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Executive Summary 
New Product Development (NPD) is critical for companies to survive. However, the processes 

used for developing new products found in the literature, such as the Stage-Gate® model, are 

often applied as a linear process while it should have overlapping activities and iterations 

(Cooper, 2008). In addition to the linear application, at the start of an NPD project the 

uncertainties are high and stakeholders are not always integrated, while studies show that 

integration increases the performance of an NPD project (Talke & Hultink, 2010). To 

accomplish a more flexible and fluid process, early prototyping can be applied. This way of 

working, namely using prototypes from the start of an NPD process, is already used in many 

companies. However, there has been little research done into the possible effects of early 

prototyping. Therefore, the current study addresses the following research question: 

What are the effects of using early prototypes in new product development? 

This question is answered by using desk research to explore academic literature to define 

prototyping, presenting different types of prototyping methods and discovering known effects 

of (early) prototyping. Hereafter, a field research is performed using semi-structured interviews. 

Twelve interviews within six companies were held, using a template approach to get a 

schematic overview of the results. Overall, the results of this research contribute to the literature 

by giving a systematic overview of possible effects of early prototyping, and by providing 

informative guidelines for companies on why to implement early prototyping.   

The results of this study show seven main effects of early prototyping, of which six were found 

in the literature. The effects of (early) prototyping found in literature are (1) communication, 

(2) information, (3) time and cost, (4) performance and validation, (5) exploration and (6) 

innovation adoption. A new effect was added based on the results of the field research, namely 

human aspects. This effect contains the motivation of employees and test persons, and the 

implementation of early prototyping which requires change management. A summarized 

overview of the effects and aspects is given in Figure 1. 



ii 

 

Early 

Prototyping

Communication

Information

Performance & 

Validation

Exploration

Innovation 

Adoption

Time & Cost

Human 

Aspects

Involvement

Visualization

Understanding

Decision Making

Generating Information

Time

Cost

Quality

Validating Assumptions

Flaw Detection

Direction

Testing

Alternatives

Fixation

= Confirmed

= Expanded

= New

 
Figure 1 Summary Effects 

Several additional findings were encountered which are further defined in the theoretical and 

managerial implications. The theoretical contribution of this study is that it provides a 

systematic overview of effects of early prototyping. So far, these effects were scattered across 

different studies. In addition, this study highlights the difference in effects when using either 

low- or high-fidelity prototypes, and discusses the possible considerations of applying different 

types of prototypes in different stages of the NPD process. The newly found effect, human 

aspects, focusses on change management when implementing early prototyping. The practical 

contributions of this study are that it provides insights into the trade-off between benefits and 

risks of applying early prototypes, in what form to apply early prototyping and in which stage 

of the NPD process to use early prototyping.   
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1. Introduction 
Developing new products is critical for companies to survive and gain competitive advantage 

in current fast evolving markets (Müller-Stewens & Möller, 2017). From early on, research 

showed that innovation contributes to economic growth (Solow, 1957), which has led to 

extensive research in innovation and new product development processes over the past decades 

(Rothwell, 1994). Cooper (1983) developed a structured process for new product development. 

However, due to failures of innovation and changes in needs from businesses and customers, 

this process has evolved over time (Barczak, Griffin, & Kahn, 2009; Rothwell, 1994). The main 

stages are similar to Cooper (1983), namely discovery, scoping, business case, development, 

testing & validation and launch, and every stage ends with a gate-decision to stop, continue or 

hold the project (Cooper, 2008). Companies struggle with the application of the Stage-Gate® 

model, because they use it as a linear system, as they follow the stages and activities in a 

sequence, while there should be multiple iterations between and within a stage (Cooper, 2008). 

The Stage-Gate process is not designed as a linear model, but as a flexible and fluid process 

(Cooper, 1994). This can be accomplished by allowing stages and activities to overlap and 

integrating stakeholders throughout the entire process (Rothwell, 1994). There are multiple 

variations of the Cooper process that allow overlapping and include integration of stakeholders, 

such as Concurrent Environment New Product Development (Haque, Pawar, & Barson, 2000), 

Scrum (Schwaber, 1997) and Spiral Development (Boehm & Hansen, 2000). In addition to 

misinterpretation of the Stage-Gate process as a linear model, the early stages of the New 

Product Development (NPD) process, the idea generation and concept development, is 

researched due to high failure rates and uncertainties (Adams, 2004; Reid & De Brentani, 2004; 

Sperry & Jetter, 2009). A possible improvement for integrating stakeholders and flexibility, and 

decreasing uncertainty in the NPD process, could be the application of Spiral 

Development(SD). SD is linked to the business case- and development stage (Cooper, 2008), 

and is mostly used for software development. It is a risk-driven process, where multiple 

prototypes are built to reduce flaws in the design and gather information for further 

development (Boehm & Hansen, 2000). However, this methodology could also be used in 

product development in other areas than software development, as prototyping has become 

more time- and cost efficient due to new technological innovations, such as Rapid Prototyping 

(RP) techniques (Onuh & Yusuf, 1999). Prototypes are a way of testing, which traditionally is 

used in the testing phase. Literature on possible effects of prototyping early on in tangible NPD 

processes is lacking, due to the focus on software development. 

As a result of the previous paragraph, prototyping could be performed earlier than in the official 

testing phase, which is traditionally after development in the NPD process (George & Williams, 

2003; Veryzer, 1998a). Currently, this is also considered by companies and innovation blogs, 

that show errors which are detected in the test phase often originate from earlier phases, and 

that early prototyping could prevent development defects (Morris, 2015). It could also decrease 

uncertainty in the early stages and generate more valid information about the overall concept 

(O'Reilly, 2016; Schneider, 2006). The saying “a picture says more than a thousand words” is 
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representing this early prototyping, because an early prototype could show an idea better than 

a report, help employees and investors understand a certain innovation more clearly, and as 

mentioned in different sources, could also increase the speed of the NPD process (Cerejo, 2010; 

van Leeuwen, 2014).  

In the focal company in this research, early testing is one of the subjects of a program in the 

innovation department named “from talking to testing”. The goal is to reduce the amount of on-

paper development work and transform this into a more visible working method, namely 

prototyping. This also contributes to the acceptance of an innovation within the company. Due 

to time constraints of this research, only prototype testing will be taken into account. The focal 

company is a government organization specialized in railroad infrastructure. The company is 

the only provider of railroads in The Netherlands, and therefore has a monopoly position. 

Additionally, the company does not produce their own products, but collaborates with other 

companies. Due to government regulations, some collaborations that includes a 

product/innovation must be done using a public tender.  

1.1 Research question 

Although companies are experimenting on the subject that early prototyping could decrease 

certain problems in the NPD process, such as time and uncertainty, academic literature does not 

yet support this vision as early testing is only mentioned as a testing instrument for developing 

a product (Veryzer, 1998a). Additionally, the focal company integrated the need for early 

testing in its year plan, but lacks the argumentation to use it. Therefore, this research addresses 

the question:  

What are the effects of using early prototypes in new product development? 

To research these effects, the following sub-questions will be answered using academic 

literature: 

• How is prototyping defined? 

• What are the different types of prototyping? 

• What are the known effects of (early) prototyping? 

1.2 Relevance 

There are different types of NPD processes which use multiple iterations and prototyping, such 

as Scrum and Spiral Development. Both are focused on software development (Boehm & 

Hansen, 2000; Schwaber, 1997). However, due to new technologies such as Rapid Prototyping, 

these development processes could also be applied at other NPD processes, such as hardware 

development (Onuh & Yusuf, 1999). Research on possible effects of applying early prototyping 

to these other NPD processes is lacking. This research will contribute to the academic literature 

as it explores possible effects that could originate from early prototyping. 
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Furthermore, this study will help companies get a better understanding of their own experiments 

with early prototyping in the NPD process (Cerejo, 2010; van Leeuwen, 2014). Literature 

already supports early testing as a development tool (Veryzer, 1998a), but companies also use 

early testing to speed up their NPD process and detect defects early on in the NPD process 

(Morris, 2015; O'Reilly, 2016; Schneider, 2006). However, their experiments and outcomes 

have not yet been supported by academic literature. By developing an overview of possible 

effects of early prototyping, companies can get a better understanding of the impact of early 

prototyping and possibly find arguments to change their NPD process.  

1.3 Methodology  
An exploratory study will be performed to research the relationships between early testing and 

its consequences, as described by Yin (2003). To perform this research, possible known effects 

in academic literature will be defined using desk research. In addition, field research will be 

performed gathering qualitative data using semi-structured interviews. Participants will be 

stakeholders of innovation processes at the case company and other companies, to get a general 

understanding of possible effects (Creswell, 2013).  

1.4 Structure 
In the next chapter, a literature review is performed to answer the above-mentioned sub-

questions. In the third chapter, the methodology of performing the field research will be 

explained. In the fourth chapter, the results are presented, and the fifth chapter discusses these 

results and elaborates on the implications. The sixth chapter contains of a conclusion and 

limitations with possible further research directions (Figure 2).  

Chapter 1

Gap in literature

Chapter 2 

Literature 

Review

Chapter 3 

Methodology

Chapter 4 

Results

Chapter 5

Discussion 

Chapter 6

Conclusion
 

Figure 2 Structure Report 
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2. Literature Review 
In this chapter, academic literature will be reviewed. This literature review will provide an 

exploration of potential factors that should be taken into account in this study. First, an overview 

is given of a process related to early prototyping. Second, the testing phase is defined to get an 

understanding of the objectives of testing. Third, different categorizations of prototyping are 

given with an overview of prototypes. The final part describes possible effects originating from 

early prototyping. 

2.1 Spiral Development 

Different software development processes apply prototyping before the testing phase (Boehm 

& Hansen, 2000; Schwaber, 1997). However, there is little known about application of early 

prototyping in other development processes. Spiral Development (SD) describes a process with 

multiple iterations, using prototyping to generate more information and introduces a higher-

level prototype each iteration (Schwaber, 1997). In comparison with the regular NPD process, 

SD could be applied on the stages where a business case is build and a product is developed, as 

shown in Figure 3 (Cooper, 2008). 

 

Figure 3 Test & Learn spirals (Cooper, 2008)  

Every cycle produces another prototype, which is relatively easy for software developments in 

comparison to industrial developments. A solution for industrial development could be Rapid 

Prototyping (RP), which enables companies to produce high fidelity prototypes in a short time 

with relatively low-cost due to layer-for-layer production (Onuh & Yusuf, 1999). Rudd & 

Isensee (1996) state that Rapid Prototyping (RP) could solve 80% of the customer-interface 

problems. It is a fast and relatively cheap way to create a physical communication tool and to 

represent a complex system (Grimm, 2004). Therefore, it is possible to apply Spiral 

Development to industrial new product development with the use of RP. Every cycle results in 

feedback, which could be used in development, but could also lead to other effects (Cooper, 

2008). To discover possible effects of early prototyping, the objectives of the testing phase, 

where prototyping traditionally took place, will be defined.  
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2.2 Testing phase 

Traditionally, prototyping was used in the testing phase of the Stage-Gate model (Cooper, 

1983). After next generations of the Stage-Gate model, prototyping was linked to the 

development phase (Veryzer, 1998a), as shown Figure 3. However, prototyping could also be 

performed before the development stage, but this possibility is not researched yet. To define 

prototyping, it is important to understand the definition originating from the testing phase. In 

the literature, there are different descriptions of objectives from the testing phase, which all 

conclude the same, namely validation of a design and its features (Cooper, 1983; Cooper & 

Kleinschmidt, 1986; McGregor, 2007). A further distinction of testing can be made between in-

house testing and customer testing (Cooper, 1975). In-house testing is performed to discover 

technical defects in a controlled environment (Cooper, 1983). Cooper & Kleinschmidt (1986) 

discovered that in-house testing was the most well performed and most frequent step in the 

NPD process.  

Dolan & Matthews (1993) discuss two categories of customer/concept testing, namely alpha 

and beta testing. Alpha testing is a simulation of customer responses, where the product is tested 

in a controlled environment with different scenarios, and thus is similar to in-house testing 

(Cooper, 1983). This could help built the specifications for the product (Veryzer, 1998b). 

Compared to Alpha testing, Beta testing uses prototypes in real-life situations with actual 

customers. Beta testing is recommended when having a complex and heterogeneous product 

which is not yet fully understood. This is because simulation of customer scenarios cannot be 

made upfront for more radical innovations (Veryzer, 1998a).  

It can be concluded that within the testing phase, a difference is made between testing in a 

controlled environment, and testing in an uncontrolled environment. To further develop a 

literature base for this research, prototyping needs to be defined.  

2.3 Prototyping 

This study focusses on using prototypes before the testing phase in an NPD process. Prototyping 

is a testing method which is traditionally used in the testing phase to validate a concept or 

present a product, as mentioned in the previous paragraph. Due to the broadness of this research, 

a general definition of a prototype is used to cover all aspects, namely “An approximation of a 

product (or system) or its components in some form for a definite purpose in its 

implementation” (Chua, Leong, & Lim, 2010, p. 2). Within this definition, there are three 

factors that should be taken into account. First, the completeness of the product, which entails 

the choice of making a component or the entire product as a prototype. Secondly, the form of 

the prototype, and the third factor is the fidelity of the product (Chua, Leong, & Lim, 2010). 

The first factor is case-specific as an innovation project could be about a part of a system, or a 

stand-alone object, and will be left out in this research. There are different forms of prototypes 

(Dai & Goebel, 1994), going from virtual to physical prototypes (Liao, Liao, & Hutchinson, 

2009). As this research includes different companies, and thus different needs in forms, both 

digital and tangible prototypes will be included. The fidelity of the prototypes is the number of 
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dimensions incorporated in the product, which evolves over time in an NPD process (De Sá, 

Carriço, Duarte, & Reis, 2008).  

There are different categorizations of types of prototypes. From a design perspective, 

prototyping is done to make a bridge between internal mental activities and external realization 

(Lim, Stolterman, & Tenenberg, 2008). A difference is made between filter dimensions, which 

are appearance, data functionality and spatial structure, and manifestation dimensions, which 

focus on material, resolution and scope (Lim, Stolterman, & Tenenberg, 2008). Another 

categorization for types of prototypes is made between the function of prototypes. The function 

can be purpose of the product, experience, implementation (physical) and integration in a 

system (Houde & Hill, 1997). Due to the general view of this research, a general distinction 

between low- and high-fidelity prototypes is made. Among other things, low-fidelity 

prototyping is used for the search of a design space, enabling of visualization and to provoke 

innovation (Virzi, Sokolov, & Karis, 1996). Because low-fidelity prototypes do not enhance 

the entire product, it is limited in functionalities and interaction (Rudd & Isensee, 1996). High-

fidelity prototypes give a more accurate representation as it is a fully interactive prototype 

(Rudd & Isensee, 1996). Both low- and high-fidelity prototypes have different properties, which 

are summarized in Table 1. 

 Type Definition Literature 

Low fidelity 

 

 

 

 

 

 

 

 

 

 

 

 

High fidelity 

Mock-up Low-fidelity representation of a concept 

with limited functioning 

(Rudd & Isensee, 

1996) 

3D Paper 

Prototype 

Using automatic or manual paper 

prototypes to test usability and interface 

(Säde , Nieminen, & 

Riihiaho, 1998) 

Cooperative 

Storyboard 

A way to reach consensus using tangible 

concept 

(Madsen & Aiken, 

1993) 

Video 

Prototyping 

To envision future use of a concept in 

possible scenarios 

(Halskov & Nielsen, 

2006) 

Virtual 

Prototyping 

A virtual representation of product which 

can be presented, tested and analyzed 

(Wang, 2002) 

Fully 

Interactive 

Prototyping 

Rapid prototyping techniques can make 

physical products out of 3D digital 

drawings using layer-for-layer 

technologies 

(Onuh & Yusuf, 

1999) 

Table 1 High- and Low-fidelity Prototypes 

There are some key differences between virtual and physical prototypes. Virtual testing 

scenarios are predefined and testing is done in a controlled environment (Dolan & Matthews, 

1993).  This could have adverse effects as the results are based on assumptions drawn from 

existing knowledge (Chua, Leong, & Lim, 2010). Secondly, a physical prototype allows 

humans to experience and touch the product. Virtual reality adds the environment component 

to the product, but as mentioned before, these environments are predefined and therefore 

unforeseen events are not included (Wang, 2002). Nevertheless, virtual prototypes are less 

costly and easily repeatable when changes need to be made, in comparison to tangible 
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prototypes (Liao, Liao, & Hutchinson, 2009). In addition to the cost effectiveness and ease of 

change, virtual prototypes are often used when the product is too large or too complex, such as 

an airplane wing (Chua, Leong, & Lim, 2010). 

Overall, there are several categorizations for prototypes. In this study, the difference of low- 

and high-fidelity prototypes will be taken into account and the use of controlled or uncontrolled 

simulation. An overview with examples is given in Table 2. 

 High-Fidelity Low-Fidelity 

Controlled Environment Virtual Reality Storyboard meeting with 

project team 

Uncontrolled Environment Fully interactive prototype Human steered mock-up 

Table 2 Examples Categorization Prototypes 

2.4 Effects 

Changing the innovation process and using early prototypes in the NPD process could lead to 

different effects. To explore possible effects of early prototyping, a distinction is made between 

internal and external effects (Tatikonda & Montoya-Weiss, 2001). Further categorization of the 

internal dimension is made by Cankurtaran, Langerak, & Griffin (2013), which divides it into 

process and product factors. Through explorative search of literature, possible effects are 

divided over the different categories, as shown in Figure 4. 

Operational 

Outcomes

External 

Outcomes

Early Prototyping

Process

Product

 

Figure 4 Categorization Effects 

In the following section, the different aspect will be explained and defined. 

2.4.1 Process  

Process factors emphasize on development costs and market entry time (Cankurtaran, 

Langerak, & Griffin, 2013). Therefore, effects that influence time and cost are included in this 

category, but also process factors as communication and information. 

2.4.1.1 Communication 

Prototypes can be used as a physical communication tool (Grimm, 2004). Documents are open 

to personal interpretation by different team-members, whereas a prototype is a visual 

representation leaving little room for miscommunication (Gordon & Bieman, 1995). Early 

prototyping could also bring better understanding of complex systems to team-members, as the 
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different parts could be visualized better (Reilly, Dearman, Welsman-Dinelle, & Inkpen, 2005; 

Veryzer, 1998b). Additionally, it is also a verification method of what is expected (Onuh & 

Yusuf, 1999). 

As management support is critical to innovation success, it is important to integrate senior 

management within the NPD project (Rothwell, 1994). This is needed to get tangible 

commitment translated in resources (Mullins & Sutherland, 1998). As mentioned in the 

previous section, early prototyping can also be used as a communication tool (Grimm, 2004). 

This is also important towards senior management, to let them understand the advantages and 

convince them of a go-decision and get the commitment as mentioned above. Additionally, the 

integration of multiple stakeholders could have a positive financial effect on NPD projects 

(Talke & Hultink, 2010). 

Therefore, prototyping can be used as a communication tool towards the development team and 

senior management, to get a better integration of stakeholders throughout the NPD process and 

get tangible commitment.  

2.4.1.2 Information  

The NPD process works as a Stage-Gate process, as explained earlier in generations of the NPD 

processes (Cooper, 1994). These stages end with a gate decision to continue, revise or hold the 

new product development project (Cooper, 1990). However, in the early stages of a 

development project, the uncertainty is higher and decreases when more information is 

available (Säde , Nieminen, & Riihiaho, 1998). Therefore, the main goal is to reduce uncertainty 

to base a gate decision on (Moenaert, De Meyer, Souder, & Deschoolmeester, 1995). It is 

important to reduce uncertainties as it could have an effect on operational outcomes of an NPD 

project (Tatikonda & Montoya-Weiss, 2001). In rapid changing environments, it can be difficult 

to define customer needs and discover market opportunities. A tool to help discover these types 

of information is early prototyping, which introduces and integrates the customer early on in 

the NPD process (Mullins & Sutherland, 1998). However, for radical innovations, involving 

the customer could be difficult due to the lack of product knowledge, where educated users 

could help solve this issue (Veryzer, 1998a). Nevertheless, it is critical to involve customers to 

make a new technology usable and detect deficiencies before the development is finished 

(Veryzer, 1998b). Early prototyping could lead to more information, and therefore result in a 

higher quality upfront analysis and possible faster design due to better requirements (Gordon 

& Bieman, 1995; Rothwell, 1994). Using early prototyping and thus have multiple iterations 

also leads to more information that helps with further development of the concept (Säde , 

Nieminen, & Riihiaho, 1998). Overall, early prototyping leads to a decrease in uncertainty by 

generating more information, which could help in further development phases and building a 

business case. 

2.4.1.3 Time & Cost 

Reducing development time is a well discussed topic, including using tests during development 

to make the process faster (Gupta & Souder, 1998). Early prototyping results in more iterations, 

as also mentioned in the Rapid Prototyping (RP) literature. Because it is possible to produce 
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rapid prototypes, it is possible to iterate faster (Kamrani & Nasr, 2010). In addition to time 

effects, cost effects could also be influenced as RP technologies reduce the cost of making high 

fidelity prototypes (Onuh & Yusuf, 1999). As mentioned before, early prototyping could lead 

to more information and thus more clarity in decision making and less costly revision at the end 

of an innovation process (Reilly, Dearman, Welsman-Dinelle, & Inkpen, 2005). 

2.4.2 Product 

Product effects focus on product performance and competitive advantage set for the 

development concept (Cankurtaran, Langerak, & Griffin, 2013). The product performance 

focusses on the achievement of goals, and therefore quality and possibility of alternative design 

are included. Competitive advantage will not be included in this research, as this study analyzes 

a general scope, and competitive advantage is industry dependent and does not match with 

government related industries.  

2.4.2.1 Performance & Validation 

Early prototyping leads to more iterations in an innovation process, which could result in better 

performance of an innovation (Schwaber, 1997). In a study of single iteration and multiple 

iterations, results show that when having multiple iterations, flaws were detected earlier and 

more concepts were tried, whereas single iteration processes only guesses that a concept works 

and is revised ones (Dow & Klemmer, 2011). Thus, using prototyping can help detecting design 

flaws (Virzi, Sokolov, & Karis, 1996), as the testing phase should eventually result in no 

technical flaws (Cooper, 1983). So, when testing is done earlier and have more iterations, 

possible design flaws get detected faster (Säde , Nieminen, & Riihiaho, 1998). As mentioned 

before, late revisions in the process are costly due to the completion of the development (Reilly, 

Dearman, Welsman-Dinelle, & Inkpen, 2005).  

It is important that the quality of a concept is tested, and determine if goals are met. Rapid 

Prototyping could help set early requirements so goals are known and incorporated in the design 

(Rudd & Isensee, 1996). Additionally, early prototyping is used to validate the design and 

features, and confirming the quality (Cooper, 1983; Kamrani & Nasr, 2010). As mentioned 

before, early prototyping leads to more iterations, which could lead to better quality under time 

constraints (Dow & Klemmer, 2011).  

Overall, early prototyping can validate designs early on in the process, making sure the 

development still has potential. Additionally, flaws of a design can be detected sooner and 

therefore, late revisions could be prevented.  

2.4.2.2 Exploration 

Early prototyping can also help designing and choosing alternatives. Early prototyping can 

enhance exploration in the early stages and decrease design fixation (Dow, et al., 2012; 

Youmans, 2011). Another form of prototyping is parallel prototyping, where different concepts 

are made into prototypes simultaneously. By testing different prototypes, creativity can be 

increased and could lead to better quality (Dow, et al., 2012). Additionally, prototyping can also 

boost innovation within an organization (Brown, 2009). 
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2.4.3 External outcomes 

External outcomes are customer-based and financial-based (Cankurtaran, Langerak, & Griffin, 

2013). However, financial outcomes are not included in this research. Therefore, this section 

will only look at customer-based effects, namely innovation adoption. 

2.4.3.1 Innovation adoption 

Innovation adoption depends on different factors, such as environmental factors and 

organizational factors (Damanpour & Schneider, 2009). However, innovation characteristics 

such as cost, complexity and benefits could also affect the adoption within a firm (Damanpour 

& Schneider, 2009). Focusing on early prototyping, innovation adoption could be increased by 

the ability to try a product, observability and divisibility, which are all possibilities when having 

a prototype (Tornatzky & Klein, 1982). Another effect that could help with adopting an 

innovation is a multiple sequence process, and thus having more iterations (Gopalakrishnan & 

Damanpour, 1994). A key factor to this is the integration of customers early in the NPD process 

(Veryzer, 1998a). It is critical to get customer feedback and incorporate them in the design, as 

a prototype could be used for a usability test (Gordon & Bieman, 1995), and thus see how the 

customer reacts and if they will accept new features (Veryzer, 1998b).  

2.5 Conceptual Model 

The above described effects can be integrated in the categorization made in the beginning of 

paragraph 2.4, Figure 4. This gives an overview on the information available about possible 

effects of early prototyping (Figure 5). 
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Figure 5 Conceptual Model 
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2.6 Conclusion  

This chapter explored the academic literature to find possible effects of early prototyping. As 

shown in Figure 5, there are six effects found in literature. The conceptual model will be the 

guideline of the field research to confirm or expand the effects found in the literature. The 

methodology used to perform the field research will be explained in the next chapter.  
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3. Methodology 
In the previous chapter a conceptual model is developed. To study this model, empirical 

research needs to be executed to get a confirmation or adjustment of the conceptual model. In 

this chapter, the methodology of performing this research is explained, the type of research 

design is determined, and the instrument of data collection and analyses is defined. 

3.1 Research Design 

As mentioned in the first chapter, this research explores possible effects of early prototyping. 

Exploratory studies can be performed using quantitative or qualitative research methods. 

Quantitative research measures and quantifies phenomena, whereas qualitative research 

discovers certain characteristics of phenomena (van Aken, Berends, & Van der Bij, 2012). 

During the desk research, certain effects were discovered that need to be verified, but there are 

also effects that might not be known in the literature. Additionally, innovation is a difficult 

subject to compare, as every innovation is different. Therefore, flexibility of questioning is 

required, which is possible when using a qualitative research method. 

3.2 Data Collection 

This research is performed for a railroad infrastructure company of the Netherlands. As they 

carry the responsibility for the railroads and stations, innovation can differ from small signs on 

stations to new traffic control systems in railroads. Due to the difference in projects, a general 

view is needed on the possible effects of prototyping. This is done using semi-structured 

interviews within the focal company and other companies. There are no restrictions in type of 

NPD processes or working methods, as a general view is build using this research.  

3.2.1 Semi-Structured Interviews 

Semi-structured interviews are used to ask standardized questions and if needed, add or modify 

towards the situation of the respondent (Longhurst, 2003). The structured part of the interview 

originates from the conceptual model which ensures that relevant areas are discussed during the 

interview. The open part of the interview could lead to high-value information from 

participants, as they could add more and different effects than the ones found in literature (King, 

Cassel, & Symon, 1994). Additionally, semi-structured interviews are used as it is uncertain 

how much information the respondent knows, which is applicable in this research due to the 

different companies that are taken into account (King, Cassel, & Symon, 1994). After the 

interviews are conducted and results are known, a follow-up interview is done within the focal 

company to determine the most important findings for managerial implications.  

To perform the interviews, a protocol is set up to make sure all the information needed for this 

research is collected (Jacob & Furgerson, 2012). This protocol includes instructions for the 

interviewer about the introduction with the interviewee. This introduction is an explanation of 

this research, followed by an open question what the company and the person does, and how 

they perform their innovation processes. After this introduction, standardized questions will be 

asked following the conceptual model. These questions are not asked in the order as presented 
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in the protocol, but asked when appropriate during the interview. After the introduction and 

questions, the interview ends with a small summary of gathered information (Creswell, 2013). 

The interview protocol can be found in Appendix A. 

The interviewer needs to have certain skills to perform the interviews properly, such as listening 

skills, confidence in the research and knowledge about the research topic (Ritchie, Lewis, 

Nicholls, & Ormston, 2013). The interviewer has experience with interviewing due to earlier 

projects with qualitative research, has had training in interview skills and has performed the 

desk research which increases basic knowledge on the topic.  

The interviews are performed within the focal company and with other companies, as explained 

in the next paragraph. 

3.2.2 Participants  

In this research, different companies are taken into account to ensure diversity in cases and get 

a general view of the effects of early prototyping. A minimum of twelve interviews is chosen 

as saturation level, but the opinion of the interviewer when no new knowledge was found in 

following interviews is also taken into account for saturation (Guest, Bunce, & Johnson, 2006). 

There is one interview per company, with the exception of the focal company, where there are 

six interviews held to get a general understanding how they currently use early prototyping and 

if it is beneficial for them. The other companies can be categorized between a supplier of 

innovation, a customer of innovation, or both, such as the case company where innovation is 

purchased and developed. To create the context of the interview, the main specialty per 

company is named. An overview of participants is given in Table 3, with an indication what 

type of prototypes they use (H=high-fidelity, L= low-fidelity, C= controlled environment, U= 

uncontrolled environment). Short descriptions of the companies and interviewees are given in 

Appendix B. 

Company Specialty Supplier or Customer Number of 

interviews 

Prototypes 

A (A1-A6) Railroads Customer & Supplier 6 H/L/U/C 

B Governance Customer 1 L/H/U 

C Road Construction Customer 1 H/C/U 

D Design Supplier 1 H/L/U 

E Consultancy Supplier 1 H/L/U 

F Storage Customer 1 H/U/C 

G Research Customer & Supplier 1 H/L/U 

Table 3 Participants 

3.3 Method of Analysis 

The gathered data from the interviews is analyzed in a structured way using a template 

approach. A template approach allows a researcher to code qualitative data based on themes 

from theoretical concepts, but also adjust codes when new information occurs (Brooks & King, 

2012; Waring & Wainwright, 2008). This coding starts with ‘a priori’ themes originating from 
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the conceptual model (Figure 5). An extra theme is added for newly discovered information. 

After this first coding, a second coding is done within the themes to develop subcategories for 

similar statements (Waring & Wainwright, 2008). All these codes are included in a codebook. 

After this, the codes are analyzed to check if they cover all the data and to discover which are 

the dominant codes, less relevant codes, but also if separation, mergers or removal needs to be 

done (Boeije, 2010). To discover possible dominant statements or needs to merge codes, an 

overview is made of the responses per company. Multiple statements of one company meaning 

the same is counted as one. A short description of this coding method is given in Figure 18, 

Appendix C. Finally, selective coding is done making connections between categories to 

understand the result (Wahyuni, 2012). The codebook can be found in Appendix D. 

3.4 Reliability & Validity 

Even though there is an ongoing discussion on the use of reliability and validity as a measure 

of quality in qualitative research, reliability will be used as an indication if the research is done 

in the correct way and validity is used as an indication if this research is measuring the right 

things (Golafshani, 2003). Reliability is influenced by bias through researcher, instrument, 

respondent and situation (van Aken, Berends, & Van der Bij, 2012). Five different forms of 

validity can be determined, namely descriptive validity, interpretative validity, theoretical 

validity, generalizability and evaluative validity (Maxwell, 1992). The factors of reliability and 

validity, with their definitions and possible influence on this research are explained in Table 4. 

An extra measure is taken to ensure the researchers’ reliability is increased using an independent 

coder. This person will assign the codes to the statements with no knowledge of the companies. 

If there is a difference in the researchers’ coding and the independent coding, a discussion will 

be held taken the difference perspectives into account and reach consensus about a subcategory.  
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Reliability Definition Precaution  

Researcher  The bias a researcher can bring by 

knowledge and assumption 

Desk research is done to increase the 

interviewers’ knowledge, and the 

interviewer is trained in interview skills 

Instrument Interviews  Interview protocol is set up with a 

possibility to add question when new 

information becomes available from 

previous interviews. The interviews are 

recorded with the possibility to check 

afterwards 

Respondents  Participants in this research Different companies are interviewed to 

ensure diversity 

Situation Where interview takes place and 

context 

Due to the different interviews, different 

contexts of innovation are taken into 

account.  

Validity   

Descriptive 

validity 

Accuracy of the data Interviews are recorded and transcribed 

in a schematic way 

Interpretative 

validity 

All information is taken into account Non-verbal communication is not taken 

into account 

Theoretical 

validity 

How well the answers fit the literature Academic literature is searched for 

possible effects. It could be possible 

some effects are not taken into account if 

not discovered with used search terms or 

not linked to prototyping in advance 

Generalizability Internal generalizability is focused on 

specific situations, whereas external 

generalizability focusses on 

application of the theory everywhere 

Due to the differences of innovations, it 

is difficult to make the theory general, 

but including different companies and 

thus triangulate the data in this research, 

validity increases 

Evaluative 

validity 

If conclusions are drawn correctly An overview will be given of the effects 

and the number of times these are 

mentioned to give more information 

where the conclusions are built on 

Table 4 Reliability & Validity 

3.5 Conclusion 

This research will be performed using semi-structured interviews in different companies to get 

a general overview of possible effects using early prototyping. So far, literature is explored and 

a conceptual model is developed of the known effects of early prototyping. To discover possible 

different effects and confirm or dismiss effects, the above-mentioned research will be 

performed. In the next chapter, the results will be presented followed by a discussion and overall 

conclusion. 
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4. Results 
After conducting the interviews, the conceptual model is confirmed and expanded with a new 

effect. In Figure 6, an overview is given of the results from the interviews and the corresponding 

paragraphs. In addition to the model, an extra paragraph is added to include additional findings 

mentioned by the interviews that do not fit in the model. On the right side of Figure 6, a more 

detailed categorization is made of the effects of early prototyping, which will be discussed in 

this chapter.  
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Figure 6 General overview 

The statements are counted and assigned to certain codes, as explained in the previous chapter. 

An overview of how many interviews mentioned the different effects is shown in Appendix E. 

4.1 Communication 

In the literature prototypes are defined as a communication tool (Grimm, 2004), as it visualizes 

a concept instead of describing a concept on paper (Chua, Leong, & Lim, 2010). It could be 

used to get a better understanding of a concept and know what is expected (Reilly, Dearman, 

Welsman-Dinelle, & Inkpen, 2005). In addition to understanding a concept, a prototype could 

also be used as a communication tool for senior management to convince them to invest 

(Mullins & Sutherland, 1998; Rothwell, 1994). Interviews have led to three subjects within 

communication, namely involvement, visualization and understanding (Figure 7). 
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Figure 7 Communication Aspects 

4.1.1 Involvement 

Involvement reflects on the commitment of investors and the integration of stakeholders. 

Interviewees state that especially for start-ups, it is critical to convince possible investors as 

their investments are needed to continue an innovation project: “Investors find prototypes 

interesting, which leads to faster commitment/support” (G), “The more likely you can make a 

concept, the easier the choice of investing is” (C). This shows that early prototyping could help 

convince investors to invest, and also senior management to assign budget. Another benefit of 

using prototypes early in the process is the integration of stakeholders. One interviewee stated: 

“Often project teams wait with integrating operations in the project, whereas it is critical to 

involve them from the start due to implementation and maintenance information when the 

innovation is used” (G). It is a subject that was also mentioned in the new generations of NPD 

processes, as integration of stakeholders is important (Rothwell, 1994). Integrating stakeholders 

could lead to commitment: “Keeping commitment by means of co-creation” (A4). There is a 

possible risk that has to be taken into account: “Testing too early could lead to a stakeholder 

or customers not wanting the product anymore, therefore it is necessary to find an enthusiastic 

stakeholder” (A1). This is also confirmed by another interviewee who had experienced this in 

a project (A5). 

4.1.2 Visualization 

The second subject is visualization and possible reasons why visualization could help. For 

example, it can be easier to explain a concept using a visualization when it requires expertise 

to understand it (A1, A3, E). “If it is not possible to explain something clearly, it is difficult to 

get commitment. Therefore, it is necessary to show the concept” (A3). This statement shows 

that visualization is needed to get understanding, which is explained in the next paragraph. One 

of the interviewees used the statement: “Seeing is Believing” (F), which is a good 

representation of this subject. Visualization of a concept is good for communication, but also 

to present a business case to stakeholders(E). It could also be used for Public Relations (PR) 

purposes or to create external awareness of an innovation (C). There is a risk attached to the 

early visualization of a concept: “Going into the market with a low-fidelity prototype could lead 

to branding damage, but this could be resolved using a fake name/company to present a 

concept” (E). This is a risk that has to be taken into consideration when doing an NPD project.    
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4.1.3 Understanding 

As mentioned above, prototyping can be used to explain a concept, and thus to make the 

customer or stakeholder understand the concept or solution. It is also stated that: 

“Understanding a solution leads to a better test” (B), which contributes eventually to the 

validation. A new statement that was not found in literature, is: “People always think that their 

own problem is always different than others, so when you can show with a prototype that it 

solves their problem, they will use it sooner” (F), which refers to the adoption of an innovation.  

Overall, the interviews confirm the literature on communication, where early prototyping is 

used to let the customer/stakeholder understand a concept and convince them to invest. In 

addition to literature, this research adds that a prototype is not just an internal communication 

method, but also a tool to create external awareness. However, it should be taken into account 

that using low-fidelity prototypes early on could lead to branding damage. Another possible 

risk is added to communication, when integrating stakeholders, it has to be taken into account 

that early prototypes could decrease commitment of stakeholders which leads to possible 

abandonment of the project. A new aspect in communication is added, namely it is a way to 

convince the customer through communication with a prototype, as it can show that their 

problem is solved, instead of making promises without prove. 

4.2 Information 

As described in the literature review, using early prototypes could generate better information, 

and thus lead to less uncertainty (Säde , Nieminen, & Riihiaho, 1998). This information could 

also identify the needs and wishes of customers (Mullins & Sutherland, 1998). Interviewees 

were asked about the creation of information through early prototyping, which led to two 

subjects, namely decision making and generating information (Figure 8).  

Information Feedback

Clear Needs & Wishes

Stop/Continue Development

Faster DecisionsDecision Making

Generating Information

 

Figure 8 Information Aspects 

4.2.1 Decision Making 

A dominant statement from interviewees (mentioned in five interviews) was that early 

prototyping results in reliable information which leads to a, as the interviewee called it, “data-

driven” (E) decision instead of a decision based on assumptions. This is also in line with 

literature, where an increase of information leads to a decrease of uncertainty and thus 

influences decision making (Moenaert, De Meyer, Souder, & Deschoolmeester, 1995). One 

interviewee also stated: “It (early prototyping) helps to make faster decisions” (G), which links 

early prototyping to information- and time effects. This could be a logical conclusion, because 

when more information is available, the decision is less of a guess. An additional comment that 

has to be taken into account is: “The environment of the innovation project changes over time, 
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so it is important to document where design choices are based on” (P3). This is critical in an 

innovation process, as it could take multiple years until a product is finished and the 

environment where certain choices are based on, could have been changed in time. A risk 

mentioned by one of the interviewees is: “People generalize the test results, while it is not an 

end-test, but a test to gather information and to further develop the concept” (A3). This is also 

mentioned by other interviewees: “It is easy to kill a project because of an early prototype, but 

it is essential to adjust the prototype and keep developing” (G). This risk of generalizing early 

test results into a no-go decision, is an important aspect that has to be taken into consideration. 

A possible way to decrease the risk of generalization of early test result, is using the reliable 

information to set early requirements for a project to base the decision on. However, this cannot 

be concluded from this research.  

4.2.2 Generating Information 

Multiple iterations, and thus early and rapid prototyping, could generate information that can 

be used during the development of a concept (Säde , Nieminen, & Riihiaho, 1998). This is also 

a conclusion drawn from the interviews, where eleven out of twelve interviews confirm that 

early prototyping generates information. This is not only beneficial for the designer, but as 

stated by one of the interviewees: “There is a lot of feedback between client and designer, and 

therefore, mutual knowledge is developed for both clients to know what they want and designer 

to know what to do” (A1). A part of this knowledge are the wishes and needs of the customer: 

“The wishes of the end-users are clearer because they understand the concept better” (A2). 

This could also contribute to getting better specifications because the information leads to 

knowing what you really need. Another benefit of more information is that it can boost 

innovation, as more knowledge is available and expertise of this concept is acquired in the 

company, which could lead to other solutions (C). This is linked to exploration, as explained 

later on in this chapter.  

An added aspect is the difference in feedback from the fidelities of prototypes. The design 

company explained that a choice is made in the fidelity of the prototype when going to a client, 

as: “High-fidelity (aesthetic) prototypes generates different feedback than low-fidelity 

(functionality) prototypes” (D).  This leads to an important choice that has to be made when 

using early prototyping, and think about the type of information you want to get from a 

prototype test (D). High-fidelity prototypes look sometimes similar to finished products, and 

people will give feedback on aesthetics, whereas low fidelity prototypes get feedback about 

added features or the functionality of the product. One interviewee gives a good overview: “If 

the prototype is too “beautiful”, people are going to put on the finishing touch, but a prototype 

with too low fidelity could be killed to soon” (A2). Therefore, a project team should take the 

choice of fidelity into consideration before showing a prototype to customers/stakeholders. 

4.3 Time & Cost 

Measuring time in innovation processes is difficult, but could be taken into account when 

looking at the speed of an NPD process. Cost are taken into account as possible savings which 

can be accomplished when applying early prototypes (Figure 9).   
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Figure 9 Time & Cost Aspects 

4.3.1 Time 

Interviewees believe the process is sped-up using prototypes, because the work that is 

performed at the end, is brought to the front side of the NPD process (A2). Therefore, it will 

take more time in the beginning, but this will be leveled out or even shorten the time in the end 

of an NPD process (A2). Data from the interviews indicate that, among other things, speed can 

be increased due to faster choices, parallel working and skipping step. Choices can be made 

faster because there is more information available (A3, D, G). In addition to the choices, 

prototyping can increase the ability to perform tasks in parallel, which also speeds up the 

process (A4). Another aspect which is mentioned is the possibility to skip certain steps, namely: 

“In the end it is quicker, because you can skip tasks due the exchange in knowledge which you 

do not have to research yourself” (A1). Other aspects were also mentioned to speed up the 

process, such as less detailed prototypes, using simulations to acquire all scenarios in a short 

time test, and speeds up the process to get compliance with a public tender. There are some 

points of attention mentioned during the interviews: “You have to make a decision what you 

are going to test, functionality or also the aesthetics of a concept, because a functionality test 

will take less time and gives the same answers as the test of functionality and aesthetics (if you 

only need functionality information), while aesthetics might not be an issue in the beginning of 

development” (D). This is also in line with the previous mentioned amount of fidelity and type 

of feedback that it generates. Other aspects that have to be taken into account are: “It is not 

faster per se, from the perspective of the big picture, early prototyping saves time and money, 

but if you need a quick solution, early prototyping might not be the best method to choose” (F), 

and “People perform a pilot for six months and gather data, while it is more effective to make 

little changes every two weeks which gives quick results” (G). A tip was also suggested, namely 

that prototyping should happen in a small team with less bureaucratic rules to keep the speed 

(G). So, early prototyping could increase the speed of a project when suited for the type of 

innovation, especially due to fast decision making, but the goal of prototype testing needs to be 

taken into account (What do you need to know?) and fast iterations needs to take place. 

4.3.2 Cost 

In the literature review, costs were aimed at prototyping cost and less costly revision in the end. 

The less costly revisions are confirmed due to the constant validation. However, during the 

interviews it became clear that the cost and time of prototyping is decreased to a level where it 

should not be an obstacle anymore to prototype. Instead, it was mentioned that prototyping 

early is cheaper than using a standardized process where a prototype is build and tested after 

development: “Rapid Prototyping is relatively cheap versus people that sit around a table and 

discuss for a long time” (D), “Faster conclusions in the long term is a cost reduction. 

Companies associate prototyping with high cost, while it is more expensive to have a meeting 
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with five people. Making rapports and brainstorming is more expensive than material and costs 

3D printing” (D). More of these statements were made, showing a misconception of 

prototyping and how inexpensive it is, as the traditional way was sitting behind a desk or having 

brainstorm meetings, which cost a lot more in labor hours. Another reason why there are less 

costs involved in early prototyping is because bad projects can be stopped quickly (G): “Due 

to small steps in the process and multiple iterations, small investments can be made instead of 

a one-time big investment” (E). It should be taken into account that early prototyping does cost 

more in the beginning, but it will pay-off in the end, because non-potential projects can be 

stopped quickly and only small investments are made in the beginning (G). Although 

prototyping, even for high-fidelity prototypes, is relatively cheap, it has to be taken into account 

what the goal of the test is. One interviewee gave an example where a high-fidelity prototype 

was produced and tested, where the functionality did not achieve what was set at the beginning. 

They could have gotten a low-fidelity prototype and only test the functionality, instead of both 

functionality and aesthetics. Therefore, a choice has to be made in fidelity to match the purpose 

of the test.  

4.4 Performance & Validation 

The validation and performance categorization is an important section, as this is traditionally 

done in the testing phase (Cooper, 1983; Cooper & Kleinschmidt, 1986; McGregor, 2007). To 

get a good overview, this category is divided in more detailed subcategories, namely quality, 

validating assumptions, detecting design flaws, determining direction of the development and 

the testing itself, namely does the concept work, as shown in Figure 10. 
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Figure 10 Performance & Validation Aspects 

4.4.1 Quality  

The interviewees were asked if they thought the quality, translated in the performance of a 

product after development, was higher when using early prototyping in the NPD process. There 

were different opinions, such as: “The quality for the end-user is better” (A1), “There is no 

difference in quality, but implementation is easier” (F), “Quality is better due to the number of 

iterations, because you try something ten times instead of just one time in the end” (F). This 

last statement is in line with literature, which states that multiple iterations leads to better flaw 

detection and thus better performance (Dow & Klemmer, 2011). One interviewee also stated 

that: “It is difficult to estimate if the quality is better because it is difficult to compare” (B), and 

other interviewees could not answer this question due to the same reason or lack of experience 
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with different methodologies of development. Overall, the answers did not indicate that the 

quality went down, but that it will stay the same or increase. This increase came from testing in 

the real world (G), or through co-creation (A1, B). However, one interview stated: “In the end 

there is more quality, but using co-creation leads to performing some steps the designer does 

not find necessary, but is needed to convince the customer” (A1). Additionally, an interviewee 

gave a good overall conclusion with a cause of the better-quality effect: “Testing on paper leads 

to conclusions based on assumptions, which often does not correspond with reality, in 

comparison to testing with prototypes” (D).  

4.4.2 Validating Assumptions 

As mentioned shortly in the previous section, testing on paper could lead to conclusions that 

are based on assumptions: “Assumption are often used to kill projects, instead of just trying the 

assumptions by using prototyping” (D). This testing of assumptions is also mentioned in 

another interview, where it is used to make choices what works and what does not work (E). 

Concepts/Assumptions that are too big or too large to validate through prototyping, could be 

validated through experts(E). So instead of using assumptions to stop projects, test the 

assumptions to win more information, as some concepts on paper look very promising, but in 

the real world do not work(A6). By testing assumptions, the exploration of ideas is also 

increased as two to three solutions are explored for a problem (G).  

4.4.3 Flaw Detection 

An obvious effect drawn from literature was faster flaw detection in an NPD process. This is 

also mentioned in different interviews (A1, A2, A4, B, E, G). An important benefit of early 

prototyping on flaw detection is: “If you go to the customer after you have developed an entire 

product, the adjustments you have to make is a waste of time if you could have gotten that 

information sooner. Testing sooner with the customer generates early feedback” (A1). An 

interviewee warns that even though early prototyping helps detecting flaws, caution has to be 

taken into account to maintain a platform of support to continue the development when a 

concept has flaws (A4): “If a concept fails the first time, you could lose support, while if the 

development is continued, a good product could come out of it” (A5). 

4.4.4 Direction 

This aspect is added as it was often mentioned that early prototyping helps determining the 

direction that the innovation/development has to go (A1, A2, G). Using early prototypes, the 

end-users’ wishes are taken into account (A2), and a fast confirmation can be given if the NPD 

project is going in the right direction (A1). Additionally, early prototyping could also help stop 

non-potential projects (A2). However, as mentioned in the decision-making paragraph (4.2.1), 

there should be a way to determine when a project should be stopped, which is normally done 

in a gate decision based on uncertain information and assumptions. With early test results, the 

decision to stop sometimes happens too easy when there is still potential for the NPD project, 

or continued when there is no potential: “Determine the direction of a project, don’t kill the 

project but keep developing with small adjustments” (G).  
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4.4.5 Testing 

Early prototyping is a form of testing to discover if concepts work, to validate a design, or to 

check if the concept meets the requirements set at the beginning (mentioned in eight out of 

twelve interviews). “It is a tool to constantly validate a concept” (B) is one of the statements, 

but it is also important to test if a concept works in a complex system (A5). Especially in 

businesses where implementation requires 100% safety, confirmation of a working concept 

helps the development and possible end-testing in an uncontrolled environment (A4). As 

mentioned before, another interviewee also state: “It is better to test with a customer early, then 

after you develop a prototype that does not work at the end of a development process” (G). 

Overall, it is important to test if an idea/concept or assumption even works, and validate what 

is working and what is missing (E). 

4.5 Exploration 

This category focusses on possible exploration or fixation in an NPD process when using early 

prototyping (Figure 11). Exploration could happen using different alternatives, and thus 

applying parallel prototyping (Dow, et al., 2012). Fixation leads to a focus on one concept and 

therefore holding on to a project which might not be the optimal solution (Youmans, 2011).  

Exploration
Alternatives

Fixation
 

Figure 11 Exploration Aspects 

4.5.1 Alternatives 

Comparing alternatives is equal to prototyping ideas/assumption to gather information where a 

decision could be based on. “First have divergence in ideas and apply parallel prototyping” 

(E) is a method to explore the design space, which is also mentioned by other interviewees: “A 

fast proof-of-concept, more alternatives and try more ideas” (F), “Compare alternatives using 

multiple prototypes” (D). Another way of using multiple alternatives is choosing the best 

features from different alternatives and form a better solution (A2, A6). There is a downside to 

parallel prototyping in public tenders, as it is difficult to use different parties when a tender is 

required according government regulations (B). There are programs which makes this possible, 

such as opening up testing areas to generate information available for the public, without getting 

a public tender contract. However, due to the complexity of these mechanisms, this is left out 

of this research. 

4.5.2 Fixation 

The opposite of exploration is fixating on one solution. The interviews did not completely 

confirm the literature that early prototyping increases exploration and decreases fixation (Dow, 

et al., 2012). Instead of decreasing fixation, early prototyping could also increase fixation. The 

difference in increasing or decreasing fixation is a result from the amount of fidelity.  Low-

fidelity prototypes could decrease fixation, whereas high-fidelity prototypes could increase 

fixation (D). This could come from the difference in feedback given by stakeholders. Low-
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fidelity prototypes lead to more functional feedback, whereas high-fidelity prototypes could 

look like a final product, and therefore fixation could appear as there are no big changes 

requested by the client. The interviewees do agree that fixation is dangerous in an NPD process 

(A3, G), and give possible solutions to avoid fixation: “Make sure there is a possibility to 

change a design” (B), “Look which options are possible” (C), “Keep in mind which problem 

you are solving” (G), and “By working together with other parties, the chance of fixation is 

decreased” (B).  

4.6 Innovation Adoption 

This category is about the acceptance of an innovation and thus the commitment of the 

customer. One company was focused on proving commitment of customers through 

prototyping (E), whereas other believe that integration of customer lowers the barrier to adopt 

a product (A1, A3, G): “Developing together creates enthusiasm among colleges” (A1). 

Another state: “If you can show that it works, people want it faster” (F), which is also linked to 

the visualization and understanding effects (B).  

4.7 Human Aspects 

This category is set up as a result of new information from the interviews which was not found 

in literature. In different interviews, work methods from employees were mentioned as a 

possible change that needed to occur and thus an effect of early prototyping. As mentioned in 

the cost-section, it is more expensive to sit behind a desk and develop an entire product than 

producing a prototype early in the NPD process. A good representation of this is given in an 

interview: “You have to go from report-prototype-report to prototype-report, we see that people 

stay behind their desk too long” (D). Another interviewee mentioned that: “Prototyping is 

another way of thinking and requires a lot of motivation. People are often satisfied with less 

response, while it is the challenge to keep the motivation and energy high” (E). It is clear that 

the project team must be committed to reaching a good product, but also test persons must be 

committed long term: “The motivation of a test person/customer could decrease, you have to 

find an enthusiastic test person” (A1).  Overall, it is necessary to keep in mind that applying 

early prototyping leads to a change in working, and employees’ behavior needs to change. It is 

necessary to get away from a desk and go into the field, and in the process, keep everyone 

motivated.  

4.8 Additional Findings 

In addition to the six effects found in literature and the newly added effect named ‘human 

aspects’, additional findings are discussed below that focus on the application of early 

prototyping.  

4.8.1 Requirements NPD Process 

As mentioned in the introduction, the NPD process has been changed over time. This is also 

what was noticed during the interviews, as different companies use different methodologies and 

processes to carry out NPD projects. Spiral Development was an example of a methodology 
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that uses prototypes. It decreases risks by using small cycles: “Investments are made using 

level-up prototypes, with more details in a prototype every phase” (E). In addition to the 

investment risk, the interviewee also stated: “Less risk, higher success rate” (E), which could 

also be linked to the above explained information increase and uncertainty reduction. Another 

methodology which was named during the interviews is Scrum, where they divide big projects 

into small “sprints”. One interviewee state: “Scrum leads to fast production of prototypes, and 

it is needed to show the customer on a short term the prototypes, which leads to fast feedback” 

(P1). Another dominant subject is co-creation, where customers are integrated in the 

development process and the concept is co-created by customer and designer. The above-

mentioned methods are all about using short cycles and more iterations, where adjustments are 

made to the prototype, which is also named in the interviews as “Trial-and-Error” (D), or 

“Build-Measure-Learn loops” (B). The information from the interviews cannot give an answer 

on how different processes exactly influence the effects of early prototypes. However, it does 

confirm that companies that were analyzed in this study use early prototyping in NPD processes 

where stakeholders and customers are integrated and that the process has short cycles and 

multiple iterations.  

4.8.2 Effects Differ in Fidelity 

The results also show that there is a difference in some effects when using low- or high-fidelity 

prototypes. Throughout this chapter the influence of fidelity of prototypes is already mentioned 

in the communication, information, and fixation sections. High-fidelity prototypes give 

different types of feedback than low-fidelity prototypes, because the former prototype also 

shows aesthetics. In addition, high-fidelity prototypes have less risk of causing branding 

damage. On the other hand, low-fidelity prototypes give more functional feedback, which is 

wanted more in the beginning of an NPD process. However, if the fidelity is too low, the use 

of a prototype could cause that a project is stopped because the stakeholders are not convinced 

of its product advantage. Finding the right balance between low- and high-fidelity is therefore 

crucial when applying early prototypes. An overview of different effects of fidelities is given 

in Figure 12. 
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Figure 12 Effects Low- and High-Fidelity 
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The risks and benefits shown in Figure 12 focus on the application of prototypes before or 

during development. However, the benefits may become risks when applying low-fidelity 

prototypes in other stages in the NPD process. Therefore, the effects should be reconsidered in 

every stage of the NPD process. For this study, the findings show that low-fidelity prototypes 

are wanted more in the beginning of the NPD process for the difference in feedback and 

fixation, whereas high-fidelity prototypes are wanted more later on in the process. This is 

illustrated in Figure 13. 

Discovery Scoping Business Case Development Testing

Low-fidelity High-fidelity

 

Figure 13 Applying Fidelity in Stages NPD 

4.8.3 Timing 

The interviewees additionally mentioned the risk of losing commitment when testing too early 

with a prototype (A1, A5), as shown in the communication, and performance and validation 

effect. Flaws are detected sooner, but these same flaws could also lead to a decrease in 

commitment. This is also explained in the previous paragraph, where the issue is mentioned of 

stopping a project too early because the stakeholders are not convinced when using low-fidelity 

prototype. The conclusion could therefore be drawn that the integration of stakeholders can 

happen too early in the NPD process when using early prototypes. This could come from 

particular stakeholders that are sensitive to failing results, instead of seeing the opportunity to 

learn from them. This is a consideration that has to be taken into account when starting an NPD 

project and using early prototypes.   

4.8.4 Testing-Environment 

Last, most of the interviewed companies use solid objects for prototype testing (uncontrolled) 

instead of digital simulations (controlled). Testing in a controlled environment was mostly used 

for the focal company. In the rail tracks, innovations have to be a 100% safe before 

implementation or even testing can take place (A4). Therefore, a simulation was built where 

real-life data is used to create an environment. In this way, all types of scenarios can be tested 

in a short time (A3). The downside is that scenarios that did not happen yet, are not taken into 

account. By developing this simulation, testing can take place earlier, even though the product 

is not ready to be tested ‘outside’. 

4.9 Conclusion 

The interviews led to a confirmation of the conceptual model. All the effects were confirmed, 

except for fixation, which stated that early prototyping could decrease fixation, but also 

increases fixation when using a high-fidelity prototype. In Figure 14 the empirical model is 

presented, with the confirmed effects, the effects which were expanded, and the newly found 

effect. Additional remarks were made concerning the application of early prototypes.  
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Figure 14 Empirical model 
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5. Discussion & Implications 
This research explored the possible effects of early prototyping. First, a literature review was 

done to get in-depth knowledge about the known effects of (early) prototyping. Thereafter, 

twelve interviews were held to confirm the existing literature and, if possible, add new or 

expand known effects. An overview of the results is given in the previous chapter, Figure 14. 

In this chapter, theoretical contributions and managerial practices will be discussed.  

5.1 Theoretical Implications 

The academic literature on early prototyping is limited despite the fact that companies are 

already using prototypes in the beginning of their NPD process. Therefore, this research 

contributes to the literature by providing four new key findings. This study: 

• Provides a systematic overview of the effects of early prototyping in contrast to the 

existing literature in which all the effects were scattered across individual studies; 

• Finds that the effects change when using different types of fidelity; 

• Finds that to accomplish the positive effects of early prototyping, an NPD process with 

multiple iterations, short cycles and integration of stakeholders and customers is 

required; 

• Reports a new effect of early prototyping, namely Human Aspects, which focuses on 

change management when applying early prototypes.  

5.1.1 Systematic Overview 

This study is the first to provide a systematic overview of the effects of early prototyping, in 

contrast to the existing literature in which all the effects are scattered across different studies. 

As shown in the empirical model (Chapter 4, Figure 14), all known effects found in literature 

are confirmed, except for the fixation which differs in low- and high-fidelity. The new effect, 

human aspects, was not found as a link with early prototyping in the literature. Thus, this 

research does not only confirm the known effects, but also expands them into more detailed 

aspects that have to be taken into account. In this respect, some effects differ when applying 

low- or high-fidelity prototypes, which will be further discussed in the next paragraph. 

5.1.2 Fidelity Prototype 

The existing literature focuses on applying prototypes in the development- and the testing 

phase, whereas the effects from using prototypes partly differ in this study. Even though the RP 

literature shows that new technologies make it possible to produce relatively cheap prototypes 

with high-fidelity (Onuh & Yusuf, 1999), the interview results show that high-fidelity 

prototypes might not be suited in the first stages of an NPD process. The difference in feedback, 

fixation, and communication effects per type of fidelity needs to be taken into account. For the 

difference in feedback and fidelity, it could be concluded that in the beginning of an NPD 

process more functional information is needed, and therefore low-fidelity prototypes are 

required. In addition, high-fidelity prototypes increase fixation, as where in the beginning of an 

NPD process divergence in solutions is wanted. This could lead to the conclusion that high-
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fidelity prototypes are not always recommended in the beginning of an NPD process. 

Nevertheless, it has to be taken into account that low-fidelity prototypes also bring risks, such 

as branding damage and a decrease in support and commitment. This decrease in commitment 

raises the discussion on the stakeholders’ integration timing, which is further discussed in the 

managerial implications section. Overall, this study shows that instead of looking at best way 

to produce a high-fidelity prototype early on, for example using RP techniques, the choice of 

fidelity is also influenced by process factors such as communication and feedback, and by the 

difference in fixation. The choice of fidelity has to be re-evaluated every stage, because the 

objectives per stage change and effects can go from positive to negative or vice versa. 

Additionally, the audience to who the prototype is shown/tested can change and thus have other 

characteristics that could determine whether a high- or low-fidelity prototype is needed.  

5.1.3 Early Prototypes in NPD Processes 

As explained earlier, there are different types of NPD processes. The results of this research 

show that the analyzed companies all use NPD processes that have multiple iterations, short 

cycles and integration of stakeholders and customers. These characteristics (iterations, cycles 

and integration) are needed to accrue the positive effects of early prototyping, as described in 

this study. This finding is new and as such this research contributes to the academic literature 

as early prototyping can only be effectively performed in NPD processes that allow multiple 

iterations, short cycles and integration of stakeholders and customers.  

5.1.4 Change Management 

A new effect was discovered, namely human aspects, which focusses on change among 

coworkers as current working practices change when applying early prototyping. It is needed 

to keep the stakeholders and possible test persons enthusiastic and early prototyping requires a 

change within the organization its working ethics. Therefore, early prototyping should also be 

linked to change management, as old behavior should be discarded before new behavior can 

successfully work (Todnem By, 2005). 

Another perspective of change management and early prototyping could be when the NPD 

project is about an innovative product used in the organization. As shown in this research, early 

prototypes could be used to train customers to give valuable feedback. However, if this is used 

to train employees early on the process, it is also a way to start change management at the 

beginning of an innovation project. This is also shown in the communication effect focusing on 

integrating stakeholders early on in the NPD process. Because different disciplines of the 

company are involved, they can give feedback on for example lifecycle maintenance, and also 

start training to use an innovation.   

Overall, this research contributes to the academic literature as it adds a new method to decrease 

uncertainty in the beginning of an NPD process, it gives possible differences of effects for low- 

or high-fidelity, proposes characteristics of an NPD process where early prototyping can be 

applied, and links change management to early prototyping.  
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5.2 Managerial Implications 

This research does not only add to the academic literature, but also contribute to business 

knowledge. As discussed in the introduction, companies already use early prototyping but that 

the academic literature did not yet cover this subject. This study gives practical contributions 

by highlighting the following issues: 

• If application of early prototyping is helpful in an NPD project; 

• What form of early prototyping is required; 

• When in the NPD process early prototyping can best be applied. 

These implications are defined based on the findings of this study and the requirements of the 

focal company. As explained in the introduction, the focal company is implementing the 

program ‘from talking to testing’, which has the objective to reduce on-paper development and 

transform this into a more visible working method. However, there are still a lot of uncertainties 

on how to approach this program. In a follow-up interview, the focal company mentioned that 

in addressing the above-defined issues (i.e., If, What and When to use early prototyping) 

important trade-offs have to be considered. These trade-offs will be described in more detail in 

the following paragraphs. 

5.2.1 Applying Early Prototypes 

The issue if the application of early prototyping is needed can be translated in a trade-off 

between fourteen selected benefits and five selected risks of using early prototyping (Figure 

15). This selection is made of most practical effects valuable for the poster, which is shown in 

Appendix F. To do so, a systematic overview poster is made showing the benefits and risks that 

have practical influences. This poster can be used by project leaders to decide if to use early 

prototyping, but also to inform and convince employees to consider using early prototyping. 

The poster is shown in Figure 15.  
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Figure 15 Weighing the Benefits and Risks of Early Prototyping 

The focal company stated that: “The goal should not be testing, it should be adding value to 

the project. When this is not the case, it should not be used”. Therefore, the awareness of when 

to apply early prototyping contributes to the understanding of the program ‘from talking to 

testing’. To get a better idea if an NPD project needs to apply early prototyping, a table is made 

with characteristics that need to be present for positive effects of early prototyping (Table 5). 
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 When to apply early prototyping? Linked to effect 

Early 

Proto-

typing 

When there is a lot of uncertainty in the beginning of the NPD 

project; 

Generating Information 

When it is possible to have multiple iterations; Process 

When information of users/stakeholders is required; Generating Information 

When the requirements from the customers or management is 

not clear; 

Clear needs and wishes 

When the innovation generates a change in the organization; Human Aspects – 

Change Management 

When the user needs to be trained before giving valuable 

feedback; 

Understanding Concept 

When stakeholders and/or senior management need to be 

convinced; 

Involvement/Integration 

When users need to be convinced; Convince customer & 

Innovation Adoption 

When a project loses speed, and needs direction for further 

development. 

Time & Direction 

Table 5 When to apply early prototyping? 

5.2.2 Form of Early Prototyping 

The type of fidelity leads to different effects in early prototyping. To decide if low- or high-

fidelity is most suited for the NPD project, an overview is made of the effects from different 

types of fidelity (Table 6). 

Fidelity You have to apply a high/low fidelity prototype when… 

High 

There is a chance of branding damage; 

You need functional and aesthetic feedback; 

Commitment of unknown stakeholders/stakeholders with no knowledge from the project. 

Low 

You need functional feedback; 

There is an understanding that the concept is going to be further developed; 

The audience, stakeholders and customers have knowledge of the concept; 

You need to diverge (exploration, or use multiple high-fidelity when required). 

Table 6 Application prototype fidelity 

These characteristics can be transformed into a decision process. To give an example, the 

above-mentioned effects are compared to an innovation project of the focal company. In this 

project, an object was designed to increase the punctuality of train arrival and departure. The 

innovation is a user-product and does not influence the chance of accidents for trains, therefore 

it can be prototyped. The prototype was built to test the functionality and interaction with 

employees, which includes finding out the customers’ wishes and needs. In addition, senior 

management needed to be convinced of the product. As mentioned before, not only the 

functionality, but also the interface needed to be tested, and therefore aesthetics was partially 
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included. Following this case, high-fidelity prototypes were more suited for this situation, as 

shown in Figure 16. 

NPD Project

Low-Fidelity High-Fidelity
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Figure 16 Decision Process Fidelity 

5.2.3 Timing of Application Early Prototypes 

The question when to apply what type of early prototyping is still unanswered. However, the 

findings of this study show that in some situations, low-fidelity prototyping is wanted more in 

the beginning of an NPD process, due to functional feedback and less fixation. On the other 

hand, if stakeholders are sensitive to failure results of testing, it could be better to use high-

fidelity prototypes or to integrate the stakeholders later on in the process due to a better 

generalization of the test results. As an interviewee stated in the follow-up interview at the focal 

company: “A failed test is still valuable for the project” (A). Thus, the timing of integrating 

stakeholders is important to take into considerations, as early prototype testing might be wanted 

just to generate information, and not to use as a communication tool. Overall, it is important to 

take the people who interact with the prototype into account. Are they unknown, not 

experienced with the topic, and do they possess valuable information, are key questions that 

have to be answered before deciding when and how to use early prototyping. Additionally, the 

effects of applying early prototypes per stage have to be taken into account as different stages 

put different weights on effects, such as commitment and type of feedback. Therefore, the 

benefits and risks of early prototyping have to be re-evaluated in every stage of the NPD 

process. 
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5.3 Conclusion 

This chapter highlighted the theoretical and managerial implications of this study. It contributes 

to the literature as it gives a systematic overview of the effects of prototyping, highlights the 

difference in effects using low- or high-fidelity prototypes, defines the requirements for an NPD 

process and adds a new effect focusing on change management using early prototypes. The 

managerial implications discuss the trade-off between risks and benefits, and therefore the 

question if early prototyping should be applied in an NPD project. In addition, the type of 

fidelity should be chosen and the timing of integrating stakeholders and when to use what type 

of fidelity should be considered. In the next chapter, the research question will be answered and 

an overall conclusion will be drawn, followed by limitations of this study and possibly future 

research directions.   
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6. Conclusion, Limitations and Future Research 
This chapter will answer the main research question of this study and provides a short summary 

of the key results. Thereafter, the main conclusion of this research will be drawn, followed by 

the limitations and future research directions that follow from this research.  

6.1 Research Question 

This research was conducted to fill the gap in the literature on the fragmented and missing 

effects of early prototyping. As companies are already using early prototyping, a systematic 

overview of effects from this new way of applying prototypes in an NPD process was 

warranted. In addition, the focal company is implementing a program called ‘from talking to 

testing’ in which they want to decrease desk-development and get more practical and reliable 

information within NPD processes. Before performing the field research, three sub-questions 

were asked:  

(1) How is prototyping defined? 

(2) What are the different types of prototyping? 

(3) What are the known effects in academic literature?  

Through the literature review prototyping was defined as an approximation of a product, and 

has different factors that have to be taken into account, namely the completeness of the 

prototype, the form and the fidelity (Chua, Leong, & Lim, 2010). In the field study, the type of 

fidelity, namely low- or high-fidelity, was taken into account. The third sub-question was 

answered with six effects of (early) prototyping. These six effects together with the results of 

the field research identified seven main effects of early prototyping, which provide an answer 

to the main research question of the study, which was formulated as ‘What are the effects of 

using early prototypes in new product development?’. The seven effects of early prototyping 

are shown in Figure 17.  

1. Communication

2. Information

4. Performance & Validation

5. Exploration

6. Innovation Adoption

3. Time & Cost

7. Human Aspects

Early 

Prototyping

 

Figure 17 Main Effects 

In addition to the main effects, this research expands the known effects into more detailed 

aspects. An overview of these effects and aspects can be found in Figure 14. 
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6.2 Conclusion 

From the effects found in this study the conclusion can be drawn that early prototyping 

decreases uncertainty in the beginning of an NPD process. However, a well-balanced decision 

has to be made if early prototyping is beneficial for a particular NPD project or not, and 

therefore a careful trade-off must be made between the benefits and risks of early prototyping. 

Additionally, the fidelity of a prototype per stage of the NPD process, and the timing of 

integrating stakeholders have to be considered before applying early prototypes.  

6.3 Limitations & Future Research 

This study has some limitations which can be further research to expand the body of knowledge 

on early prototyping. First, this study analyzed a limited number of companies, and did not 

make a categorization of type of industries. Future research might investigate industry-specific 

effects. Second, the results cannot be generalized given the limited number of cases used. To 

do so more and particularly quantitative research is needed. Third, the information is gathered 

from employees working on several innovation projects, but no specific cases (i.e., NPD 

projects) were analyzed. Future research might focus on the project-level as unit of analysis. 

Fourth, the effects cannot be generalized over different prototyping techniques, but the findings 

already indicate the difference of effects for types of fidelity. Further research in different forms 

of early prototype testing should therefore be done to get a better understanding of possible 

effects of particular types of early prototyping. The fifth limitation is the type of innovation, 

such as incremental and radical innovation, which is not taken into account and thus effects 

could be different for different types of innovations. Sixth, competitive advantage as a possible 

effect of early prototyping is left out of this research, but it could be an effect of early 

prototyping. Seventh, the effects could go from positive to negative or vice versa in different 

stages. The effects and their weight should be researched per stage in the NPD process in future 

studies. Last, this study did not analyze a lot of cases with digital simulation as prototype 

method. Therefore, future research should focus more on this type of prototyping. 

In addition to the future research resolving the limitations of this research, the new findings 

reported in this study also provide directions for future research. Possible directions could be 

the perspective of early prototyping being a tool for change management, the uncertainty of 

basing a go/no go decision on early test-results, the optimal timing of integrating stakeholders 

in the NPD process if prototyping is used, the timing of types of prototypes categorized per 

stage, and quantifying the reduction in costs. 
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Appendix A: Interview Protocol 
To start an interview, permission needs to be asked to record the interview for transcribing 

purposes. Names of companies and persons are not included in this research.  

An introduction is given about this research, naming the scope and purpose of this research. 

This introduction warms up the interview to build trust and increase the change of getting 

valuable information (Jacob & Furgerson, 2012). 

Topic guide 

This research is performed as a thesis project for TU Eindhoven and the focal company. I am 

researching the effects when applying early prototyping within an innovation project. To get a 

general view of your job/company, how do you perform/take on innovation? 

- Try to discover the innovation process 

- Try to steer towards prototyping 

Is the interviewee a customer of innovation or do they develop on their own? Development 

from scratch or further develop basic product? 

When context is clear, move on to effects, otherwise keep trying to create a clear picture of the 

context the interviewee is working in. 

Effects: 

Communication: 

o Is early prototyping used as a communication tool? 

o Does is help to make the customer understand the concept, or get support from 

management? 

Process/Product Performance 

o Defect detection 

Information 

o Better information for further development 

Validation 

o Early validation of direction innovation 

o Quality 

Exploration 

o Design fixation 

o Compare alternatives 

Innovation Adoption 

o Accepting an innovation 

Time & Money 

o The cost of prototyping 

o Time investments, does it speed up the innovation process 

With every effect, ask for more aspects. 
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After these effect, it is necessary to ask for other possible effects, positive as well as negative 

effects. To do so, repeat an effect mentioned in this interview or a previous one, to keep the 

conversation going.  

To create a clear understanding, a schematic overview is filled in together by the interviewer 

and interviewee of the given answer, as shown in Table 7. 

 

 

End with a thank you note and the question if they want to receive this research. 

  

Table 7 Schematic overview interview 

 Commun-

ication/ 

Under-

standing 

Process/ 

product 

perfor-

mance 

Knowledge Validation Eploration Innovation 

Adoption 

€ Time 

Low 

Fidelity 

Mock-up 

        

High 

Fidelity 

Function

ing  

        

General 

Effects 
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Appendix B: Participants 
A: The main railroad company in the Netherlands who carries out the responsibility of the 

railroads and stations in the Netherlands (Table 8).  

Participant Department: Position 

A1 Innovation Data Lab: Project Manager 

A2 Innovation and Development: Program Manager 

A3 Innovation and Development: Program Manager 

A4 Innovation and Development: Program Manager 

A5 Programs and Project: Project Leader 

A6 Innovation and Development: Project Leader 

Table 8 Participants Company A 

B: Governance of a municipality. The interviewee is responsible for an innovation program for 

startups to lower the barriers to enter public tenders and stimulate innovation 

C: Company is responsible for road constructions. The interviewee is working at a testing lab 

for innovation. 

D: Design company where the interviewee designs solutions and produces prototypes. 

E: An innovation consultancy company where the interviewee is a consultant for companies to 

structure their innovation process or help with innovation projects. 

F: A company specialized in storage. The interviewee was responsible for bringing innovation 

from for example the internet of things into the company. 

G: Project of a municipality where the interviewee set up a program to boost innovation for 

mobility solutions.  
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Appendix C: Template Approach  

 

Figure 18 Template-Approach Coding 
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Appendix D: Codebook 
Category Subcategory 

Communication Involvement 

Visualization 

Understanding 

Information Decision Making 

Generating Information 

Method/Process 

Time & Cost Time 

Cost 

Performance & Validation Quality 

Assumptions 

Flaw Detection 

Direction Development 

Testing 

Exploration Alternatives 

Exploration/Fixation 

Adoption Commitment 

Enthusiasm  

New Culture 

Fidelity 

Risk 

PR 

Table 9 Codebook 
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Appendix E: Effects Mentioned in Numbers 
 

 
Figure 19 Quantification Results 
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Appendix F: Selection Practical Effects Poster 
Effects/Aspects Number 

Benefit on 

Poster 

Argumentation 

Commitment 1  

Integration 1  

Explanation 9  

Presentation 10  

Understanding 9  

Convince Customer 11  

Faster Decisions 5  

Feedback 2  

Clear Needs & Wishes 2  

Stop/Continue Development 6  

Time 12  

Cost 14  

Quality - Results did not give a conclusive 

answer to the quality aspect 

Validating Assumptions 8  

Flaw Detection 3  

Direction 7  

Testing - Testing is a global aspect of 

validation 

Alternatives 4  

Fixation Risk 1 & 5  

Innovation Adoption 11  

Human Aspects 13  

Table 10 Selection Effects Poster 


