projects 

Model Summary 
Model R R Square Adjusted R Square Std. Error of the Estimate 

1 .524a 0.274 0.170 0.404 

 

ANOVA 
  Sum of Squares df Mean Square F Sig. 

Regression 1.294 3 0.431 2.643 .076b 

Residual 3.429 21 0.163     

Total 4.723 24       

 

Coefficients* 

  

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 

Collinearity 
Statistics 

B Std. Error Beta Tolerance VIF 

(Constant) 2.017 0.391   5.163 0.000     

RACI (Dev) -0.104 0.104 -0.214 -1.004 0.327 0.758 1.319 

Change proposal 
(Dev) 

-0.090 0.091 -0.242 -0.992 0.332 0.583 1.715 

Beta testing (Dev) -0.071 0.083 -0.195 -0.860 0.399 0.674 1.483 

*Dependent variable: Relative TTM 

 

4.5.2 Low Innovative Projects 

Table 4.5 shows the multiple linear regression model of the quality of usage of TTs and TTM 

for the lower innovative projects. Because schedule priority is a control variable, a model was 

calculated with only schedule priority, and then the independent variables were added. The final 

model does not significantly predict TTM based on the quality of use of TTs (F(4,4)=.227, p=.473). 

Furthermore, the quality of use of RACI (Beta=-.274, p=.518), a change proposal (Beta=-.037, 

p=.952), and the degree of business partner involvement (Beta=-.415, p=.475) are not 

significantly related to TTM. As with the model for all projects missing values for the not applied 

TTs are pairwise deleted. 
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Table 4.5:Regression Model TTM, Lower Innovative Projects 

Model Summary 

Model R 
R 

Square 
Adjusted R 

Square 
Std. Error of the 

Estimate 

Change Statistics 

R Square 
Change 

F 
Change df1 df2 

Sig. F 
Change 

1 .516 0.267 0.162 0.428 0.267 2.546 1 7 0.155 

2 .720 0.518 0.036 0.459 0.251 0.694 3 4 0.602 

 

ANOVA 
Model   Sum of Squares df Mean Square F Sig. 

1 Regression 0.467 1 0.467 2.546 .155 

Residual 1.284 7 0.183     

Total 1.750 8       

2 Regression 0.906 4 0.227 1.074 .473 

Residual 0.844 4 0.211     

Total 1.750 8       

 

Coefficients* 

 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 

Collinearity 
Statistics 

B Std. Error Beta Tolerance VIF 

1 (Constant) 2.185 0.756   2.890 0.023     

Schedule priority -0.281 0.176 -0.516 -1.596 0.155 1.000 1.000 

2 (Constant) 2.904 0.972   2.988 0.040     

Schedule priority -0.151 0.233 -0.278 -0.651 0.551 0.661 1.514 

RACI (Dev) -0.122 0.173 -0.274 -0.707 0.518 0.805 1.242 

Change proposal (Dev) 0.014 0.224 0.037 0.064 0.952 0.372 2.691 

Business partner 
involvement (Dev) 

-0.206 0.261 -0.415 -0.787 0.475 0.433 2.309 

*Dependent variable: Relative TTM low innovative projects 

 

4.5.3 High Innovative Projects 

Table 4.6 shows the multiple linear regression analysis of the quality of use of TTs for the 

group of higher innovative projects. Two models were calculated. One with only quality priority 

as control variable and a second model with the addition of Beta testing TTs. The final regression 

equation was insignificant (F(3,9)=2.212, p=.156). The use of Beta testing in the Business Case 

stage is insignificant (Beta=-.247, p=.669). The use of this technique in the Development stage 

was also not significant (Beta=-.269, p=.604). Missing values for the not applied TTs are pairwise 

deleted. 
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Table 4.6: Regression Model TTM, High Innovative Projects 

Model Summary 

Model R 
R 

Square 
Adjusted R 

Square 
Std. Error of the 

Estimate 

Change Statistics 

R Square 
Change 

F 
Change df1 df2 

Sig. F 
Change 

1 .512a 0.262 0.195 0.357 0.262 3.903 1 11 0.074 

2 .651b 0.424 0.232 0.349 0.162 1.270 2 9 0.327 

 

ANOVA 
Model Sum of Squares df Mean Square F Sig. 

1 Regression 0.500 1 0.500 3.903 .074b 

Residual 1.408 11 0.128     

Total 1.908 12       

2 Regression 0.810 3 0.270 2.212 .156c 

Residual 1.098 9 0.122     

Total 1.908 12       

 

Coefficients* 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 

Collinearity 
Statistics 

B Std. Error Beta Tolerance VIF 

1 (Constant) 2.617 0.824   3.174 0.009     

Quality priority -0.352 0.178 -0.512 -1.976 0.074 1.000 1.000 

2 (Constant) 2.458 0.849   2.895 0.018     

Quality priority -0.152 0.226 -0.220 -0.670 0.520 0.592 1.690 

Beta testing 
(BC) 

-0.096 0.216 -0.247 -0.442 0.669 0.205 4.880 

Beta testing 
(Dev) 

-0.103 0.193 -0.269 -0.537 0.604 0.256 3.908 

*Dependent variable: Relative TTM High innovative projects 
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5 Additional Insights 

As stated in section 2.1 is not only time to market a time performance goal, but also the 

reduction of schedule variation (Smith, 2005). Previous literature (Swink, 2003; Papke-Shields et 

al., 2010; Patanakul et al. 2010) measured the effect of TTs on project delays instead of TTM. 

Additional analyses were performed to check whether the use of TTs is related to project delays. 

For this analysis, a new dependent variable was calculated, see Equation 5.1. Because a project’s 

delay is relative to its planned project time, lower innovative projects can be compared with 

higher innovative projects. 

 

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑑𝑒𝑙𝑎𝑦 =
𝐴𝑐ℎ𝑖𝑒𝑣𝑒𝑑 𝑝𝑟𝑜𝑗𝑒𝑐𝑡 𝑡𝑖𝑚𝑒

𝑃𝑙𝑎𝑛𝑛𝑒𝑑 𝑝𝑟𝑜𝑗𝑒𝑐𝑡 𝑡𝑖𝑚𝑒
 

Equation 5.1: Relative Project Delay 

5.1 All Projects 

5.1.1 Application of TTs 

As with the TTM in section 4, multiple independent sample t-tests were performed to 

check whether the relative delay differs for projects that use a TT and projects that do not use a 

TT (Appendix IX). For this analysis, no significant difference in relative delay was found between 

projects that applied a TT and projects that did not apply it. 

5.1.2 Quality of Use 

If a TT was applied during the project, a correlation analysis was run for the quality of use 

of the TT and the relationship with relative delay. Table 5.1 shows the significant correlation 

coefficients for quality of use and relative delay. None of the schedule management tools used 

in the Business Case stage or the Development stage are correlated with project delay. In the 

category scope management, the use of a change proposal (r(28)=-.475, p=.008) in the project 

Development stage is correlated with shorter project delay. The quality of use of the risk 
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management tool plan for uncertainty reduction (r(24)=-.423,p=.031) is significantly correlated 

with project delay when used in the Business Case stage of the projects. The involvement of a 

project Gate committee (r(27)=-.419,p=.024) is significantly correlated with a shorter delay. One 

of the NPD practices is correlated with relative delay. The quality of use of a QFD (r(19)=-

.436,p=.048) in the Business Case stage is negatively related with relative project delay. Aside 

from four tools and techniques, Table 5.1 also presents three control variables correlated with 

relative delay.  

The level of goal stability has a significant negative correlation coefficient (r(36)=-.468, 

p=.003). A higher product cost priority(r(36)=-.344, p=.034) and project schedule priority (r(36)=-

.360, p=.026) are correlated with a shorter project delay. 

 

Table 5.1: Significant Correlation with Relative Delay, All Projects 

Category Significant TT’s Correlation coefficient 

Schedule management - - 

Scope management Change proposal (Dev) -.475** 

Risk management Plan for Uncertainty reduction (BC) -.423* 

Stakeholder Involvement Gate committee involvement (BC) -.419* 

NPD practices QFD (BC) -.436* 

Control variables 

Goal stability -.468** 

Product cost priority -.344* 

Project schedule priority -.360* 

BC=Business Case stage 

Dev=Development stage 

*p<0.05 

**p<0.01 

 

5.2 Difference Delay Between High and Low Innovativeness 

An independent sample t-test (see Appendix X) was conducted to compare relative project 

delay of the group of higher innovative projects with the group of lower innovative projects. The 

test shows significant difference between the means of the higher innovative projects (M= .185, 

SD=.146) and the lower innovative projects (M=.059, SD=.130); t(36)=, p=.008. This suggests that 

the group of higher innovative projects have longer delays than the lower innovative projects. 
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Figure 5.1 shows the boxplot of the relative delay of the lower and higher innovative projects. If 

the relative delay is negative, the project was completed faster than planned.  

 

 

What stands out is that the lower innovative projects have one outlier that is completed 24% 

percent faster than planned. The value of the outlier is correct and will be included in further 

analyses. 

5.3 Low Innovative Projects 

The dataset was split in a group of lower innovative projects and a group higher innovative 

projects. This section shows the results of the relationship of TTs and relative delay of the lower 

innovative projects. 

5.3.1 Application of TTs 

For the lower innovative projects, a t-test was conducted to test whether relative delay 

differs from the use of TTs and not use of TTs (Appendix IX). The only technique that showed a 

significant difference in delay between the use and not use is bottom up scheduling. The mean 

delay was shorter from group that used a bottom up scheduling in the Development stage 

Figure 5.1: Boxplot of Relative Delay and Innovativeness 
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(M=.038, SD=.119) and the group that did not use a bottom up scheduling in the Business Case 

stage (M=.249, SD=.012); t(18)=-2.432, p=.026.  

5.3.2 Quality of Use 

For all the lower innovative projects that applied TTs in the project, a correlation analysis 

was performed to test whether the quality of use of TTs is related with relative project delay. 

Table 5.2 shows the significant correlations of the quality of use of TTs and delays for the lower 

innovative projects. The quality of use of schedule management tools is not significantly related 

with relative delay. In the category scope management, the quality of use of three TTs is 

significantly related with relative delay, when used in the Development stage. RACI (r(13)=-

.531,p=.042), a Change management plan(r(13)=-.517,p=.049), and a change proposal (r(13)=-

5.91,p=.020), are correlated with a shorter project delay. For the lower innovative projects, the 

quality of use of the NPD practice DOE is negatively correlated with project delay when used in 

the Development stage; r(12)=-.595, p=.025. As with the sample of total projects, is the control 

variable schedule priority correlated with relative delay; r(18)=-.444,p=.050. Furthermore, the 

level of team isolation from the rest of the company is correlated with relative project delay; 

r(18)=-4.81, p=.032.  

 

Table 5.2: Significant Correlation with Relative Delay, Low Innovative Projects 

Category Significant TT’s Correlation coefficient 

Schedule management - - 

Scope management 
 
 

RACI (Dev) -.531* 

Change management plan (Dev) -.517* 

Change proposal (Dev) -.591* 

Risk management - - 

Stakeholder Involvement - - 

NPD practices DOE (Dev) -.595* 

Control variables 
Project schedule priority -.444* 

Team isolation -.481* 

BC=Business Case stage 

Dev=Development stage 

*p<0.05 

**p<0.01 
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5.4 High Innovative Projects 

The dataset was split in a group of lower innovative projects and a group higher innovative 

projects. This section provides the results of the relationship of TTs and relative delay of the 

higher innovative projects. 

5.4.1 Application of TTs 

For the higher innovative projects, a t-test was conducted to test whether relative delay 

differs from the use of TTs and not use of TTs (Appendix IX). The relative delay of projects did not 

differ for the groups that used TTs and the groups that did not use TTs. All five categories of TTs 

show no significant effect for both the Business Case stage, and the Development stage. 

5.4.2 Quality of Use 

For all the higher innovative projects that applied TTs in the project, a correlation analysis 

was performed to test whether the quality of use of TTs is related to relative project delay. Table 

5.3 shows the significant correlations of the quality of use of TTs and relative delay for the higher 

innovative projects.  

The quality of use of Schedule management tools correlates with relative delay of higher 

innovative projects. In the Business Case stage, the successful application of bottom up 

scheduling (r(11)=-.622,p=.023) and backward scheduling (r(11)=-.578,p=.039) is significantly 

correlated with project delays. Furthermore, the quality of use of backward scheduling is also 

correlated with delays when used in the Development stage of the project; (r(13)=-.568,p=.027). 

The quality of use of the various scope management TTs in the Business Case stage or the 

Development stage is not related to relative delay. Having a plan to reduce the amount of 

uncertainty in the project in the Business Case stage is significantly correlated to a shorter project 

delay of the higher innovative projects; (r(13)=-.663,p=.007). The degree of stakeholder 

involvement of the different stakeholders is not related to relative project delay in both the 

Business Case stage as the Development stage of highly innovative projects. Of the NPD practices, 

only the use of QFD was correlated with relative project delay when used in the Business Case 

stage; (r(11)=-.627,p=.022).  
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Aside from the usage of TTs, three control variables are significantly correlated with delay 

of higher innovative projects. Project goal stability is negatively correlated with project delays; 

(r(16)=-.676,p=.002). This suggest that a having a more stable goal helps to reduce delays. As with 

lower innovative projects is a higher schedule priority related to a shorter project delay; (r(16)=-

.617,p=.006). Furthermore, the prioritization of lower product costs in the project is also 

correlated with a shorter delay; (r(16)=-.529,p=.024).  

 

Table 5.3: Significant Correlation with Relative Delay, High Innovative Projects 

Category Significant TT’s Correlation coefficient 

Schedule management 

Bottom up scheduling (BC) -.622* 

Backward scheduling (BC) -.578* 

Backward scheduling (Dev) -.568* 

Scope management 
- - 

- - 

Risk management Plan for uncertainty reduction (BC) -.663** 

Stakeholder Involvement - - 

NPD practices QFD (BC) -.627* 

Control variables Goal stability -.676** 

  Product cost priority -.529* 

  Project schedule priority -.617** 

Dev=Development stage 

BC=Business Case Stage 

*p<0.05 

**p<0.01 

5.5 Regression Analysis 

Regression models were calculated to test whether the relative project delay can be 

predicted based on the quality of use of TTs. Three models were calculated, one for the group of 

all projects, one for the lower innovative projects, and one for the higher innovative projects. 

Only the variables that are significantly correlated with relative delay are included in the models. 

5.5.1 All Projects 

Table 5.4 shows the multiple linear regression model of the quality of usage of TTs and 

relative delay for all projects. First, a model was calculated with only product cost priority, 
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Schedule priority and Goal stability, because these are statistically controlled for. Second, the 

independent variables of the TTs were added to the model. The final model does not significantly 

predict delay based on the quality of use of TTs (F(6,14)=2.196,p=.106). Because of high levels of 

multicollinearity, a plan for uncertainty reduction was excluded from the model. The other 

independent variables are insignificantly related to relative delay in the regression model. A 

pairwise deletion method was used for the missing values of the projects that did not apply 

individual TTs.  

 

Table 5.4: Regression Model Relative Delay, All Projects 

Model Summary 

Model R 
R 

Square 
Adjusted R 

Square 
Std. Error of the 

Estimate 

Change Statistics 

R Square 
Change 

F 
Change df1 df2 

Sig. F 
Change 

1 .550 0.302 0.179 0.136 0.302 2.454 3 17 0.098 

2 .696 0.485 0.264 0.129 0.183 1.655 3 14 0.222 

 

ANOVA 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 0.137 3 0.046 2.454 .098 

Residual 0.316 17 0.019     

Total 0.453 20       

2 Regression 0.219 6 0.037 2.196 .106 

Residual 0.233 14 0.017     

Total 0.453 20       

 

Coefficients* 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 

Collinearity 
Statistics 

B Std. Error Beta Tolerance VIF 

1 (Constant) 0.584 0.209   2.797 0.012     

Product Cost priority -0.034 0.041 -0.184 -0.846 0.409 0.873 1.145 

Schedule priority -0.041 0.043 -0.204 -0.937 0.362 0.870 1.149 

Goal stability -0.046 0.028 -0.354 -1.624 0.123 0.865 1.157 

2 (Constant) 0.705 0.223   3.162 0.007     

Product Cost priority 0.014 0.045 0.075 0.312 0.760 0.637 1.570 

Schedule priority 0.015 0.052 0.077 0.293 0.773 0.540 1.851 

Goal stability -0.033 0.027 -0.254 -1.203 0.249 0.823 1.215 

Change proposal (Dev) -0.024 0.030 -0.192 -0.807 0.433 0.650 1.538 

Gate committee 
involvement (BC) 

-0.070 0.041 -0.384 -1.701 0.111 0.722 1.386 

QFD (BC) -0.056 0.042 -0.383 -1.338 0.202 0.448 2.230 

*Dependent variable: Relative delay  
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5.5.2 Low Innovative Projects 

Table 5.5 shows the multiple linear regression model of the quality of usage of TTs and 

relative delay for the low innovative projects. The first model that is shown in the table includes 

all the control variables. The second model adds the quality of usage of significantly correlated 

TTs. No significant regression equation was found for the final regression model, (F(4,7)=3.162, 

p=.088). The quality of use of RACI in the Development stage was excluded from the model, 

because it was highly correlated with the other independent variables. In the regression models, 

none of the TTs is significantly related with relative delay. As with the other regression models, a 

pairwise deletion method was used for the missing values of the projects that did not apply 

individual TTs. 

 

Table 5.5: Regression Model Relative Delay, Low Innovative Projects 

Model Summary 

Model R 
R 

Square 
Adjusted R 

Square 
Std. Error of the 

Estimate 

Change Statistics 

R Square 
Change 

F 
Change df1 df2 

Sig. F 
Change 

1 .692 0.479 0.363 0.103 0.479 4.137 2 9 0.053 

2 .802 0.644 0.440 0.097 0.165 1.619 2 7 0.264 

 

ANOVA 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 0.089 2 0.045 4.137 .053 

Residual 0.097 9 0.011     

Total 0.187 11       

2 Regression 0.120 4 0.030 3.162 .088 

Residual 0.066 7 0.009     

Total 0.187 11       

 

Coefficients* 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 

Collinearity 
Statistics 

B Std. Error Beta Tolerance VIF 

1 (Constant) 0.524 0.177   2.964 0.016     

Schedule priority -0.076 0.037 -0.500 -2.067 0.069 0.989 1.011 

Team isolation -0.061 0.028 -0.534 -2.205 0.055 0.989 1.011 

2 (Constant) 0.544 0.167   3.264 0.014     

Schedule priority -0.041 0.044 -0.273 -0.951 0.373 0.618 1.619 

Team isolation -0.042 0.028 -0.370 -1.490 0.180 0.824 1.214 

Change proposal (Dev) -0.024 0.033 -0.217 -0.729 0.490 0.572 1.749 

DOE (Dev) -0.034 0.023 -0.363 -1.470 0.185 0.837 1.195 

*Dependent variable: Relative delay low innovative projects 
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5.5.3 High Innovative Projects 

Table 5.6 shows the multiple linear regression model of the quality of usage of TTs and 

relative delay for the high innovative projects. The sample size of the group highly innovative 

projects is 18. Including all control variables and TT variables in the regression equation will likely 

overfit the model. The number of variable ratio to the number of observations should not be 

more than one to five (Hair et al., 2010). This means that for the 18 observations only 3 variables 

should be added to the model. The decision was made to exclude the control variables and only 

calculate the model with the TTs. The plan for uncertainty reduction and the use of backward 

scheduling in the Development stage are highly correlated with the other variables. Therefore, 

these variables are excluded from the model. A significant regression equation was found 

(F(3,9)=4.361, p=.037), with an R2 of .592. However, the quality of use of the tools: backward 

scheduling (Beta=-.393, p=.118), bottom up scheduling (Beta=-.239, p=.479), and QFD (Beta=-

.346, p=.280) are not significantly related with delays. 

 

Table 5.6: Regression Equation Relative Delay, High Innovative Projects 

Model Summary 
R R Square Adjusted R Square Std. Error of the Estimate 

.770 0.592 0.457 0.116696 

 

ANOVA 
  Sum of Squares df Mean Square F Sig. 

Regression 0.178 3 0.059 4.361 .037 

Residual 0.123 9 0.014     

Total 0.301 12       

 

Coefficients* 

  

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 

Collinearity 
Statistics 

B Std. Error Beta Tolerance VIF 

(Constant) 1.083 0.296   3.656 0.005     

Backward scheduling 
(BC) 

-0.125 0.072 -0.393 -1.727 0.118 0.872 1.147 

Bottom up scheduling 
(BC) 

-0.049 0.063 -0.239 -0.777 0.457 0.479 2.089 

QFD (BC) -0.053 0.046 -0.346 -1.150 0.280 0.502 1.994 

*Dependent variable: Relative delay high innovative projects 
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6 Discussion 

This chapter provides the conclusion, theoretical implications, managerial implications, 

limitations and future research. In the conclusion, the research question and sub-questions are 

answered. After that the theoretical implications are discussed, followed by the managerial 

implications. This chapter finishes with the limitations of this research and possible directions for 

future research.  

6.1 Conclusion 

This section aims to answer the research question: ‘What is the relationship between the 

use of project management tools and techniques and time to market, and what is the role of 

product innovativeness?’ First the three sub-questions need to be answered before the 

research question can be answered.  

6.1.1 Sub-Question One: TTs Used in NPD 

The first sub-question states: ‘What project management tools and techniques are used in 

new product development?’. This question is not explicitly answered by the results shown in 

section 4 and 5. However, the TTs discussed in those sections are all used by the focal firm within 

the context of NPD projects. Several tools and techniques were applied in every project. Design 

for Manufacturability is highly adopted within the focal firm, since this technique was used in 

every project in either the Business Case stage or the Development stage. The same can be said 

for the involvement of top managers, the project gate committee and suppliers. The lower 

innovative projects always used backward scheduling techniques and CPM in schedule 

management. 

6.1.2 Sub-Question Two: Relationship TTs and TTM 

The second sub-question states: ‘Which tools and techniques are related with time to 

market?’. The results in section 4.1 suggest that the group of projects that applied individual TTs 

did not differ in TTM from projects that did not apply TTs. However, the quality of use of RACI, 



 
 

45 
 

Beta testing and change proposals used in the project Development stage were related with TTM. 

The reason that RACI might be related to TTM in the Development stage, is that the project 

increases in size in that stage and more human resources are involved. RACI can helps to clearly 

divide responsibilities among project team members. Beta testing can be used to capture 

important customer feedback on the product. With this feedback, the project team can focus on 

the key product features. The quality of use of a change proposal is significantly related to TTM 

when used in the Development stage. This might suggest that after the product has moved from 

the Business Case stage to the Development stage, the management of change becomes more 

important to reduce the effect of scope creep.  

When included in a regression model, the use of RACI, Beta testing and a change proposal 

were not significantly related to TTM. This might be caused by the fact that the quality of use of 

RACI and a change proposal are highly correlated. 

 

An additional analysis was performed with the dependent variable relative project delay, 

because reducing schedule variance can also be a project time goal (see section 2.1). Relative 

project delay is negatively correlated with the quality of use of four TTs. In the Development 

stage, a plan for uncertainty reduction is negatively related to project delay. This plan can help 

to reduce the occurrence and impact of project risks, this avoids rework and thus reduces delays. 

A highly involved gate committee in the Business Case stage is related to shorter project delays. 

The involvement of a gate committee might be important, because the committee makes go/no 

go decisions at gates and commits resources to the project (Cooper, 2008). However, Cooper 

(2008) suggest that pre-gate meetings with the gate committee should be avoided to prevent 

prejudging the project. The usage of a QFD negatively correlates with project delays when used 

in the Business Case stage. This suggest that a QFD might help to reduce project delays, by linking 

customer requirements to product features. This reduces rework in later stages of the project. 

The quality of use of a change proposal is not only related to TTM, but also to relative delay when 

used in the Development stage.  
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However, when the significantly correlated variables are included in a regression equation 

the relationship between the quality of use of TTs and relative delay is not significant. As stated 

in the previous paragraph, was the use of RACI and change proposal highly correlated. 

6.1.3 Sub-Question Three: the Role of Innovativeness 

The third sub-question states: ‘What is the role of product innovativeness in the relationship 

between the use of project management tools and techniques and time to market?’. This sub-

question can be answered with the results shown in section 4 and 5. Section 4.1 suggests that 

there is no significant difference in TTM between the group of lower and higher innovative 

projects, the difference was marginally significant. This effect might be caused by the median 

split of the degree of innovativeness. A high number of project had an innovativeness value close 

to the median. By median splitting projects with similar levels of innovativeness in two groups, 

these two groups also become similar. In contrast, the relative project delay was significantly 

different for the groups of higher and lower innovative projects. This suggest that the level of 

innovativeness might have a stronger relationship with project delays than TTM. 

 

In the group of lower innovative projects, the ones that used a Gantt chart have a longer 

TTM than the projects that did not use a Gantt chart. This finding contradicts expectations. It 

might be possible that lower innovative projects do not require a Gantt chart, and that using the 

tool would be counterproductive. 

For lower innovative projects, the quality of use of RACI is related with a shorter TTM. The 

quality of use of scope change management tools as a change proposal, is also significantly 

related to a shorter TTM for lower innovative projects. The use of a change management 

proposal might reduce scope creep in the lower innovative projects, thus reduce TTM. The 

degree of business partner involvement is associated with a shorter project delay. However, 

business partners were involved in only half of the lower innovative projects. 

 The analysis with the dependent variable relative delay was also performed with the group 

of lower innovative projects. For relative project delay, only bottom up scheduling was 

significantly different for the group that used the tool and the group that did not use the tool. 
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This suggest that applying bottom up scheduling results in shorter project delays, regardless of 

its quality of use. Furthermore, the quality of use of scope management tools as RACI, a change 

management plan and a change proposal are associated with a shorter delay, when used in the 

Development stage. This suggest that after lower innovative projects move from the Business 

Case to the Development stage, the management of change and division of responsibilities 

becomes more important. Quality of use of the NPD practice DOE is also related with shorter 

project delays. This suggest that using DOE well for fast product validation and testing is 

associated with meeting project deadlines and completing the project on time. 

 

In the group of higher innovative projects, TTM does not differ for the projects that used 

TTs and projects that did not use TTs. There is also no difference in relative project delay for the 

projects that applied TTs and projects that did not apply TTs. In the projects that used TTs, only 

the quality of use of Beta testing was correlated with TTM. These findings suggest the higher 

innovative project can benefit from consumer feedback in both the Business Case stage and the 

Development stage in order to reduce TTM. Furthermore, the quality of use of four TTs is 

correlated with relative delay of higher innovative projects. A well performed bottom up 

schedule used in the Business Case stage can help to reduce project delays for higher innovative 

projects. Bottom up scheduling might be useful for higher innovative projects, since they are 

more complex and therefore, more difficult to estimate top down. Aside from bottom up 

scheduling, is the quality of use of backward scheduling related to a shorter project delay. 

Backward scheduling is used for projects that are planned with a due date (PMI, 2013). For the 

focal firm, who produces consumer goods with seasonal market windows, a backward schedule 

might help the project team to become more deadline focused and less likely delay the project. 

The quality of use of a plan for uncertainty reduction in the Business Case stage is negatively 

correlated with project delay for higher innovative projects. This suggest that by reducing the 

level of uncertainty in higher innovative projects rework might be reduced, thus projects are less 

likely to delay. It is not surprising that this TT is effective for higher innovative projects, since 

these types of projects have higher levels of market and technological uncertainty than lower 

innovative projects. The quality of use of a QFD in the Business Case stage helps to reduce project 



 
 

48 
 

delays. This is useful for higher innovative projects, since the use of QFD can help to link customer 

requirements to key product features. It might help in finalizing the product features early and 

avoid costly and time consuming rework in later stages of the project.  

6.1.4 Research Question 

This section answers the research question: ‘What is the relationship between the use of 

project management tools and techniques and time to market, and what is the role of product 

innovativeness?’. None of the projects that used individual TTs were faster to market compared 

to the groups of projects that did not use TTs. The only exception was the use of bottom up 

scheduling for lower innovative projects. Furthermore, the quality of TTs use was correlated with 

TTM for the total sample of projects and for the lower innovative projects. 

The results suggest that applying a tool in the project, provides little benefit to shorten a 

project’s time to market or project delay. What matters is how well the tool is applied during a 

project. What can also be seen in the results is that the quality of use of more tool are related to 

reducing project delays instead of shortening TTM. This suggest that the quality of use might be 

more effective to meet schedules and deadlines rather than reducing the TTM. 

Innovativeness plays a moderating role in the relationship between the quality of use of 

TTs and TTM and delays. The results show that different TTs are associated with the TTM and 

delay of higher and lower innovative projects. Furthermore, lower innovative projects did not 

appear to have a shorter TTM than higher innovative projects. In contrast, the group of lower 

innovative projects suffered from less project delays than the group of higher innovative projects. 

What stands out in the results, is that tools that help to manage the critical path (e.g. Gantt 

and CPM) are not related with meeting deadlines or launching the product faster to the market. 

This was the case for the application as the quality of use of critical path management TTs. This 

is in line with the findings of Papke-Shields et al. (2010).  

6.2 Theoretical Implications 

The findings provide three theoretical implications. First, this research shows the 

importance of distinguishing between project stages when measuring the effect of PM and NPD 
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TTs. The relationship between the use and quality of use of TTs and TTM/delay differs for the 

project Business Case stage and the project Development stage. This adds to the research of 

Holahan et al. (2014) who suggested that research was needed on the use of project 

management practices in different stages in the NPD process.  

Second, the way TTM is measured matters. Previous literature focused on either (relative) 

TTM (Yeh et al., 2009), or project delay (Swink, 2003; Papke-Shields et al., 2010; Patanakul et al. 

2010). This study shows that quality of use of different project management TTs are related to 

TTM and relative project delay.  

Third, this thesis adds to the literature that quality of use could be taken into consideration 

when measuring the use of TTs. Previous research measured frequency of use of TTs (Papke-

Shields et al., 2010; Patanakul et al. 2010; Markham & Lee, 2013). A TT can be applied frequently 

in a project, but if it is not applied correctly it might not help to achieve project time goals. 

However, measuring quality of use by surveying project members might be sensitive to a social 

desirability bias. Section 6.4 elaborates further on this bias. 

6.3 Managerial Implications 

Project managers can utilize different PM and NPD TTs to reduce TTM and reduce project 

delays. The effectiveness of the application and quality of use of TTs differs for the level of 

innovativeness of the project, and the project stage where they are applied. Table 6.1 shows the 

recommended TTs project managers can utilize to reduce project time to market and project 

delay. The table shows which tools are effective for which type of projects.  

Project managers should consider the time goal of the project when using tools and 

techniques. For example, if the launch strategy is to launch the product before a seasonal market 

window, project managers can use TTs that help to minimize project delays to ensure on time 

completion. If the strategy is to get the product as fast as possible to the market, project 

managers can use TTs that help to speed up the project and reduce the TTM. 

Since the quality of use of most project management tools are correlated with one another, 

it is more difficult to prove the effect of a single tool on TTM.  Because of this the focal firm is 

advised to use the recommended TTs in combination in their future NPD projects.  
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Project managers should not underestimate the effect of other project characteristics. The 

level of schedule priority was associated with a shorter project delay. This means that projects 

with more urgency to be completed on time have shorter project delays. Furthermore, unstable 

goals in higher innovative projects were associated with a longer project delay. This suggest that 

higher innovative projects with a clear goal stick more to their schedules. 

Because the quality of use of tools and techniques is important, the focal firm could 

consider to provide project management training to further improve the quality of use of the TTs 

related to TTM and project delay. The focal firm could also consider assessing the use of tools 

and techniques quantitatively after project completion. By standardizing this assessment for 

every project and by capturing the results in the project database, the focal firm can compare 

best practices more easily in the future. 

 

Table 6.1: Recommended TTs for Project Managers 

TT 
Type of 
project 

Project stage TTM goal Description 

Backward 
scheduling 

High 
innovative 

Business Case Delay Backward scheduling can make the project 
team more deadline focused, hence project 
delays are minimized Development Delay 

Beta testing 

All 
projects 

Development TTM 
Beta testing can be used to gather consumer 
feedback on the product. Early testing can 
result in the identification of key product 
features. Late testing might capture final 
customer feedback before commercialization 
of the product. 

High 
innovative 

Business Case TTM 

High 
innovative 

Development TTM 

Bottom up 
scheduling 

High 
innovative 

Business Case Delay 

Bottom up scheduling helps to schedule 
complex projects, by planning the schedule 
based on the estimate duration of the 
project's sub tasks. 

Business 
partner 

involvement 

Low 
innovative 

Development Time to market 
Involving business partners and sharing 
expertise in co-developed products can help 
speed up product development. 

Change 
management 

plan 

Low 
innovative 

Development Delay 

As the project moves to development, the 
management of project changes becomes 
important to prevent scope creep. The use of 
a change management plan can help to 
manage these changes and prevent scope 
creep 

Change 
proposal 

All 
projects 

Development Time to market Change management proposal can help to 
communicate and request changes to project 
executives and the project gate committee. 

Low 
innovative 

Development Time to market 



 
 

51 
 

All 
projects 

Development Delay 
Scope creep can be reduced by keeping 
stakeholders aware of project changes.  

Low 
innovative 

Development Delay 

DOE 
Low 

innovative 
Development Delay 

 DOE can be used for faster product testing 
and validation.  

Gate 
committee 

involvement 

All 
projects 

Business Case Delay 
The involvement of a gate committee can 
help a project to acquire needed resources 
for the next project stage. 

Plan for 
Uncertainty 
reduction 

All 
projects 

Business Case Delay 
Developing a plan for the reduction of 
uncertainty can help to manage project risks 
and reduce the level of uncertainty for high 
innovative projects. Less uncertainty can 
result in a more accurate project plan. 

High 
innovative 

Business Case Delay 

QFD 

All 
projects 

Business Case Delay 
Project managers should consider using a 
QFD in high innovative projects to translate 
important customer requirements to design 
features. By only focusing on the features 
that bring the most value to customers, 
rework might be reduced.  

High 
innovative 

Business Case Delay 

RACI 

Low 
innovative 

Development Delay 
RACI is useful to clearly divide all project tasks 
to project members, and to ensure every 
tasks is assigned to a team member or 
resource.  

Low 
innovative 

Development Time to market 

All 
projects 

Development Time to market 

 

6.4 Limitations and Future Research 

This section elaborates on the limitations of this study and it provides possibilities for 

future research. 

A relatively small sample size drawn from a single firm limits the generalizability of the 

research results. Future research on the use of TTs should be conducted on a larger scale across 

different industries. Future studies should also apply a different Likert scale to avoid treating not 

applied TTs as missing values. The analysis suffered from data that had to be treated as missing 

values, this made it impossible to do a factor analysis. This problem can be solved by only 

researching more generally applied tools or by implementing a different type of Likert scale in 

the questionnaire. 

A possible bias of the survey results might be caused by social desirability. The questions 

were aimed on how well certain project management methods, tools and techniques were 
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applied. Appendix V shows that the averages of quality of use of TTs is relatively high for most 

tools (around 4 on a 5 point Likert like item). This bias might be caused by the way survey 

questions were presented to the respondents. Questions about the use of tools and techniques 

were stated: “How well was tool X applied during project stage Y of the project?”. Another 

question formulation might capture more reliable results. For example, Raz and Michael (2001) 

measured the contribution of a risk management tool and technique on a Likert scale from 0 (no 

contribution) to 5 (critical contribution). Future research could test whether the usage of this 

scale would capture different results.  

Only two stages (Build Business Case stage and the Development stage) of the product 

development process were analyzed in this research. The use of TTs in the stages; Scoping, 

Discovery and Launch of the product development process were not analyzed (see Figure 3.1). It 

is unclear how the application and quality of use of TTs in these stages is related to TTM and 

project delays. 

In this study, the only dependent variables are TTM and relative delay. In most NPD 

projects, time performance is trade-off with other performance indicators as quality, scope and 

cost (Swink et al., 2006). It is unclear whether projects that suffered from delays were delayed, 

because important features needed to be added to comply with consumer needs, or the cost of 

development speed would outweigh the benefit. 

This research focused on the time performance of individual NPD projects. These projects 

do not exist in a vacuum, but are part of a product portfolio. Teller et al. (2012) suggest that scope 

creep and delays in one project can impact the availability of shared resources. This means that 

delays in one project can have an effect on the entire project portfolio. It is unclear whether this 

was the case in the sample of this research.  

This thesis does not elaborate on how the recommended TTs should be implemented and 

used in NPD projects. Future research could focus on this by evaluating how TTs could best be 

applied.  

How TTs should be used is also related to user friendliness of the tool or technique. This 

research does not specify the user-friendliness of the different TTs used in product development. 
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Future research can answer this by assessing which TTs are the easiest to implement, and which 

tools have the highest benefits compared to the cost of use.  
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Glossary of Terms 

Term Description 

BCP Business Case stage 

BU Business Unit 

CPM Critical Path Method 

DFM Design for Manufacturability 

DOE Design of Experiment 

FMEA Failure Mode and Effect Analysis 

KPI Key Performance Indicator 

NPD New Product Development 

PERT Program Evaluation and Review Technique 

PM Project Management 

QFD Quality Function Deployment 

TTs Tools and Techniques 

VOC Voice Of the Customer 

WBS Work Breakdown Structure 
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Appendix I - Journals and Search Words 

Journals Impact 
factor 2016 

Keywords 

Journal of Product Innovation 
Management 

3.759 Project Management; 
Time/Speed to Market; 
Innovation Speed; 
Cycle Time; 
Development Speed/Acceleration; 
Methods; 
Tools; 
Techniques; 
Practices; 
Approaches; 
Product development phase(s)/stage(s); 
 

European Journal of 
Innovation Management 

 

International Journal of 
Product Development 

 

Journal of Engineering and 
Technology Management 

2.419 

R&D Management 2.444 

Journal of Operations 
Management 

5.207 

International journal of 
innovation management 

1.55 

Research Technology 
Management 

2.429 

Creativity & Innovation 
Management 

1.423 

International Journal of 
Project Management 

4.034 (New) Product Development;  
Methods;  
Tools;  
Techniques;  
Approaches;  
Practices;  
Development Speed;  
Time/Speed to Market;  
Innovation Speed; 
Project Speed/Time/Schedule;  
Speed/Time/Schedule;  

International Journal of 
Managing Projects in Business 

 

Project Management Journal 2.714 

Journal of General 
Management 
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Appendix II: Definitions of Tools & Techniques  

General tools Definition Source 

Analogous Estimates 
"A technique for estimating the duration or cost of an activity 
or a project using historical data from a similar activity or 
project." 

PMI (2013) 

Backward scheduling 
"A critical path method technique for calculating the late start 
and late finish dates by working backward through the 
schedule model from the project end date." 

PMI (2013) 

Bar/Gantt Charts 

"A bar chart of schedule information where activities are 
listed on the vertical axis, dates are shown on the horizontal 
axis, and activity durations are shown as horizontal bars 
placed according to start and finish dates." 

PMI (2013) 

Beta Testing 

"An external test of pre-production products. The purpose is 
to evaluate the product ’s functionality across a variety of 
field situations before sale to the general market in order to 
find those system faults that are more likely to appear during 
actual use." 

Kahn et al. 
(2012) 

Bottom-up Estimates 
"A method of estimating project duration or cost by 
aggregating the estimates of the lower-level components of 
the work breakdown structure (WBS)." 

PMI (2013) 

Change Management 
Plan 

"The change management plan defines the process for 
managing change on the project." 

PMI (2013) 

Contingency/Mitigatio
n Plan 

"A plan to cope with events whose occurrence, timing, and 
severity cannot be predicted." 

Kahn et al. 
(2012) 

Critical Path Method 
(CPM) 

"A method used to estimate the minimum project duration 
and determine the amount of scheduling flexibility on the 
logical network paths within the schedule model." 

PMI (2013) 

Design for 
Manufacturability 

"The systematic consideration of manufacturing issues in the 
design and development process, making easy the fabrication 
of the product ’s components and their assembly into the 
overall product." 

Kahn et al. 
(2012) 

Design of Experiment 
"A statistical method for evaluating multiple product and 
process design parameters simultaneously rather than one 
parameter at a time." 

Kahn et al. 
(2012) 

Failure Mode Effect 
Analysis (FMEA) 

"A technique used at the Development stage to discover the 
different ways in which a product may fail and to evaluate the 
outcomes of each type of failure." 

Kahn et al. 
(2012) 

Plan for uncertainty 
Reduction 

A plan to reduce uncertainty of new and complex project 
aspects. 

Salomo et 
al. (2007) 

Program Evaluation 
and Review Technique 
(PERT) 

"technique for estimating that applies a weighted average of 
optimistic, pessimistic, and most likely estimates when there 
is uncertainty with the individual activity estimates." 

PMI (2013) 
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Project Risk Analysis 
"The process of prioritizing risks for further analysis or action 
by assessing and combining their probability of occurrence 
and impact." 

PMI (2013) 

Responsibility 
assignment matrix (e.g. 
Responsible, 
Accountable, 
Consulted, Informed) 

"A grid that shows the project resources assigned to each 
work package." 

PMI (2013) 

Risk ownership 
Assigning risk owners, who are responsible for the 
management of their assigned risk. 

PMI (2013) 

Schedule Crashing 
"A technique used to shorten the schedule duration for the 
least incremental cost by adding resources." 

PMI (2013) 

Scope Change Proposal 
"A proposal to request changes to the project scope. A scope 
change almost always requires an adjustment to the project 
cost or schedule." 

PMI (2013) 

Supplier Involvement 
Degree to which a supplier is involved in the project early in 
the process. 

  

Top Management 
Involvement 

"Senior management’s favorable attitude and commitment to 
new product development project." 

Chen et al. 
(2010) 

Voice of the Customer 
(VOC) 

"A process for eliciting needs from consumers that uses 
structured in-depth interviews to lead interviewees through a 
series of situations in which they experienced and found 
solutions to the set of problems being investigated." 

Kahn et al. 
(2012) 

Work Breakdown 
Structure 

"A hierarchical decomposition of the total scope of work to 
be carried out by the project team to accomplish the project 
objectives and create the required deliverables." 

PMI (2013) 
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Appendix III: Project Delay Analysis 

Project data from the focal firm’s project database provides insight in the occurrence of 

project delays in the project stage. Completed projects from 2015 to 2018 were selected for this 

analysis. Because milestone dates in the discovery stage and the scoping stage (Stage 1) are not 

documented for every project, they are excluded from this analysis. Milestones from the Business 

Case stage (G0 to G1), Development stage (G1 to G4), and launch stage (G4 – Launch) are included 

in the analysis (see Figure 3.1: Stage-Gate process). The milestone dates planned at the start of 

the Business Case stage are compared with the achieved milestone dates. If the difference 

between the planned and achieved milestone dates is zero, then the milestone was exactly 

reached on the planned date. If the difference between the dates is positive, then the stage was 

delayed by one or more days. If the difference is a negative, the stage was completed faster than 

planned.  

 

 

 

Appendix Figure 1: Boxplot of project delays per milestone 
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Appendix Figure 1 shows the box plot of project slippage in each project stage planned. In 

this box plot, the milestones dates planned at Gate0 are compared with the dates that they were 

achieved. All datapoints above the “0 line” are delays. What stands out, is that there are 14 “out” 

values (circles), and nine extreme values (star). The outliers were verified by stakeholders within 

the company and they appear to be correct values. From box plot can be seen that the launch 

stage, G4 to launch, is often completed faster than planned. This can be explained by the logistical 

corrective actions that could have been applied in that stage. This means that products get 

shipped by air rather than ocean. What also stands out is that the Business Case stage G0 - G1 is 

always on time or later than planned. From the boxplot can be concluded that most delays occur 

during the Business Case stage and the Development stage.  

 

The schedule is updated after a project passes Gate1. Appendix Figure 2 shows the delays that 

occur after the schedule update. It can be seen from both figures, that most delays occur 

between Gate1 and Gate3. Based on these plots, the assumption is made that the speed to 

market can be increased the most by improving on the earliest stage of development (Gate0 to 

Gate4).  

  

Appendix Figure 2: Boxplot of project delays per milestone 
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Appendix IV: Tools and Techniques Used by the Focal Firm 

The use of tools as Computer Aided Design and Computer Aided Manufacturing are 

excluded from the survey, because these types are more often used by designers and engineers 

rather than project managers. These types of tools were part of the original literature study, but 

are excluded because they are out of the scope of project managerial activities.  

Lead user involvement was excluded from the survey, because project managers might 

not be familiar with it. However, the use of the tool Voice of the Customer and Beta testing was 

used by the focal firm and measured in the survey. Voice of the Customer is a technique to 

capture customer generic and detailed customer needs (Kahn, 2013). Beta testing is often used 

to test products in the field, this is usually done with customers (Kahn, 2013).  

The expert stated that the focal firm made use of backward scheduling method. Some 

products are aimed at a seasonal market window. The schedule is then calculated backwards 

from a launch date before the seasonal market window.  
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Appendix V: Descriptive Statistics 

Descriptive Statistics 

  Likert like variable Nominal variable 

  N Minimum Maximum Mean 
Std. 

Deviation N 
# 

Applied 

Relative time to market 38 0.22 2.33 1.00 0.44     
Relative delay 38 -0.24 0.54 0.12 0.15     
Innovativeness 38 1.50 5.00 3.58 0.90     
Project cost priority 38 1.00 5.00 3.20 1.02     
Product cost priority 38 2.00 5.00 4.04 0.80     
Schedule priority 38 3.00 5.00 4.35 0.75     
Quality priority 38 2.00 5.00 4.40 0.76     
Top management commitment 38 2.00 5.00 4.45 0.70     
Timely resource allocation 38 2.00 5.00 3.96 0.88     
Goal stability 38 1.00 5.00 3.27 1.17     
Functional diversity 38 2.00 5.00 4.05 0.82     
Team isolation 38 1.00 5.00 2.72 1.29     
Team colocation 38 1.00 5.00 2.76 1.21     

Business Case Stage 

Backward scheduling 26 2.00 5.00 4.01 0.70 32 26 

Beta testing 22 1.00 5.00 3.83 0.93 32 22 

Bottom up scheduling 25 2.00 5.00 3.78 0.90 32 25 

Change management plan 24 1.50 5.00 3.64 0.99 32 24 

Change proposal 25 1.00 5.00 3.41 1.37 32 25 

Contingency plan 28 3.00 5.00 4.08 0.72 32 28 

CPM 26 3.00 5.00 4.28 0.67 32 26 

DFM 28 1.00 5.00 4.02 1.01 32 28 

DOE 23 1.50 5.00 3.86 0.91 32 23 

FMEA 25 1.00 5.00 3.85 1.02 32 25 

Gantt chart 27 2.33 5.00 4.01 0.90 32 27 

Involvement business partner 22 1.00 5.00 3.86 1.03 32 22 

Involvement Gate committee 29 2.00 5.00 4.23 0.82 32 29 

Involvement supplier 28 1.00 5.00 3.87 0.88 32 28 

Involvement top management 29 3.00 5.00 4.35 0.59 32 29 

Plan for uncertainty reduction 26 3.00 5.00 3.89 0.73 32 26 

QFD 21 1.00 5.00 3.75 1.03 32 21 

RACI 26 2.00 5.00 3.74 0.87 32 26 

Risk analysis 28 3.00 5.00 4.21 0.70 32 28 

Risk ownership 27 2.67 5.00 4.06 0.69 32 27 

VOC 27 1.00 5.00 3.72 1.04 32 27 

WBS 27 1.00 5.00 3.69 1.12 32 27 
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Development stage 

Backward scheduling 34 1.00 5.00 4.06 0.85 38 34 

Beta testing 28 1.00 5.00 3.63 1.21 38 28 

Bottom up scheduling 32 1.00 5.00 3.75 0.98 38 32 

Change management plan 31 1.00 5.00 3.87 1.10 38 31 

Change proposal 30 1.00 5.00 3.87 1.18 38 30 

Contingency plan 35 1.00 5.00 4.06 0.93 38 35 

CPM 34 1.00 5.00 4.01 0.98 38 34 

DFM 35 1.00 5.00 3.91 0.92 38 35 

DOE 29 1.00 5.00 3.64 1.15 38 29 

FMEA 32 1.00 5.00 3.73 0.97 38 32 

Gantt chart 32 2.00 5.00 3.97 0.90 38 32 

Involvement business partner 25 2.50 5.00 4.00 0.88 38 25 

Involvement Gate committee 37 2.00 5.00 4.13 0.81 38 37 

Involvement supplier 37 1.00 5.00 4.02 1.02 38 37 

Involvement top management 38 1.00 5.00 4.02 0.90 38 38 

Plan for uncertainty reduction 32 2.50 5.00 3.90 0.81 38 32 

QFD 26 1.00 5.00 3.67 1.14 38 26 

RACI 31 1.00 5.00 3.92 0.91 38 31 

Risk analysis 35 3.00 5.00 4.27 0.65 38 35 

Risk ownership 34 1.00 5.00 4.11 0.88 38 34 

VOC 32 2.67 5.00 3.86 0.80 38 32 

WBS 33 1.00 5.00 3.80 1.18 38 33 

Valid N (listwise) 9             

  



 
 

66 
 

Appendix VI: t-tests Tool and Technique Usage and TTM 

This appendix shows the results of the t-tests of TT usage and TTM. Each table represents a 

category of TTs. TTM is compared between the groups that used a TT and groups that did not use 

a TT. The results are shown for the groups of all projects, low innovative projects, and high 

innovative projects. Furthermore, the tables show the application of TTs in the Business Case 

stage, and the Development stage.  
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Table VI.1: t-tests schedule management, and time to market 

 

Table VI.2: t-tests scope management, and time to market 

  All projects Low innovative projects High innovative projects 

TTs 

Mean 
relative 
TTM,  
TT used 

Mean 
relative 
TTM, TT 
not used 

T-test 
significance 

Mean 
relative 
TTM, TT 
used 

Mean 
relative 
TTM, TT 
not used 

T-test 
significance 

Mean 
relative 
TTM, TT 
used 

Mean 
relative 
TTM, TT 
not used 

T-test 
significance 

Business  Case Stage 

RACI 1.101 0.927 0.365 1.160 0.736 0.143 1.033 1.065 0.898 

WBS 1.079 1.014 0.754 1.136 0.681 0.185 1.017 1.139 0.623 

Change management plan 1.079 1.038 0.813 1.126 0.937 0.484 1.018 1.104 0.701 

Change proposal 1.065 1.082 0.928 1.121 0.951 0.529 0.995 1.243 0.313 

Development Stage 

RACI 1.026 0.887 0.461 1.052 0.844 0.404 0.988 1.098 0.724 

WBS 0.989 1.073 0.698 0.974 1.145 0.574 0.996 1.032 0.907 

Change management plan 0.997 1.015 0.921 0.973 1.082 0.663 0.996 1.032 0.907 

Change proposal 0.992 1.030 0.835 0.973 1.082 0.663 0.996 1.021 0.922 

 

  All projects Low innovative projects High innovative projects 

TTs 
Mean relative 
TTM, TT used 

Mean 
relative 
TTM, TT not 
used 

T-test 
significance 

Mean 
relative 
TTM, TT 
used 

Mean 
relative 
TTM, TT 
not used 

T-test 
significance 

Mean 
relative 
TTM, TT 
used 

Mean 
relative 
TTM, TT not 
used 

T-test 
significance 

Business  Case Stage 

Backward scheduling 1.077 1.033 0.821 1.136 0.681 0.185 1.018 1.104 0.701 

Bottom up scheduling 1.066 1.079 0.941 1.103 0.967 0.652 1.018 1.104 0.701 

CPM 1.077 1.033 0.821 1.136 0.681 0.185 1.018 1.104 0.701 

Gantt chart 1.114 0.822 0.154 1.210 0.538 0.012 1.019 1.188 0.565 

Development Stage 

Backward scheduling 0.963 1.312 0.140 - - - 0.972 1.139 0.524 

Bottom up scheduling 0.990 1.051 0.764 0.982 1.163 0.617 1.017 0.940 0.745 

CPM 0.997 1.026 0.905 - - - 1.040 0.802 0.363 

Gantt chart 1.009 0.954 0.784 1.000 1.000 1.000 1.019 0.906 0.669 
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Table VI.3: t-tests risk management, and time to market 

  All projects Low innovative projects High innovative projects 

TTs 

Mean 
relative 
TTM, TT 
used 

Mean 
relative 
TTM, TT 
not used 

T-test 
significance 

Mean 
relative 
TTM, TT 
used 

Mean 
relative 
TTM, TT 
not used 

T-test 
significance 

Mean 
relative 
TTM, TT 
used 

Mean 
relative 
TTM, TT 
not used 

T-test 
significance 

Business  Case Stage 

Risk analysis 1.083 0.972 0.630 1.136 0.681 0.185 1.019 1.188 0.565 

Plan for uncertainty reduction 1.085 0.999 0.656 1.126 0.937 0.484 1.019 1.188 0.565 

Contingency Plan 1.083 0.972 0.630 1.136 0.681 0.185 1.019 1.188 0.565 

Risk ownership 1.095 0.927 0.418 1.160 0.736 0.143 1.019 1.188 0.565 

Development Stage 

Risk analysis 1.014 0.833 0.506 - - - 1.061 0.515 0.066 

Plan for uncertainty reduction 0.994 1.031 0.857 0.946 1.308 0.226 1.040 0.802 0.363 

Contingency Plan 0.992 1.093 0.711 - - - 1.018 0.860 0.612 

Risk ownership 0.999 1.006 0.977 0.980 1.180 0.581 1.018 0.860 0.612 

 

Table VI.4: t-tests NPD practices, and time to market 

  All projects Low innovative projects High innovative projects 

TTs 

Mean 
relative TTM, 
TT used 

Mean relative 
TTM, TT not 
used 

T-test 
significance 

Mean 
relative TTM, 
TT used 

Mean relative 
TTM, TT not 
used 

T-test 
significance 

Mean 
relative TTM, 
TT used 

Mean relative 
TTM, TT not 
used 

T-test 
significance 

Business  Case Stage 

DFM 1.096 0.876 0.333 1.160 0.736 0.143 - - - 

DOE 1.076 1.050 0.878 1.133 0.989 0.556 0.995 1.243 0.313 

QFD 1.082 1.043 0.806 1.098 1.049 0.839 1.018 1.104 0.701 

FMEA 1.071 1.059 0.946 1.123 0.981 0.577 0.995 1.365 0.199 

Development Stage 

DFM 1.009 0.897 0.681 - - - 1.018 0.860 0.612 

DOE 0.963 1.121 0.358 0.893 1.249 0.122 0.995 1.024 0.912 

QFD 1.054 0.883 0.276 1.084 0.845 0.287 1.018 0.952 0.762 

FMEA 1.047 0.749 0.133 1.069 0.723 0.192 1.018 0.860 0.612 
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Table VI.5: t-tests Stakeholder involvement, and time to market 

  All projects Low innovative projects High innovative projects 

TTs 

Mean 
relative 
TTM, TT 
used 

Mean 
relative 
TTM, TT 
not used 

T-test 
significance 

Mean 
relative 
TTM, TT 
used 

Mean 
relative 
TTM, TT 
not used 

T-test 
significance 

Mean 
relative 
TTM, TT 
used 

Mean 
relative 
TTM, TT 
not used 

T-test 
significance 

Business  Case Stage 

Beta testing 1.080 1.044 0.828 1.108 1.039 0.775 1.007 1.188 0.465 

VOC 1.073 1.044 0.888 1.103 0.967 0.652 1.020 1.177 0.596 

Top management involvement 1.089 0.869 0.393 1.098 0.985 0.708 - - - 

Gate Committee involvement 1.089 0.869 0.393 1.098 0.985 0.708 - - - 

Supplier involvement 1.107 0.800 0.173 1.115 0.916 0.504 - - - 

Business Partner Involvement 1.064 1.079 0.930 1.013 1.147 0.579 1.027 1.093 0.793 

Development Stage 

Beta testing 1.052 0.855 0.234 1.095 0.824 0.225 0.345 0.420 0.922 

VOC 1.059 0.687 0.059 1.081 0.538 0.062 1.041 0.795 0.344 

Top management involvement - - - - - - - - - 

Gate Committee involvement - - - - - - - - - 

Supplier involvement - - - - - - - - - 

Business Partner Involvement 1.040 0.923 0.449 1.003 0.996 0.973 1.027 0.905 0.605 
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Appendix VII: Independent Sample t-test Innovativeness 

Group Statistics 

Innovativeness N Mean Std. Deviation Std. Error Mean 

Relative TTM High 18 1.13120 0.451083 0.106321 

Low 20 0.88192 0.412533 0.092245 

 

  

Levene's Test for Equality of Variances 

F Sig. 

Relative TTM Equal variances assumed 0.014 0.906 

Equal variances not assumed     

 

t-test for Equality of Means 

t df 
Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence Interval of the 
Difference 

Lower Upper 

1.780 36 0.084 0.249284 0.140083 -0.034818 0.533387 

1.771 34.656 0.085 0.249284 0.140760 -0.036575 0.535144 
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Appendix VIII: Correlations Quality of Use and TTM 

  All projects Low innovativeness High innovativeness 

Variable Coefficient 
Sig. (2-
tailed) Coefficient 

Sig. (2-
tailed) Coefficient 

Sig. (2-
tailed) 

Project cost priority 
-0.106 0.525 

-0.039 0.870 -0.008 0.976 

Product cost priority 
-0.025 0.883 

-0.215 0.362 0.195 0.438 

Schedule priority -0.298 0.069 -.516* 0.020 -0.199 0.429 

Quality priority -0.111 0.506 0.008 0.972 -.512* 0.030 

Top management 
commitment 0.064 0.704 

-0.102 0.668 -0.060 0.812 

Timely resource allocation 
0.034 0.838 

-0.020 0.932 0.074 0.771 

Goal stability -0.192 0.248 -0.102 0.669 -0.320 0.196 

Functional diversity 
0.064 0.704 

-0.027 0.910 0.235 0.349 

Team isolation 0.002 0.992 0.033 0.890 -0.179 0.476 

Team colocation 0.063 0.707 -0.066 0.783 0.024 0.925 

Business Case Stage 

Backward scheduling 0.106 0.608 -0.037 0.906 0.196 0.521 

Beta testing -0.399 0.066 0.237 0.573 -.618* 0.019 

Bottom up scheduling -0.133 0.527 -0.125 0.698 -0.194 0.525 

Change management plan -0.145 0.498 -0.382 0.246 0.058 0.852 

Change proposal -0.194 0.352 -0.504 0.114 0.075 0.798 

Contingency plan -0.182 0.354 -0.115 0.708 -0.168 0.551 

CPM 0.102 0.621 -0.165 0.589 0.366 0.218 

DFM 0.100 0.613 -0.113 0.726 0.281 0.292 

DOE -0.173 0.430 -0.431 0.246 0.019 0.949 

FMEA 0.194 0.352 0.150 0.680 0.202 0.471 

Gantt chart 0.169 0.400 0.275 0.387 0.090 0.751 

Involvement business 
partner 

-0.128 0.569 -0.162 0.701 -0.028 0.923 

Involvement Gate 
committee 

0.038 0.845 -0.087 0.788 0.184 0.480 

Involvement supplier 0.126 0.522 0.233 0.467 0.113 0.678 

Involvement top 
management 

-0.098 0.612 -0.194 0.545 -0.044 0.866 
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Plan for uncertainty 
reduction 

-0.041 0.841 -0.148 0.664 0.105 0.710 

QFD -0.169 0.463 0.213 0.613 -0.257 0.396 

RACI 0.006 0.976 -0.001 0.997 -0.057 0.847 

Risk analysis 0.036 0.857 -0.189 0.536 0.313 0.255 

Risk ownership -0.247 0.215 -0.094 0.772 -0.332 0.227 

VOC 0.044 0.826 0.161 0.618 0.046 0.871 

WBS 0.112 0.579 0.006 0.985 0.144 0.623 

Development stage 

Backward scheduling -0.207 0.239 -0.338 0.156 -0.017 0.951 

Beta testing -.404* 0.033 -0.369 0.215 -.592* 0.020 

Bottom up scheduling -0.339 0.058 -0.352 0.152 -0.371 0.192 

Change management plan -0.339 0.062 -0.235 0.399 -0.356 0.176 

Change proposal -.456* 0.011 -.521* 0.046 -0.368 0.177 

Contingency plan -0.131 0.454 -0.042 0.865 -0.273 0.306 

CPM -0.104 0.557 -0.183 0.454 -0.261 0.348 

DFM -0.055 0.755 -0.123 0.617 0.075 0.781 

DOE -0.051 0.795 0.014 0.961 -0.442 0.099 

FMEA 0.071 0.700 -0.205 0.447 0.190 0.482 

Gantt chart 0.154 0.400 0.251 0.332 -0.045 0.874 

Involvement business 
partner 

-0.370 0.069 -.606* 0.048 -0.169 0.563 

Involvement Gate 
committee 

-0.025 0.883 -0.127 0.604 0.061 0.810 

Involvement supplier -0.135 0.426 -0.430 0.059 0.198 0.446 

Involvement top 
management 

0.038 0.819 -0.209 0.375 0.183 0.467 

Plan for uncertainty 
reduction 

-0.027 0.885 -0.023 0.929 0.019 0.947 

QFD -0.243 0.232 -0.200 0.512 -0.515 0.072 

RACI -.398* 0.027 -.518* 0.048 -0.294 0.269 

Risk analysis -0.035 0.843 -0.071 0.774 0.037 0.892 

Risk ownership -0.137 0.438 -0.026 0.919 -0.368 0.161 

VOC -0.207 0.256 -0.033 0.901 -0.383 0.158 

WBS 0.030 0.868 -0.094 0.720 0.058 0.830 

*p<0.05 
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Appendix IX: t-tests Tool and Technique Usage and Delay 

This appendix shows the results of the t-tests of TT usage and relative delay. Each table 

represents a category of TTs. TTM is compared between the groups that used a TT and groups 

that did not use a TT. The results are shown for the projects, low innovative projects, and high 

innovative projects. Furthermore, the tables show the application of TTs in the Business Case 

stage, and the Development stage.  
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Table X.1: t-tests schedule management, and relative delay 

  All projects Low innovative projects High innovative projects 

Tool 

Mean 
relative 
TTM, TT 
used 

Mean relative 
TTM, TT not 
used 

T-test 
significance 

Mean 
relative 
TTM, TT 
used 

Mean relative 
TTM, TT not 
used 

T-test 
significance 

Mean 
relative 
TTM, TT 
used 

Mean relative 
TTM, TT not 
used 

T-test 
significance 

Business  Case Stage                   

Backward scheduling 0.121 0.161 0.588 0.059 0.008 0.668 1.018 1.104 0.701 

Bottom up scheduling 0.120 0.160 0.570 0.051 0.055 0.964 1.018 1.104 0.701 

CPM 0.121 0.161 0.588 0.059 0.008 0.872 1.018 1.104 0.701 

Gantt chart 0.140 0.070 0.600 0.081 -0.063 0.466 1.019 1.188 0.565 

Development Stage                   

Backward scheduling 0.106 0.232 0.113 - - - 0.972 1.139 0.524 

Bottom up scheduling 0.104 0.198 0.166 0.038 0.249 0.026 1.017 0.940 0.745 

CPM 0.109 0.201 0.256 - - - 1.040 0.802 0.363 

Gantt chart 0.115 0.138 0.736 0.053 0.097 0.602 1.019 0.906 0.669 

 

Table X.2: t-tests scope management, and relative delay 

  All projects Low innovative projects High innovative projects 

Tool 

Mean 
relative 
delay, TT 
used 

Mean 
relative 
delay, TT not 
used 

T-test 
significance 

Mean 
relative 
delay, TT 
used 

Mean 
relative 
delay, TT not 
used 

T-test 
significance 

Mean 
relative 
delay, TT 
used 

Mean 
relative 
delay, TT not 
used 

T-test 
significance 

Business  Case Stage                   
RACI 0.132 0.112 0.789 0.063 0.005 0.561 1.033 1.065 0.898 

WBS 0.126 0.141 0.856 0.059 0.008 0.668 1.017 1.139 0.623 

Change management plan 0.125 0.140 0.824 0.055 0.042 0.879 1.018 1.104 0.701 

Change proposal 0.129 0.127 0.976 0.050 0.056 0.952 0.995 1.243 0.313 

Development Stage                   
RACI 0.120 0.115 0.932 0.052 0.081 0.672 0.988 1.098 0.724 

WBS 0.107 0.196 0.225 0.045 0.139 0.262 0.996 1.032 0.907 

Change management plan 0.111 0.156 0.477 0.044 0.106 0.367 0.996 1.032 0.907 

Change proposal 0.106 0.170 0.290 0.044 0.106 0.367 0.996 1.021 0.922 
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Table X.3: t-tests risk management, and relative delay 

  All projects Low innovative projects High innovative projects 

Tool 

Mean 
relative 
delay, TT 
used 

Mean 
relative 
delay, TT 
not used 

T-test 
significance 

Mean 
relative 
delay, TT 
used 

Mean 
relative 
delay, TT 
not used 

T-test 
significance 

Mean 
relative 
delay, TT 
used 

Mean 
relative 
delay, TT not 
used 

T-test 
significance 

Business  Case Stage             
Risk analysis 0.127 0.139 0.893 0.059 0.008 0.872 1.01875 1.18800 0.565 

Plan for uncertainty reduction 0.131 0.118 0.858 0.055 0.042 0.879 1.01875 1.18800 0.565 

Contingency Plan 0.127 0.139 0.893 0.059 0.008 0.872 1.01875 1.18800 0.565 

Risk ownership 0.132 0.111 0.796 0.063 0.005 0.561 1.01875 1.18800 0.565 

Development Stage             

Risk analysis 0.120 0.108 0.895 - - - 1.06056 0.51545 0.066 

Plan for uncertainty reduction 0.115 0.140 0.715 0.053 0.092 0.646 1.03950 0.80247 0.363 

Contingency Plan 0.120 0.105 0.864 - - - 1.01754 0.85960 0.612 

Risk ownership 0.124 0.078 0.575 0.064 0.018 0.653 1.01754 0.85960 0.612 

 

Table X.4: t-tests NPD practices, and relative delay 

  All projects Low innovative projects High innovative projects 

Tool 

Mean 
relative 
delay, TT 
used 

Mean relative 
delay, TT not 
used 

T-test 
significance 

Mean 
relative 
delay, TT 
used 

Mean relative 
delay, TT not 
used 

T-test 
significance 

Mean 
relative 
delay, TT 
used 

Mean relative 
delay, TT not 
used 

T-test 
significance 

Business  Case Stage                   

DFM 0.137 0.073 0.468 0.063 0.005 0.561 - - - 
DOE 0.138 0.105 0.610 0.055 0.047 0.915 0.995 1.243 0.313 

QFD 0.130 0.126 0.950 0.043 0.062 0.809 1.018 1.104 0.701 

FMEA 0.140 0.090 0.480 0.055 0.046 0.913 0.995 1.365 0.199 

Development Stage                   

DFM 0.121 0.092 0.753 - - - 1.018 0.860 0.612 

DOE 0.126 0.095 0.596 0.052 0.076 0.715 0.995 1.024 0.912 

QFD 0.107 0.145 0.474 0.030 0.113 0.183 1.018 0.952 0.762 

FMEA 0.120 0.113 0.917 0.049 0.100 0.494 1.018 0.860 0.612 
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Table X.5: t-tests stakeholder involvement, and relative delay 

  All projects Low innovative projects High innovative projects 

Tool 

Mean 
relative 
delay, TT 
used 

Mean 
relative 
delay, TT 
not used 

T-test 
significance 

Mean 
relative 
delay, TT 
used 

Mean 
relative 
delay, TT 
not used 

T-test 
significance 

Mean 
relative 
delay, TT 
used 

Mean 
relative 
delay, TT 
not used 

T-test 
significance 

Business  Case Stage                   

Beta testing 0.129 0.127 0.970 0.033 0.073 0.619 0.184 0.253 0.470 

VOC 0.132 0.111 0.795 0.051 0.055 0.964 1.020 1.177 0.596 

Top management involvement 0.134 0.074 0.547 0.046 0.074 0.877 - - - 

Gate Committee involvement 0.134 0.074 0.547 0.046 0.074 0.877 - - - 

Supplier involvement 0.134 0.092 0.635 0.058 0.027 0.856 - - - 

Business Partner Involvement 0.131 0.123 0.902 0.016 0.093 0.329 1.027 1.093 0.793 

Development Stage                   

Beta testing 0.116 0.128 0.828 0.056 0.065 0.890 0.168 0.276 0.254 

VOC 0.116 0.135 0.785 0.046 0.132 0.305 1.041 0.795 0.344 

Top management involvement - - - - - - - - - 

Gate Committee involvement - - - - - - - - - 

Supplier involvement - - - - - - - - - 

Business Partner Involvement 0.128 0.101 0.600 0.041 0.081 0.510 1.027 0.905 0.605 
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Appendix X: t-test Innovativeness and Delay 

Group Statistics 

Innovativeness N Mean Std. Deviation Std. Error Mean 

Relative Delay High 18 0.18562 0.146224 0.034465 

Low 20 0.05918 0.130226 0.029119 

 

  

Levene's Test for Equality of Variances 

F Sig. 

Relative Delay Equal variances assumed 0.291 0.593 

Equal variances not assumed     

 

t-test for Equality of Means 

t df 
Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence Interval of the 
Difference 

Lower Upper 

2.820 36 0.008 0.126447 0.044839 0.035509 0.217385 

2.802 34.297 0.008 0.126447 0.045120 0.034782 0.218112 
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Appendix XI: Correlations Quality of Use and Delay 

  All projects Low innovativeness High innovativeness 

Variable 
Coefficient 

Sig. (2-
tailed) 

Coefficient 
Sig. (2-
tailed) 

Coefficient 
Sig. (2-
tailed) 

Project cost priority -0.122 0.466 0.133 0.576 -0.115 0.649 

Product cost priority -.344* 0.034 -0.028 0.905 -.529* 0.024 

Schedule priority -.360* 0.026 -.444* 0.050 -.617** 0.006 

Quality priority -0.196 0.238 -0.440 0.052 -0.207 0.409 

Top management 
commitment 0.054 0.749 

-0.252 0.283 -0.086 0.735 

Timely resource allocation 
-0.154 0.356 

-0.106 0.656 -0.204 0.416 

Goal stability -.468** 0.003 -0.392 0.087 -.676** 0.002 

Functional diversity -0.278 0.092 -0.136 0.568 -0.257 0.304 

Team isolation -0.168 0.314 -.481* 0.032 -0.196 0.436 

Team colocation -0.239 0.148 -0.414 0.069 -0.413 0.088 

Business Case Stage 

Backward scheduling -0.198 0.331 -0.258 0.394 0.196 0.521 

Beta testing -0.122 0.590 0.330 0.425 -0.214 0.463 

Bottom up scheduling -0.302 0.143 -0.154 0.633 -0.194 0.525 

Change management plan -0.390 0.059 -0.323 0.332 0.058 0.852 

Change proposal -0.393 0.052 -0.431 0.186 0.075 0.798 

Contingency plan -0.294 0.129 -0.046 0.881 -0.168 0.551 

CPM -0.285 0.158 -0.204 0.504 0.366 0.218 

DFM -0.203 0.301 0.122 0.706 0.281 0.292 

DOE -0.326 0.129 -0.213 0.582 0.019 0.949 

FMEA -0.207 0.320 0.141 0.698 0.202 0.471 

Gantt chart -0.030 0.884 0.235 0.462 0.090 0.751 

Involvement business 
partner 

-0.284 0.200 0.016 0.970 -0.028 0.923 

Involvement Gate 
committee 

-.419* 0.024 -0.185 0.565 0.184 0.480 

Involvement supplier -0.195 0.321 0.218 0.497 0.113 0.678 

Involvement top 
management 

-0.299 0.115 -0.205 0.522 -0.044 0.866 

Plan for uncertainty 
reduction 

-.423* 0.031 -0.060 0.860 0.105 0.710 

QFD -.436* 0.048 0.430 0.288 -0.257 0.396 

RACI 0.006 0.975 -0.008 0.980 -0.057 0.847 
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Risk analysis -0.322 0.094 -0.098 0.751 0.313 0.255 

Risk ownership -0.123 0.542 0.186 0.563 -0.332 0.227 

VOC -0.356 0.068 -0.110 0.733 0.046 0.871 

WBS -0.046 0.819 0.074 0.810 0.144 0.623 

Development stage 

Backward scheduling -0.292 0.093 -0.239 0.324 -0.017 0.951 

Beta testing -0.033 0.868 -0.333 0.266 -0.018 0.950 

Bottom up scheduling -0.321 0.073 -0.272 0.274 -0.371 0.192 

Change management plan -0.340 0.061 -.517* 0.049 -0.356 0.176 

Change proposal -.475** 0.008 -.591* 0.020 -0.368 0.177 

Contingency plan -0.201 0.248 -0.292 0.225 -0.273 0.306 

CPM -0.191 0.280 -0.440 0.059 -0.261 0.348 

DFM -0.301 0.079 -0.284 0.239 0.075 0.781 

DOE -0.280 0.141 -.595* 0.025 -0.442 0.099 

FMEA -0.114 0.536 -0.096 0.723 0.190 0.482 

Gantt chart 0.002 0.990 0.196 0.451 -0.045 0.874 

Involvement business 
partner 

-0.387 0.056 -0.288 0.390 -0.169 0.563 

Involvement Gate 
committee 

-0.238 0.156 -0.308 0.200 0.061 0.810 

Involvement supplier -0.212 0.207 -0.268 0.253 0.198 0.446 

Involvement top 
management 

-0.030 0.856 -0.329 0.157 0.183 0.467 

Plan for uncertainty 
reduction 

-0.313 0.081 -0.163 0.532 0.019 0.947 

QFD -0.176 0.390 -0.304 0.313 -0.515 0.072 

RACI -0.329 0.071 -.531* 0.042 -0.294 0.269 

Risk analysis -0.217 0.211 -0.326 0.174 0.037 0.892 

Risk ownership -0.193 0.273 -0.267 0.285 -0.368 0.161 

VOC -0.183 0.316 -0.165 0.526 -0.383 0.158 

WBS -0.155 0.390 -0.329 0.197 0.058 0.830 

*p<0.05 

**p<0.01 

 


