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Abstract 

In order to sustain and compete in the globalized market, firms are in the 

continuous development of their new product development (NPD) process. 

Multiple researchers have studied how to achieve a well-functioning process, by 

developing theories and capturing its characteristics with models. As a result of 

the technological revolution, firms and researchers have acknowledged the 

potential benefits of technologies, and adopted them into NPD processes. 

Virtual reality, as one of the emerging technologies, has been highlighted by its 

benefits based on its immersive characteristics. Present studies argue for virtual 

reality of being an aiding tool in terms of cost and time reduction during the 

development process. By acknowledging its already defined benefits in previous 

literature, this thesis adopts a knowledge perspective and pursues benefits of 

VR as a tool for communicating knowledge. Thus, exploring how it could be 

used within the NPD process, with the purpose of aiding the communication. 

During the thesis an exploratory case study was performed by making 

observations and conducting 11 interviews with actors involved in the NPD 

process of the focal company. The findings highlighted that with the pre-

existing tools (CAD-systems & physical prototypes), the communication during 

concept/product development and alignment meetings was often ambiguous. 

Moreover, we identified knowledge asymmetry between actors in the NPD 

process as the main communication barrier, contributing to increased ambiguity. 

Lastly, the results motivated the use of virtual reality, as an aiding tool for 

improving knowledge transfer and reducing knowledge asymmetry by easing 

communication of in-depth factual and procedural knowledge between 

departments, domains, through visualizations of concepts and products 

throughout the NPD process. Thus, reducing ambiguity. The thesis, therefore, 

concludes that virtual reality can be used as a visualizing communication tool 

within the front-end phase and throughout the formal NPD. 
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Sammanfattning 

För att kunna upprätthålla och konkurrera på den globaliserade marknaden är 

företagen i en kontinuerlig utveckling av sina produktutvecklingsprocesser. 

Flera forskare har studerat hur man uppnår en väl fungerande process genom 

att utveckla teorier och fånga dess egenskaper i modeller. Som ett resultat av 

den tekniska revolutionen har företag och forskare erkänt de potentiella 

fördelarna med teknik och antagit dem i nya produktutvecklingsprocesser. 

Virtuella teknologier, som en av de framväxande teknologierna, har blivit 

uppmärksammad på grund av dess fördelar baserad på dess uppslukande 

egenskaper. Nuvarande studier argumenterar för den virtuella teknologin som 

ett hjälpmedel när det gäller kostnads- och tidsreduktion under 

utvecklingsprocessen. Genom att erkänna dess fördelar, antar denna avhandling 

ett annat tillvägagångssätt, genom att studera det som ett 

kommunikationsverktyg. Således genom att utforska hur det kan användas inom 

produktutvecklingsprocessen, med syfte att hjälpa kommunikationen. 

Författarna till uppsatsen genomförde en undersökande fallstudie genom att 

göra observationer och genomföra 11 intervjuer. Resultaten lyfte fram att med 

de tidigare befintliga verktygen (CAD-system och fysiska prototyper) uppträdde 

tvetydighet under tekniska möten och vid konceptutvärdering. Dessutom var 

kunskapsasymmetri identifierad som huvudbarriär för kommunikation och 

bidrog till tvetydighet. Slutligen motiverade resultaten användningen av virtuell 

teknologi genom produktutvecklingsprocessen, som ett hjälpmedel för att 

överbrygga kunskapsasymmetri genom att underlätta kommunikation av djup, 

saklig- och procedurkunskap för problemlösning, mellan kunskapsdomäner, 

genom visualisering av koncept och produkter. Detta identifierades som en 

möjlighet för att reducera tvetydighet. Uppsatsen fastställer att den virtuella 

teknologin kan användas som ett visualiserande kommunikationsverktyg inom 

front-end-fasen och genom hela formella produktutvecklingen. 
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1. Introduction 

1.1. Background 

In all markets where products are exchanged, companies actively develop new 

products in order to meet new and changing customer expectations (Menon et 

al. 2002). Rapid and efficient new product development (NPD) is seen as a key 

factor for companies’ survival in the dynamic market (Cooper 1983; Koen 

2004), and its activities have been acknowledged by their ability to increase the 

firm’s performance (Büyüközkan & Arsenyan 2012). Therefore, enhancing and 

making the NPD more seamless has achieved a great amount of attention in 

previous literature (Bradfield & Gao 2007; Rick et al. 2008; Paetzold 2015). 

The NPD process depends on multidisciplinary inputs from several actors and 

entities (Cooper 1983), and therefore its success is not only a matter of research 

and development, instead it depends of the interplay of activities performed by 

actors (Sihvonen & Pajunen 2019). Therefore, the NPD process reaches and 

incorporates several departments, such as sales, engineering, production, and 

R&D (Cooper 1983). Aligned with this, Kohlbacher (2008) and Yang et al. 

(2017) argue that NPD could also be understood as the process of knowledge 

exchange between different actors. It is further indicated that a successful NPD 

process relies on the interdisciplinary exchange of information and internal 

communication (Cooper 1983; Kohlbacher 2008), and both technical 

knowledge from internal actors and knowledge regarding customers’ needs and 

preferences is required for developing successful innovations (Lilien et al. 2002; 

Magnusson 2009). 

One rather popular approach for enhancing product development among 

scholars is through the integration of new technologies (Hwan et al. 2009), that 

can enable different phases of the process (von Hippel 1994; Mujiber et al. 2004, 

De Silva et al. 2018). Accordingly, actors involved in the product development 

are provided with a variety of software and technologies for enhancing their 

activities (Mujiber et al.2004). With the aid of such technologies, information 

shared between the different phases can increase significantly (von Hippel 

1994). Additionally, in previous research and among companies, the interest of 

concept visualization technologies has increased significantly (Lorenz et al. 

2016) for their possibilities to provide a conceptual model without the use of 

extensive resources (Feeman et al. 2018). Consequently, the interest in virtual 

reality (VR) has increased significantly (Mujber et al. 2004; Feeman et al. 2018; 

Lawson et al. 2016). VR was initially introduced in the 1990s and due to the 
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state of the technology the required resources and time for providing virtual 

models was considerably high (Adam 1993), and therefore the interest faded 

away (Brooks 1999). However, today the technology for providing virtual 

models has developed significantly and has reached the plateau for 

incorporation in NPD (Wolfartsberger et al. 2018). Hence, the interest in VR 

and its capabilities has increased significantly in product development literature 

(Choi et al. 2015; Berg & Vance 2017; Wolfartsberger et al. 2018). 

VR is however not only seen as a result of the continuous development of 

software technologies, instead Mujber et al. (2004) argue that VR is a technology 

that can help firms achieve the market environment’s requirements of fast time-

to-market and high product quality. This by implementing VR as a tool in the 

NPD process to facilitate virtual prototyping and 3D modeling (Mujber et al. 

2004; Lawson et al. 2016; Feeman et al. 2018). Visualizing CAD models in the 

interactive and virtual environment is further argued to generate benefits by 

providing good perception when evaluating concepts (Guerlesquin et al. 2012). 

Another positive aspect of using VR is the ability to provide prototypes (Mujber 

et al. 2004), without creating physical, cost and time expensive, mock-ups of the 

models (Feeman et al. 2018). Additionally, it is proposed that VR can foster for 

improved communication between actors, based on its collaborative 

characteristics (Guerlesquin et al. 2012, Feeman et al. 2018).  

1.2. Problematics 

Previous literature on VR focus on its technical features and how they can be 

further developed for NPD purposes (Choi et al. 2015; Lawson et al. 2016; 

Feeman et al. 2018). In the present, Choi et al. (2015) state that the technology 

has reached its development maturity for applications in NPD, and therefore 

there is a need for studies that provide explicit knowledge of how VR 

applications can benefit the NPD process. Mujber et al. (2004) and Feeman et 

al. (2018), state that the technology can provide economic benefits and can be 

incorporated with existing technologies. Additionally, previous studies have 

provided knowledge regarding the prerequisites for implementing VR (Berg & 

Vance 2017). Thus, creating a need for research where VR applications in NPD 

processes are investigated, and further knowledge is provided regarding 

applications in explicit cases.  

In NPD processes, Cooper and Kleinschmidt (1994) argue that a strong 

knowledge base has the ability to increase efficiency and provide economic 

growth benefits. Consequently, Lehtonen (2014) argue that knowledge can 
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emerge from visualizations of products and concepts as actors interact with it. 

Therefore, indicating that visualizations are beneficial communication tools of 

knowledge within organizations, and indicating that visualization technologies 

can enable a stronger knowledge base. Although, existing technologies can 

provide visualizations, most are limited in either interact ability, dimensions and 

accessibility (Emmison 2011; Lehtonen 2014), the question remains what VR 

might bring, as a visualization tool for communication in the NPD process. 

Moreover, as the NPD process relies on the combination of different 

knowledge, the interest in ways to enable knowledge exchanges is extensive 

(Cooper 1983; Kohlbacher 2008; Magnusson 2009), 

Although, Guerlesquin et al. (2012) proposed that VR can foster for improved 

communication between actors, based on its collaborative characteristics, this 

aspect of VR has not been given much attention. Moreover, by focusing on the 

potentialities of the technology, Guerlesquin et al. (2012) does however fail to 

provide explicit accounts of how VR technology is used as a communication 

tool during the NPD process and what potential benefits this might have in 

terms of knowledge exchange. Therefore, creating a research gap regarding VR, 

and its applications as a communicative tool.  

Bridging the gap between NPD and VR as a communicative tool could provide 

further knowledge and address one of the more central aspects of NPD 

processes, knowledge exchange (Durmuşoğlu & Barczak 2011). A study of VR 

applications in the NPD process where there is a high degree and need of 

knowledge exchange (von Hippel 1994; Yang et al. 2017) could contribute to 

this identified research gap. 

1.3.  Aim and purpose 

In diffidence with present studies, this study adopts a knowledge-based view in 

order to bridge the identified research gap. This, by acknowledging the NPD 

process as a process of knowledge exchange between different actors 

(Kohlbacher 2008; Yang et al. 2017) striving towards a common goal, a product 

launch (Durmuşoğlu & Barczak 2011).  In the lens of knowledge domain, von 

Hippel (1994) argues that, all actors have to communicate their problem-solving 

information, from their knowledge domain, in order to solve the arisen 

problems in the process of developing new products. A technology facilitating 

communication of this problem-solving information could, therefore, be argued 

to enhance the performance of the process. Lehtonen (2014) argue that 

knowledge can be transferred by visual communication, where knowledge 
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emerges from a visualization in combination with actor´s participation and 

interaction. VR, as a visualization tool, could therefore be seen as a potential 

facilitator for enhancing and sharing the knowledge within the company.  

The aim of the thesis is thus to explore the challenges of NPD and how VR 

applications may address these challenges, with a knowledge-based view. With 

the purpose of obtaining more in-depth understanding for applications of VR 

as an aiding tool in the NPD process, and what the potential benefits are. 

Therefore, this study addresses the following research question: 

RQ: How can VR aid the NPD process? 

In order to address the stated research gap and answer the research question, 

our study builds on existing NPD literature (Cooper 1983; Durmuşoğlu & 

Barczak 2011; Florén & Frishammar 2012; Cooper 2014; Sihvonen & Pajunen 

2019), introduces a knowledge-based perspective inspired by existing literature 

in innovation and NPD (Von Hippel 1994; Grant 1996; Suh 2005; Magnusson 

2009; Sukhov et al. 2019) and VR as a technological tool (Mujiber et al. 2004; 

Lawson et al. 2016; Feeman et al. 2018). To understand how visualizations can 

provide benefits, in terms of knowledge and information we draw from 

literature in visual knowledge (Lehtonen 2014). 

Due to the complexity of the NPD process and the excessive actors involved in 

the NPD when developing complex products, delimitations were set so the 

study could be performed in the given time frame. Despite several process 

models for NPD processes, focus has remained on the Stage Gate system 

provided by Cooper (2014), due to its applicability in different organizations 

and companies (Cooper 2014), and similarities with the process of the case 

company. Further, instead of investigating challenges with product launches, 

this study focuses on internal challenges in heterogeneous stages and activities 

in the front-end and the formal NPD process, therefore neglecting 

commercialization, and thus the last stage in the Stage Gate.  
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2. Theoretical framework 

In this section, a theoretical framework is provided with definitions of key concepts and theories. 

Initially, the NPD process is presented and elaborated together with different concepts used 

with regard to the NPD process. Further, an explanation of the knowledge-based view is 

presented to enable an understanding of knowledge exchange in NPD. The section continues 

with providing insights to existing visualization technologies grounded in previous literature on 

VR and prototyping.  

2.1. NPD 

In competitive markets, companies are always facing strong competition, 

therefore rapid and efficient NPD processes are seen as key drivers for a 

company’s success (Ernst 2002). With rapidly changing customer needs, shorter 

product life cycles and the constant development of new technologies, 

maintaining successful NPD processes are becoming more complex (Menon et 

al. 2002). Accordingly, the complexity of the project and the process itself 

increases with the complexity of the goods, project size and the number of 

interdependencies between activities (Sihvonen & Pajunen 2019). Despite the 

complexity, previous literature identifies the main phases in the NPD process 

(Koen 2004; Durmuşoğlu & Barczak 2011; Cooper 2014). The NPD process 

entail the necessary stages and activities performed by actors required for a 

product idea to transform into a product launch (Cooper, 2014). In general, 

actors involved in the NPD process are either individual actors or groups of 

actors that are able to perform activities (Sihvonen & Pajunen 2019), and 

collectively work throughout the stages of the NPD process to eventually launch 

a product to a market. However, while the stages and activities performed by 

organizations throughout the NPD process might vary, these can be partitioned 

into larger phases (Durmuşoğlu & Barczak 2011). The three main phases that 

have been outlined in research are; front-end phase, the formal NPD phase, and 

the commercialization phase (Cooper & Kleinschmidt 1994; Koen 2004; 

Cooper 2008; Durmuşoğlu & Barczak 2011). 

Front-end 

In previous literature, the front-end activities performed in NPD have been 

widely discussed (Murphy & Kumar, 1997; Koen et al. 2001; Koen 2004). The 

front-end activities, while associated with fuzziness, are often considered the 

key activities for success in the NPD process due to their ability to shape the 

future of the NPD (Koen et al. 2001; Koen 2004). According to Brun (2008), 
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fuzziness in the front-end entail ambiguity and uncertainty. Where ambiguity 

refers to the existence of more than one interpretation of one idea or concept, 

and uncertainty refers to the lack of information regarding the concept or idea 

(Daft & Lengel 1984). Nonetheless, the reduction of fuzziness during the front-

end is also associated with the NPD process success (Brun 2008).  Hence, the 

front-end is also seen as the phase where mistakes or problems can cause 

devastating damage to the whole process (Brun 2008; Kurkkio et al. 2011).  

Initially, the front-end begins with a recognition of opportunity (Koen et al. 

2001; Cooper 2014), and according to Florén and Frishammar (2012) ends with 

a deliverable product definition composed of several components. The key 

component of the product definition is typically a product visualization (e.g., a 

product concept), which may take form in a drawing, mock-up or a 3D-model 

designed with the aid of computer technology (Durmuşoğlu & Barczak 2011; 

Florén & Frishammar 2012). The concept, however, while delivered in a 

visualized form, provides a formal description of the idea alongside the technical 

and user features that provide customer usefulness. While product definitions 

may be unclear and thus uncertain to the extent to which it is not clear whether 

it should be pursued, Koen et al. (2001) argue that the deliverable of the front-

end should instead provide certainty and neglect diffidence. Therefore, the 

outcome entails a product definition that is rigid, stable, and thus has passed 

essential tests (Florén & Frishammar 2012). Moreover, the deliverable of the 

front-end phase, instead of contributing to fuzziness, should provide stability 

and ensure that the product is feasible (Koen 2004).  

According to Koen et al. (2001), one key factor for achieving such stability with 

a product definition is through the acceptance of main directly or indirectly 

involved actors. However, before the stable and rigid outcome is established, 

the actors of the NPD must perform several activities. Florén and Frishammar 

(2012) acknowledge the main activities as concept development, concept 

alignment, and conclusively concept legitimization. These activities are, 

according to Florén and Frishammar´s (2012) article, generally identical whether 

an idea or concept is developed.  

In business to business market where customizations towards customer needs 

remain high, ideas are generally created either through an identified market 

opportunity or customer demands. Although, ideas possessed by a single actor 

tend to never reach a final product in companies. Sharing these between actors 

involved in the NPD and other key actors increases the probability (Florén & 

Frishammar 2012). In the front-end, when ideas are decided for evaluation, the 
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actors involved begin a refining process where the idea or concept is translated 

into an actual product definition. While the refining process continues, a 

screening process evolves and works in the opposite direction. In previous 

literature, the screening process is widely discussed, and thus, its function (to 

evaluate product and concept ideas) is identified as critical for producing use 

value, feasible ideas, and ideas with originality (Magnusson 2009; Sukhov 2018). 

Simultaneously, the front-end actors align the idea or concept with the 

company’s strategy and ensure that the product fits the company’s portfolio and 

may be developed with existing resource possibilities (Koen et al. 2001).  Lastly, 

the idea or the product definition must be legitimized; otherwise, the idea may 

be neglected by actors in the company (Florén & Frishammar 2012). The 

legitimization process entails the process where the company accepts the idea 

to be developed into a product and therefore, continue to launch. The process 

itself is crucial, it hinders from pursuing ideas that are bad, hence saving 

unnecessary costs and time (Florén & Frishammar, 2012). Further, in the front-

end, ideas and concepts can be rather abstract and thus not clearly defined, 

which may cause ambiguity and uncertainty (Sukhov 2018). Accordingly, 

Sukhov (2018) argue that the presentation of ideas can determine whether an 

idea is perceived “good”. Thus, emphasizing the need for better presentations 

of concepts. 

Formal NPD 

While the front-end is defined as unstructured and associated with fuzziness, 

companies tend to integrate the front-end into the more formal and structured 

NPD process. Cooper´s (2014) Stage Gate process model has achieved great 

attention in previous literature, for capturing the vital tasks of the company´s 

NPD processes and structuring them in one model (Durmuşoğlu & Barczak 

2011). According to Koen (2004), the first two or three stages of the Stage Gate 

are in many companies utilized as the front-end phase as described above. While 

the well-established Stage Gate process provides a formal structure for 

companies to follow, Koen (2004) argue that the model itself is not able to 

capture the front-end activities. The formal NPD is a process after the front-

end where scoping, business and product development activities are performed 

with sequential decision gates between the activities. However, adopted Stage 

Gate models often vary depending on the context and the market (Cooper, 

2014). 

As an entrance to each stage in which the concept is developed further, gates 

act as checkpoints to control the process (Durmuşoğlu & Barczak 2011). At 
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each gate, the project or the concept is judged and evaluated. Here it is evaluated 

whether the project should proceed to the next stage or not. In order to perform 

this evaluation process, a set of unique deliverables dependent on the gate are 

required (Cooper 1990). According to Cooper (1990), the project leader’s role 

is to provide the required deliverables at each gate and ensure that stated criteria 

is achieved. When this is performed, the gatekeeper reviews and assess the 

quality of the deliverables (Cooper 1990). 

Each stage of the stage-gate model provides a set of suggested activities. Cooper 

(2014) argue that these activities are not mandatory since every project is unique. 

Companies can instead create their own set of activities in a more detailed 

manner, based on the project. The project leader’s role is, as mentioned, to make 

the project meet the gate’s criteria. The project leader is therefore in charge of 

what activities that should be performed, in order for the project to achieve the 

gate’s requirements (Cooper, 2014). The model that was introduced decades ago 

by Cooper (1983) was further developed in 2014. The latter model is illustrated 

in Figure 1 together with the fuzzy front-end phase. In 2014, the model was 

revised and updated, and while building upon previous models, it remains 

almost identical though overlapping of different activities has been added and 

therefore reducing the lead time (Cooper 2014). 

 
Figure 1: The Stage-Gate model inspired by Cooper (2014). 

Despite the massive research that the NPD models rely on, it is identified that 

companies constantly seek for improvement of existing processes. Sharafi et al. 

(2010) investigated the different approaches and initiatives in product 

development and emphasized the need for better information sharing. One 

noticeable initiative is the use of computer-aided technologies for enhancing the 

design and the product development stages (Hwan et al. 2009). Next: the 

knowledge perspective adopted in this study and the initiative of technologies 

are elaborated and presented. 

2.2. Knowledge-based perspective 

The knowledge-based view suggests that knowledge is an asset, a unique one 

that the company’s performance depends on (Grant 1996). According to Grant 
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(1996) and Yang et al. (2017), the performance of an NPD process depends on 

how well actors throughout the process can gain, share, integrate, and 

administer this knowledge from the company’s knowledge base. Throughout 

the NPD process, various actors actively participate in activities that require the 

use and sharing of knowledge (i.e., determination of customer requirements, 

concept design and evaluation and testing). Adopting a knowledge-based 

perspective enables the ability to understand further how different stages of the 

NPD process requires the participation of actors throughout the company.  

Instead of viewing the NPD process as the transportation from idea to market 

launch, the NPD process can, in terms of knowledge domain and with a 

knowledge-based perspective, be understood as a process of knowledge 

exchange between different actors (Kohlbacher 2008; Magnusson 2009; Yang 

et al. 2017). In previous literature, especially in innovation literature, the required 

knowledge for developing successful innovations are divided between the 

supply-side and demand-side (Magnusson 2009). The supply-side possess the 

knowledge regarding the technology and the technical aspects required for 

developing the new product or service. Whereas, the demand-side (customers) 

considers the users (e.g., customers) preferences and requirements, combined 

with the understanding of how the products or service create value for the user 

(Lüthje 2004; Magnusson 2009). The supply-side includes all actors that are 

engaged in supplying and producing a product or a service that the demand-side 

can benefit from.  

The idea of using two knowledge domains to distinguish between knowledge 

domains of firms and customers when describing the abilities to develop 

successful products or services is broadly used in previous literature (von 

Hippel, 1994; Lüthje 2004; Magnusson 2009; Sukhov et al. 2019). Using these 

two knowledge domains, use and technology knowledge enables a simplified 

way of describing idea generation, concept development, and product/service 

development. Consequently, both of these combined are recognized as 

important factors for the ability develop successful innovations (Sukhov et al. 

2019). 

In NPD processes of complex products, actors possess some form of problem-

solving information (technical knowledge). The technical knowledge refers to 

the information that an actor possesses that is needed to solve a problem or a 

part of a problem (von Hippel 1994). Actors that are involved in NPD 

processes, collectively work towards creating a new product and in order to 

solve a problem within a company, problem-solving information must transfer 
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between these actors (von Hippel 1994, Yang et al. 2017). This aligns with 

Magnusson (2009) study, where each innovation requires both the technology 

knowledge domain and use knowledge domain in order to fulfill the need of the 

customer. In addition, Suh (2005) characterize four domains of design in a 

dynamic view, illustrated in Figure 2, thus enlightening in what domains 

technology and use knowledge are needed. 

 
Figure 2: The domains of design development inspired by Suh (2005). 

The Customer domain, which is the first domain, contains the activities of 

identifying and defining the perceived customer needs (customer attributes) 

(Suh 2005), thus requires use knowledge to gain understanding of the situation 

and the need to resolve it (Lüthje 2004; Magnusson 2009). These customer 

attributes are then, in the Functional domain, translated into functional 

requirements and constraints which are the engineering specifications. In the 

Physical domain, the design parameters are created to satisfy the functional 

requirements. Moreover, the manufacturing process variables are specified in 

the Process domain. Thus, making the design parameters producible (Suh 2005). 

Technical activities provided by Suh (2005) highlights the need of technology 

knowledge to solve a problem within the domains (Lüthje 2004; Magnusson 

2009) in the three latter domains of product design. However, the translation of 

the requirements from each of the three latter domains to another requires an 

understanding of the previous domains needs and preferences (Suh 2005), use 

knowledge. Accordingly, both use and technological is needed in all domains, 

prior domains can, with Suh´s (2005) dynamic view, be viewed as customers to 

the next domain. Contributing to this, Sukhov et al. (2019) state that solutions 

to problems (e.g., products) require technical knowledge in order to be 

produced, such as factual, the knowledge regarding the problem and the 

resources that are required, and procedural, the knowledge about the method of 

how the problem could be solved.    

von Hippel (1994) suggests that the transfer of information from one actor to 

another comes at a high cost. Therefore, companies should invest in partitioning 

the work and creating a more seamless transfer for problem-solving information 
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(technology knowledge). Further, von Hippel (1994) argues that when several 

actors possess a piece of the technical knowledge required to solve a problem, 

the problem-solving tends to iterate between these actors rather than 

collectively used at once. Thus, causing the cost, time, and complexity of the 

problem-solving to increase and therefore causing the project to follow the same 

pattern. According to von Hippel (1994), sharing technical knowledge between 

actors may be rather difficult. Difficulties arise since the knowledge must 

transfer between individuals or groups of actors. Yang et al. (2017) contribute 

by arguing that specialized or in-depth technical knowledge requires more effort 

in order to be shared. According to von Hippel (1994), this is determined by 

how resistant the information is in terms of transfer between actors.  

Lehtonen (2014) study motivates how knowledge can be transferred by visual 

communication between actors within a firm, argued that “everything we see 

and communicate visually is intrinsically connected to knowing: to know is to 

see, and to see is to know” (Lehtonen 2014 p. 38). Visual communication is the 

form of communication which relies on elements and non-textual cues, such as 

models and prototypes (Lehtonen 2014). This can be illustrated in three 

dimensions: two-dimensional visual data, three-dimensional visual data, and 

lived and living visual data (Emmison 2011). Lehtonen (2014) argue that objects 

and artifacts does, however not contain knowledge, instead, they enable 

knowledge to emerge, together with actors. Previous scholars identify various 

technologies that can enable knowledge sharing and integration (Song et al. 

2007). Next, VR is elaborated as a technology for enabling visualizations of 

concepts and products. 

2.3. Visualization technologies  

Visualization technologies entail technologies that enable the possibility to 

provide a visual representation of a product or a concept. In this section, three 

different visualization technologies are presented, differentiating in the 

dimensions stated by Emmison (2011): CAD-systems (three-dimensional), VR 

(lived and living visual data in a virtual environment), and physical prototypes 

(lived and living visual data in a real environment). 

Prototypes 

Prototypes are widely used in the NPD process and have great importance 

based on their impact on process performance (Liker & Pereira 2018). Using 

prototypes in a repetitive, efficient, and extensive manner is seen as a vital 
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activity in the process of developing new products (Zorriassatine et al. 2003). In 

general, prototypes act as tools for verification in the process of product 

engineering, and can be used in both earlier and later stages of the NPD process 

(Elverum & Welo 2014).  

Firms can create multiple, customer-ready prototypes before choosing a 

particular concept to which be developed further (Srinivasan et al. 1997). In the 

later stages of the NPD process prototypes can demonstrate how ready the 

product is, which can be used to determine if the product can move into the 

production stages (Elverum & Welo 2014). Elverum and Welo (2014) further 

argue that prototypes also can be seen as a facilitator for both internal and 

external communication, where prototypes can be used as a powerful tool to 

influence different stakeholders. In terms of internal communication, 

prototypes can, therefore, be used by individuals and teams to sell their concept 

ideas within the organization (Elverum & Welo 2014).  

In general, prototypes can be either real physical mock-ups, ranging from 

conceptual prototype such as rapid prototype to fully functional prototype, or 

virtual representations of the product. Virtual prototypes are often the type of 

prototype which the development process begins with, later, the virtual 

prototype transformed into a physical state (Liker & Pereira 2018). Virtual 

prototypes can be created and viewed in CAD-systems, which combine 

computing power and sophisticated computational methods and models of 

physical phenomena and are represented as three-dimensional digital models 

(Zorriassatine et al. 2003). These prototypes can be built and tested faster than 

physical models. Since no production cost is present, the only expenses are the 

engineering time and computer resources. It is therefore argued that virtual 

prototypes can reduce development time and cost, compared to physical 

prototypes (Liker & Pereira 2018).  

Virtual Reality 

In the present, the research field of VR is flourished of both industrial and 

academic contributions of both technical innovation and experience-based 

insight knowledge (Berg & Vance 2017). It is today argued that virtual reality 

has reached the plateau of productivity by promising great benefits in the 

industrial field (Wolfartsberger et al. 2018). As a result of the technological 

development and productivity in industries, tools such as computer-aided 

design (CAD) and rapid prototyping are no longer used exclusively in the design 

process. Instead, VR has arisen as a new type of prototype. (Lorenz et al. 2016). 
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Feeman et al. (2018) state that classical CAD-software is limited to interfacing 

with the user through computer screens, mouse, and keyboard. VR, which 

facilitates for more interactive user experience by its immersive environment, 

has therefore been explored to aid the process of reviewing CAD models within 

the NPD process (Bourdot et al. 2010). VR in previous literature is defined as 

following: “the use of computer-generated virtual environments and the 

associated hardware to provide the user with the illusion of physical presence 

within that environment” (Jayaram et al. 1997 p. 578)  

Feeman et al. (2018) studied VR to evaluate the feasibility of prototyping in VR. 

They concluded that modeling in virtual reality is possible and that there are 

some benefits compared to CAD systems; increased enjoyment, potential for 

accelerated or elevated creativity and ideation, a reduction in obstacles for 

adding features, improvement of sense of the models’ scales and increased 

workplace physical activity (Feeman et al. 2018). Feeman et al. (2018) further 

argued that virtual reality, however, needed further development in order to 

replace the traditional CAD systems in the process of modeling. Further, 

another positive aspect of using VR is the ability to provide prototypes (Mujber 

et al. 2004), without creating physical, cost and time expensive, mock-ups of the 

models (Feeman et al. 2018). 

De Silva et al. (2018) suggests that the use of virtual reality may be used for 

reducing the need for physical prototyping and concept creation. Thus, reducing 

the costs of these stages and making them more effective. De Silva et al. (2018) 

also discuss the use of virtual technologies as a means for future reduction of 

cycle times of NPD processes. The researchers further discuss the use of these 

technologies as a means for reducing waste throughout the NPD process and 

therefore, achieving a more sustainable process.  
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3. Method 

In this section, the outline of the research design, strategy, data collection, and data analysis 

are presented and further elaborated. Firstly, the research design of this thesis is described and 

motivated. In this section, the analytical steps are described and illustrated for the reader to 

follow. Then, data collection methods are discussed, where each step of the data collection is 

elaborated. Furthermore, the authors present the specific data analysis steps so that the reader 

can fully grasp and understand the analysis. Lastly, trustworthiness and ethical considerations 

are discussed.  

3.1. Research Design 

In order to investigate the NPD process of highly technological advanced 

products and VR as a visualization tool, this study adopts a qualitative research 

method. Since this is a fairly unexplored area, an exploratory approach towards 

the discovering of VR as an aiding tool throughout NPD process was adopted. 

Instead of achieving generalizable statistical results, this thesis goal is to achieve 

rich, in-depth qualitative data from the complex NPD processes of 

organizations. Accordingly, a case study approach was selected due to its ability 

to enable researchers to gain access to rich qualitative data of in-depth insights 

within a context, and for its flexibility (Gray 2017). This was a prominent choice 

of method, based on the lack of present research (Gray 2017) in the area of VR.  

As a case study is performed, it could be argued that a deductive approach could 

be applied, testing the significant impact of VR technologies in the focal 

company’s process. There is, however, a lack of studies implying in what specific 

settings and context VR should be used. It could also be argued that an inductive 

approach would be fruitful for the purpose of the study since an inductive 

approach, which relies on grounded theory techniques, aims to systematically 

generate theories from collected data, and help by forming explanations (Dubois 

& Gadde 2002). 

By performing systematic combining with an abductive approach, a middle way 

is achieved. This, by acknowledging the fundamentals of the existing framework 

of NPD (e.g., Cooper 1983; Koen 2004; Cooper 2014), and adopting a 

knowledge perspective, which enabled development of new theory contributing 

to both literature of NPD and VR.  

This was achieved through a continuous iterative interplay between empirical 

observation and theory, thus refining and expanding already existing theories, 

enabling traceability throughout the research process and analytical steps 
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(Dubois and Gadde 2002). Figure 3 illustrates the analytical steps of this study 

and how the research evolved through the systematic combining process. 

Further, in Figure 3 the transition from the initial research focus is present, so 

that the changes may be followed and understood. 

 
Figure 3. The analytical steps of the systematic combining approach influenced by Huhtala et 

al. (2014). 

Initially, in the first step, the aim was to review existing literature and frame the 

complex NPD process. Therefore, as the research began, the researchers made 

observations in the NPD process of the case study. Thus, providing an initial 

elaboration of the NPD process as a three-phased process including the Stage 

Gate model (Cooper 2014). Then, after reviewing previous literature and 

scholars, the theoretical framework of NPD and VR started evolving. 

Simultaneously, present studies of VR were collected, enlightening current state 

of the technology as a visualization tool.  

The initial In-depth semi-structured interviews with system and part-system 

managers were performed simultaneously as the observations continued. Thus, 

enabled the understanding of problem-solving information and knowledge 

sharing throughout the NPD process, and how it contributes to challenges in 

decision making activities. 

Before the research focus was established, the researchers reviewed the 

transferability of problem-solving information by interviewing actors involved 



22 

in the same project group and other departments. Thus, enabling the researchers 

to provide an understanding of the NPD process as a knowledge sharing 

process between multidisciplinary actors. The process could instead be 

understood as a multi-actor process with heterogeneous in-depth knowledge 

domains. 

Through iterations between the theoretical and the empirical world, an 

understanding of how knowledge is shared could be established. The late 

interviews with a VR expert and practitioners provided insights into the focal 

company´s existing process, enabling the further establishment of the NPD 

framework. 

Through these analytical steps, the authors were enabled to investigate existing 

visualization technologies (e.g., prototyping, rapid prototyping, CAD - systems), 

the function of these technologies, and their adoption. Further, it was 

discovered, that visual representations of concepts and products were crucial 

when sharing problem-solving information (technical knowledge), thus 

indicating that knowledge could be shared through visualizations (Lehtonen 

2014). These analytical steps shaped the study towards the research focus of 

how VR applications could aid the NPD process. 

The data for analysis was mainly collected through in-depth semi-structured 

interviews with experts and actors involved in the NPD processes. Further, the 

context of this study enabled the researchers to contribute with data from 

observations in the context of the focal company´s NPD process.  Thus, 

enabling triangulation of the multiple sources of data (Bryman & Bell 2011).  

3.2. Case study 

Since this thesis investigates a fairly new and poorly investigated area, virtual 

technology as a knowledge communicative tool in NPD, it is of high necessity 

to contextualize and discover the possibilities of virtual technologies in NPD. 

Therefore, the authors seek to answer questions as “how” and “why” in an 

actual NPD process, the suitable approach is the case study, where non-

controllable events that occur are investigated by observations and interviews 

(Yin 2011). The combination of observations and interviews, enabled a data 

collection with triangulated insights, which provided great evidence and 

trustworthiness for the research (Yin 2011). 

The company chosen for this case study was an international Swedish company 

that actively develops new, highly advanced technological products for the 
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defense and security sector. The company previously investigated the ability to 

use VR as an enabler for operators of their products. However, since virtual 

technologies have advanced, the company is looking for other ways to use the 

technology and benefit from it. The company suits the case study, based on its 

well developed and documented NPD process with the characteristics of being 

complex and containing many departments and actors possessing expertise 

knowledge, enabling the authors to gain rich insights of the NPD characteristics 

through observations and in the perspective of experienced actors.  

Prior to the case study, the focal company implemented VR for product 

development purposes, thus allowing the thesis to collect experience and 

opinions regarding the technology. 

3.3. Data collection 

The data for this study has been collected in an iterative motion between semi-

structured interviews, observations, and literature as data sources. The interview 

methodology for collecting data is one of the most common approaches in 

qualitative research, for its ability to provide in-depth insights while maintaining 

flexibility (Bryman & Bell 2011; Grey 2017). In case of this study, this is 

desirable since a systematic combining approach is adopted, where flexibility is 

a necessity due to the interplay between theory, data collection and redirection 

(Dubois & Gadde, 2002) In order to gain access to data which is not based on 

the answers provided by the interviewees, observations were made by the 

authors which derived data directly from occurring activities within the NPD 

process (Bryman & Bell 2011). Thus, allowing the authors to combine two data 

sources. 

3.3.1. Sampling 

In order to gain access to the relevant data and perform interviews that aligns 

with this thesis’ aim, a purposive sampling strategy was adopted, where the key 

participants were strategically identified by their involvement in the studied 

subject (Bryman & Bell 2011; Grey 2017), the NPD process. Thus, easing the 

investigation of the specific phenomenon of interest, VR as a communicative 

tool in NPD, by allowing the authors to purposively identify and select useful 

interviewees (Bryman & Bell 2011; Grey 2017). Following this approach, the 

key participants were purposively selected based on their knowledge regarding 

the phenomenon. It was of desire to find participants, with high experience so 
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that data which may be considered useful for this study was not neglected 

(Bryman & Bell 2011; Yin 2011). 

Due to the extensive number of actors in the focal company´s NPD process, 

the purposive strategy was carried out to identify participants with 

heterogeneous knowledge about the products developed, regarding both 

experience and field of expertise. It was of further desire to find useful key 

participants on different levels, based on the Stage Gate NPD process model, 

gatekeepers (system managers and part system managers) and actors involved 

prior and subsequent to the gates (engineers).  

However, sample size was limited due to time constraints, the size of the sample 

was redundant enough to achieve data saturation, which is essential in research 

(Yin 2011, Bryman & Bell 2011). Furthermore, the sample was complemented 

with an external actor, a VR expert, in order to provide, further, in-depth 

insights of VR as a technology. Accordingly, the sample resulted in 11 

participants, presented in Table 3. 

Table 1: The sample and their corresponding roles in the focal company. 

 

3.3.2 Observations  

Esterberg (2002) argue that in qualitative research, the researchers are in fact, 

the instrument for performing the research. In this study, the researchers were 
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based in a focal company closely to the company´s NPD while performing the 

research. The author´s field settings enabled the possibility to closely observe 

activities and events in a focused way, within the NPD and the usage of VR, 

aligned with the aim of the study (Esterberg 2002). Thus, enabled the authors 

to effectively collect data from the field in a natural way, rather than asking 

specific questions (Bryman & Bell 2011). 

The authors of this study performed non-participant observations. By simply 

observing rather than participating in activities, the observed participants did 

not change their natural behavior (Esterberg 2002). Further, notes of the 

observations were taken after observing as the notetaking was perceived as 

inappropriate by the authors during the activities. The activities observed 

consisted of meetings between actors in the NPD process and daily activities of 

engineers in the front-end phase.   

3.3.2. Interviews 

To gain rich and qualitative data when conducting the exploratory research, 

interviews were performed (Grey 2017). Since the aim of this study was to gain 

insight from a specific field of the NPD process, a semi-structured interview 

technique was adopted due to its ability to enabling probing towards a certain 

topic, thus ensuring that the data aligned with the aim (Bryman & Bell 2011). 

Furthermore, the semi-structured approach enabled the authors to carry out 

questions that were not planned for. Therefore, the flexibility to adapt to the 

interviewees’ responses and possibility to gain new insights remained (Bryman 

& Bell 2011, Grey 2017).  

Bryman & Bell (2011) further argue that in cases where more than one person 

is active in collecting data for the research, the ideal proposed technique is the 

semi-structured. This, to ensure consistency throughout the data collection.  

In total, 11 interviews were carried out with the semi-structured technique and 

open-ended questions to enable new insights to emerge (Grey 2017), data was 

collected from actors involved in the NPD process, and complemented with an 

external actor. With a length of 40 to 80 minutes, the interviews provided 

approximately 11 hours of recordings. The semi-structured interview guidelines 

(Appendix I) were established from the authors analysis of the literature and 

anchored in the theoretical framework. The aim with the interviews was to gain 

access to in-depth data from the focal NPD process, its phases, challenges, the 

interviewees’ VR experience, and knowledge exchange processes. Initially, all 
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interviews began with an overview of the existing NPD process and its 

challenges. The interview topic then transitioned to different technologies used 

for enabling the process and their acceptance in the organization. Further, the 

interview then transitioned to the usage of prototypes and their affection in the 

NPD process. Thus, enabling the interview to evolve to the exchange of 

knowledge from different actors throughout the NPD process. Lastly, the 

interview participants were asked about their perception of VR and their 

experience of the technology. However, some participants lacked experience of 

VR, while others were experts in the field of VR.   

3.4. Data Analysis 

As the thesis searched to explore new insights in the field of NPD, the analysis 

method of the Gioia methodology was performed since it allowed the authors 

to generate concepts in a systematic approach while maintaining qualitative rigor 

(Gioia et al. 2012). (Gioia et al. 2012). By doing so, a data structure enlightening 

the desired findings was found. Initially, all recorded data was transcribed to 

enable the researchers to perform an analysis. The researchers transcribed the 

data manually, resulting in 171 pages of double-spaced text. Further, the 

transcription was double checked by the researchers to ensure consistency (Grey 

2017).  

As the interviews were transcribed, the actual process of analysis could be 

performed. First, the first-order of concepts were generated. This, by creating 

concepts of the data, based on more informant terms (Gioia et al. 2012). In 

order to ease the understanding of the generated concepts, a rough 

categorization was performed, placing concept under suiting topics. As the set 

of first-order concepts generated an overwhelming number of 276 concepts, 

another iteration was performed where the concepts were filtered and combined 

into more information condense concepts, resulting in a final set of first-order 

concepts. From this set, a more abstract understanding was achieved, and the 

different levels of concepts could be combined into ten themes of the second-

order (Gioia et al. 2012). These themes act as patterns found in the concepts 

that organize and describe the possible observations that interpret aspects of 

the studied phenomenon (Guest et al. 2012). Moreover, did the themes provide 

a larger narrative of the information potential of answering raised issues (Gioia 

et al. 2012). The themes enable this thesis to combine a wide variety of types of 

information in a systematic way to increase the accuracy in when interpreting 

and understanding the valuable observations (Guest et al. 2012). Out of the ten 
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themes, one aggregate dimension emerged. This dimension allowed the 

complete data structure to arise. By cycling through the data structure findings 

can be identified, and new concepts were developed (Gioia et al. 2012). 

3.5. Ethics 

In this section, the ethical considerations are presented, an important aspect of 

every research being conducted since it regards the people being researched 

(Bryman & Bell 2011). Bryman and Bell (2011) discuss and argue at least four 

main aspects that any business research should consider; harm to participants, 

invasion of privacy, lack of informant consent, and whether deception is 

involved. 

In order address these factors and to avoid ethical issues and collisions, several 

actions were taken. First, all participants in the study were informed about the 

aim of the thesis, on how, and what the data would be used for. The participants 

were also informed that the interview might end at any point if they would desire 

it. Furthermore, the participants were presented the transcriptions of their 

interviews so that they could verify the correctness. In addition, all participants 

were anonymous and were given any amount of time to answer the questions, 

and to pass if they felt insecure. All these actions were taken in order to avoid 

ethical issues and to ensure that the participants would not feel insecure about 

participating in the study (Bryman & Bell 2011).  

3.6. Trustworthiness 

When performing any research, the value of the research reflects and refers to 

the extent the research may be perceived as reliable, valid, or trustworthy. 

Amankwaa (2016) argue that research, where these considerations have not 

been acknowledged by the researcher, is usually not worth paying attention. 

Amankwaa (2016) further argues that in order for research to be considered 

reliable and trustworthy, the researchers must provide evidence and arguments. 

Furthermore, Lincoln and Guba (1985) argues that the researchers may 

strengthen the value of research by addressing the trustworthiness of the study. 

Bryman and Bell (2011), and Lincoln and Guba (1985) provide four main 

criteria for achieving and establishing trustworthiness: Credibility, 

Transferability, Dependability, and Confirmability.  

The first criteria, Credibility, entail the extent the findings of the study match 

with preexisting theory (Bryman & Bell 2011). In this thesis, credibility is 

achieved by theoretically grounding the second order codes and through data 
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triangulations of data from interviews and observations, thus emphasizing for 

internal validity is about the consistency between the observations of the 

researchers and the theory (Bryman & Bell 2011). 

Transferability entail showing the readers that the findings may be applicable in 

other context and cases (Bryman & Bell 2011; Amankwaa 2016). Accordingly, 

the thesis provided the readers with an extensive description of the details in 

the methodological approach, analytical steps, the findings and the conclusions 

drawn, thus allowing the reader to evaluate if the study can be applicable to 

other contexts (Bryman & Bell 2011; Amankwaa 2016). Further, by providing 

information about the settings, material used, and the reactions through the data 

collections, the readers are provided the main details so that an understanding 

can be established (Bryman & Bell 2011).  

Dependability was achieved by providing the readers with a well-detailed 

research process and arguments for every step grounded in literature, ensuring 

a high level of replication (Amankwaa 2016). This study is conducted by two 

researchers, and therefore, the risk of being shaped by a researcher is reduced. 

Furthermore, by using data triangulation the confirmability remains high 

(Lincoln & Guba 1985; Bryman & Bell 2011). 
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4. Findings 

In this section, the findings from the data analysis are presented. Initially, the reader is 

presented a data structure, which illustrates how the findings have emerged from collected data. 

Then, a description of each theme found is provided with quotations from raw data. Finally, 

interpretations of the findings are presented. 

The exploratory analysis was performed to identify findings in the qualitative 

data regarding the research question. In the process a data structure emerged, 

from the analysis of the collected data, related to the subject of the thesis. By 

developing concepts of first-order from the informant terms of the interviews 

and relating them to collective themes of second-order, an overarching 

dimension of NPD emerged, enabling theoretical insights related to the research 

field of NPD. This dimension and its related themes are presented as a data 

structure in Figure 4. 
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Figure 4: Data structure of the aggregate dimension NPD, inspired by Gioia et al. (2012). 

It is acknowledged that the presented themes do not interplay as 

straightforward, as suggested by the figures. It is identified that some 

characteristics of the concepts were recursive, even though they occurred in 

different contexts related to different themes. In order to ease the understanding 

and clarity of explanation of the data structure, the emergent dimension’s related 

themes are elaborated individually in separate sections in tandem with related 

quotes, followed by interpretations acknowledging their complexity and 
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interactivity. Conclusively, findings regarding VR are presented which are not 

included in the data structure. These are presented in companion with the 

interpreted findings. 

4.1. NPD 

As the interview participants were selected based on their role in the focal 

company’s NPD process, it was of interest to analyze their opinion and view on 

the process. Out of all the concepts touching the field of NPD, aligning 

concepts could be filtered and combined into 25 more information condense 

first-order concepts capturing the insights of the NPD process which occurred 

recursively, as illustrated in Figure 4. 

Formal Process 

From the data analysis, the formal process emerged as a theme, acknowledging and 

describing the formalities of the NPD process. First, the NPD model is a very 

large, complex body, which had to be followed in order to achieve high product 

quality. This is explained well, by interviewee 1: 

It is a detailed process which have to be followed in order to 

achieve needed quality. Some may argue that there is too much 

to be done in the process, but it is hard to remove any steps 

without losing critical parts. 

Aligning with the importance of following the NPD model, it is acknowledged 

that the process also is driven by the NPD model. This by being driven by 

verification of requirements, which is the main component of the NPD process. 

Moreover, related to the formal process, meeting acts as a facilitator for 

verification of the requirements, where the different actors and departments 

interact with each other. Besides the NPD process being complex, it is 

addressed that it does not capture the way of working. Thus, indicating that the 

actual process is more dynamic and not as structured as the formal NPD model 

suggest, since projects vary in costs, size and time. Instead, it was used for 

aligning work and verification, which is explained well by interviewee 4:  

We have our process to develop products with verification and 

requirements. It acts as a foundation for our company and our 

work. 

Early concepts 

From the analysis, emerged the theme of early concepts, based on the importance 

of early concepts and the identification of the right one. It was stated that the 
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early concept defines the latter stages of success and problems associated with 

them. The early concept allowed for the identification of crucial problems. 

Thus, reducing costs by reducing problems later in the problems, which is 

highlighted as crucial. Related to the concepts, an important activity of the NPD 

process was identified, the activity of prototyping. Based on its importance in 

the process, and especially in the concept phase, conceptual prototypes were a 

recursively occurring concept when mentioning the concept phase, where it was 

found that prototypes are used to evaluate and verify the design, construction, 

and ease of assembling of the concepts. It is acknowledged, that prototypes in 

the concept phase ease the understanding and communication of technical 

aspects. This is well exemplified by interviewee 3, with the following quote: 

Conceptual prototypes ease the sharing of technical aspects of 

the products. For example, a plastic detail developed by 3D 

printing can be shown. 

There are, however, drawbacks with using prototypes, the costliness and 

required time of producing them. This drawback results in a lack of prototypes 

since the projects are limited in time and money. Thus, having a negative impact 

on the NPD process’ performance since prototypes ease the detection of errors 

in the product/concept, compared to CAD-systems. Moreover, as early fault 

detection reduces costs, the importance of early concepts, and them being 

prototyped more in the conceptual phase is motivated. This is well explained by 

interviewee 4, with the following quote: 

Making prototypes ease the fault detection. If a fault or defect in 

a concept or product is detected earlier, the costs for fixing it 

are much lower [...] if that fault reaches the production then the 

costs are extremely high and time consuming [...] when 

comparing the fixing costs of early and late detection, the costs 

of early fixing seems close to nothing. The costs grow with the 

stages. 

Ambiguity 

From the analysis, it could further be found that there is ambiguity within the 

process, regarding interpretations of different information, therefore arguing for 

a second-order theme of ambiguity to emerge.   

It is acknowledged that the overall view of the focal process differentiated 

continuously throughout the different interviews. Analyzing the differentiating 

views of the process, could it, therefore, be found that there is ambiguity 

throughout the process, regarding how its formal stages and activities are 
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interpreted. Moreover, departments view concepts and products from different 

perspectives, causing misinterpretations during meetings. These 

misinterpretations lead to uncertain decisions during meetings and an overall 

uncertainty during the process. Thus, leading to bad decisions and an increased 

number of mistakes. This phenomenon was specially addressed in relation to 

the interactions between production and R&D, stating that the R&D 

departments had a hard time understanding the practical aspects of the products 

and concepts. Meanwhile the production had a hard time grasping the 

theoretical aspects. These differentiating interpretations of problems may cause 

faults in projects and products, such as low degree of producibility, ease of 

service, and other practical aspects. This was well exemplified by interviewee 6, 

with the following quote: 

It can sometimes evolve problems when people from my 

department are too theoretical, they believe that everything 

theoretical works. It goes like this:” No this should work, 

because the papers say so […]”. [… ]  It can then be hard to 

make the people in the R&D department to understand. Just 

because CAD tells them that it should work. [..] It can get tense 

in these meetings […]. 

Decision-making 

Acknowledging the findings of the NPD process being driven by verification 

during meetings, could the theme of decision-making emerge, enlightening the 

activity of taking decisions in the verification meetings, where the gate-keeper 

(system manager) acts as the main decision-maker. First, the involved actors 

have too narrow perspective when taking decisions and evaluating the products, 

causing them to miss the whole complexity of the system and its context. This 

was well explained by interviewee 4: 

It is easy to focus too narrowly on a problem and only thinking 

about your own component and not consider the whole context 

and the system that it will fit on. 

During many of today’s meetings, where decisions are made, CAD-systems are 

used to visualize the faults and ideas. However, as this technology lacks in 

multiple ways, understanding of aspects is hindered during the meetings. This 

by not providing the needed perception of reality when analyzing models, 

making it hard to evaluate practical aspects such as accessibility and ease of 

assembling. Moreover, large systems can get even harder to evaluate in CAD-

systems, where the interpretation of the model is hindered by the complex 
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visualizations. This was explained well by interviewee 3 with the following 

quote: 

With CAD - models, you do not get a perception of reality or a 

perception of the product [...] nor can you evaluate accessibility 

and assembly [...].   

In comparison with CAD-systems, prototypes were acknowledged by their 

benefits of easing decision-making during meetings. More concrete, they create 

opportunities of picking the right concepts with better accuracy, when 

evaluating which concept to proceed with. 

Knowledge asymmetry 

By performing the analysis, it could be found that the focal company’s process 

involves actors with a high degree of knowledge asymmetry. First, all actors within 

the departments do not possess the same amount of knowledge. Moreover, the 

projects involve many different departments with specialized expertise. As the 

departments have different areas of expertise, they possess differentiating 

knowledge regarding different aspects, creating a need for integration of 

departments to gather their perspectives. This is explained by interviewee 4, with 

the following quote: 

Many actors involved in the projects have opinions. It is 

important to gather all the input from every actor and evaluate 

the feasibility of their idea. [...] We have different expertise, it is 

not possible to know everything. It is therefore all about sharing 

technical aspects with each other. 

As the knowledge asymmetry influence the NPD process, one knowledge 

asymmetry was highlighted extra recursively, the knowledge difference between 

production and R&D. The R&D lacks practical knowledge which is possessed 

by the production. Moreover, the production lacks the theoretical knowledge 

which is possessed by the R&D department. This creates problems in the NPD 

process, by creating misinterpretations. Moreover, in the concept phase, these 

knowledge asymmetry cause difficulties in the concept phase when creating 

early concept prototypes. This appears since the production does not possess 

the knowledge to create conceptual prototypes, without frequent input from the 

R&D department. Meanwhile, the R&D department does not possess the 

knowledge to create producible concepts, without communicating with the 

production. 



35 

 In the early stages, all the necessary information for 

producing prototypes is not gathered, therefore prototypes in 

the early stages are complex […] it would be easier if you could 

send a CAD - model to the production and get a prototype back, 

but much more information through communication is required. 

[…] When creating prototypes all the information must exist 

otherwise no one will be able to produce it. 

Lastly, there is a knowledge asymmetry regarding the knowledge of CAD-

systems. Here, actors with a low degree of experience regarding CAD-system 

usage, have a hard time understanding the displayed model, motivating the usage 

of prototypes based on its characteristics of being easy to understand.  

Communication barriers 

Next, the second-order theme communication barriers emerged, which refers to the 

obstacles of communication between actors within the company. First, there is 

a lack of communication, between actors and departments, during the activities 

and stages of the NPD process, as the actors work separately with a low degree 

of cross-functional meetings. It is, therefore, a great need of earlier integration 

of the departments, and its actors, based on their interdependencies. The reason 

causing this hindered communication was the following barriers. First, the 

knowledge asymmetry caused both difficulty of communication and low 

frequency of communication. This is explained by interviewee 6: 

Interview 6: It is difficult to communicate and discuss technical 

stuff with other departments mainly due to differences in how 

we perceive the technical stuff […] we should communicate and 

have meetings more often between other departments 

Another identified communication barrier is the usage of CAD-systems, which 

have been recursively mentioned with its disadvantages. CAD-systems as a tool 

for communication during meetings, result in meetings of low degree of 

communication where the actors focus on their own computer and 

communicate through screenshots. Simultaneously, as some actors have a hard 

time understanding the communicated knowledge, as previously mentioned in 

the theme of knowledge asymmetry. 

In contrast, prototypes can aid communication during meetings, as a substitute 

for CAD-systems. This is well explained and further described by interviewee 

6, with the following quote: 

Prototypes would help communicating technical aspects and 

understanding the actual product between the group, and even 
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more with other departments. There is a need for better 

communication between departments such as mechanics, 

production and electronics, earlier in the process. For example, 

mechanics could show a model, and electronics might propose a 

problem with it, such as” no, that electric cable will get to hot”, 

and production might say” that electric cable will not fit, it is 

too thick”. Mechanics can then propose a solution and develop 

a new model. This type of communication would be profitable to 

have in the concept phase. However, when using CAD - models 

for communicating such aspects, it is extremely difficult if the 

other part does not have any experience.  

Which further exemplifies a situation where communication of different 

knowledge is used in order to address and solve a problem. 

Besides ease of communication being important based on the knowledge 

asymmetry and actors thinking in terms of their own knowledge, 

communication between the different departments and actors are crucial in 

order to achieve the required product quality through fault detection. 

Technological acceptance 

The last second-order theme of the NPD dimension is the theme of technological 

acceptance, which refers to the findings regarding the interviewees’ opinion on the 

implementation strategy of new technologies within the firm. First, new 

technology has to be perceived as user-friendly by the users. It was found that 

the usefulness was achieved through the visible economic benefits with 

implementing the technology, which interviewee 3 state as following: 

New technologies are useful if it can result in economic 

profitability, and therefore have a positive effect on the process. 

Meaning that economic benefits must be well defined in order to replace 

existing and invest in new technologies. Lastly, regarding implementation, new 

technologies have to be carefully tested, before being applied in the actual 

process. This is well exemplified by interviewee 7, when reflecting on a previous 

implementation: 

It was implemented completely wrong. It was directly 

completely implemented and then tested. […]. A test group has 

to try the technology in real cases before releasing. 
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4.2. Interpretation of findings 

Reflecting on the findings, the following statements could be done. First, it was 

acknowledged that ambiguity occurs during the process of developing new 

products, where the main reason for it was identified as the knowledge 

asymmetry between the actors within the departments, but even more, between 

the actors of the different departments. It was further acknowledged that these 

ambiguous interpretations during the process led to faults regarding the product 

and especially in the early concepts, resulting in large expenses throughout the 

whole process. Thus, motivating a need for improvements in the process. 

Acknowledging the asymmetry of knowledge, communication was addressed as 

a remedy to improve the sharing of knowledge with the potential of reduced 

ambiguity within the process.  

Today, the problem-solving information was mostly facilitated communicated 

during meetings, where CAD-systems were mainly used as a communication 

tool, and decisions regarding verification of developed solutions were made. 

These meetings were however insufficient regarding communication and 

decision-making, argued that knowledge asymmetry and CAD-systems caused 

misinterpretation, as it hindered actors to gain an understanding of other actors 

communicated information. Thus, making the decisions-making low in 

confidence and ineffective. Prototypes were however, addressed as a helpful 

tool regarding the presented issues. It was argued that prototypes could aid the 

meetings by easing the understanding of the product/concept, leading to better 

communication and decision-making. Thus, it was found that prototypes eased 

the interpretation of practical aspects such as assemblage and service. 

Prototypes were, however not used in full extent, based on the short time-frame 

of the project and the high production cost of the prototypes. As a result of the 

findings and its interpretations, VR could be applied in comparison with the 

pre-existing technologies of prototypes and CAD-systems, with the purpose of 

easing the identified problems in the NPD process.  

According to the interviewees, VR had great potentials to ease the highlighted 

problems. First and foremost, it was identified that this positive response was a 

result of the immerse experience, generating a good perception of the reality of 

the product both visually and in regard to size. As the interviewees explained 

their experience in the immersive environment of VR, multiple uses of the 

technology emerged. VR was perceived as a great tool for analyzing and 

evaluating accessibility, fitting order and construction order, based on its high 

degree of size perception and intractability.  
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Moreover, several respondents argued that VR could be used instead of 

prototypes in some cases, where larger prototypes are needed. Lastly, it was 

mentioned that VR could replace conceptual prototypes when evaluating 

concepts at meetings. Interviewees believed that this could increase the 

communication of technical knowledge shared between the meetings’ 

participating actors. This is exemplified well by the following three quotes from 

interviewee 4, 6, and 10: 

It gave a great sense of reality and a lot of what you need to see 

in evaluation meetings was possible to identify. 

The communication between the departments would be better 

with virtual reality. A lot better. It would go faster. 

If you have not worked that much in CAD, it is easier to use 

virtual reality than CAD. I believe that it would be very useful 

when using it in order to gain a better understanding of the 

product, to understand what possibilities and limitations there 

is. I further believe that it would be a great tool to use between 

the actors within the team. […] I believe that would be great to 

use it in order to exchange thoughts with each other. It would be 

nice to get help from each other by showing models in virtual 

reality. 

It could, therefore, be argued that there are potential benefits of VR as a 

substitute to pre-existing tools (CAD-systems and prototypes), regarding the 

stated issues of the process. Analyzing the theme of technological acceptance, it 

could, however, be acknowledged that a new technology such as VR, has to be 

carefully implemented. Further, was it addressed that economic benefits define 

the usefulness of the technology.  

Although, VR highlighted potential intangible benefits it was also identified as 

a costly investment. In order to address this issue, an additional analytical step 

was made. In this step, the economic benefits of VR technology could be 

calculated in the case of the focal company.  

4.2.1. Break-even analysis 

The break-even analysis is according to Heizer et al. (2017), a critical analysis for 

determining profitability. It is therefore argued that a break-even analysis is 

suitable for the purpose of analyzing the economic benefits of implementing 

VR as a substitute for the two other approaches of prototyping (CAD-model & 

rapid prototype). However, all prototypes require a CAD-model, hence for a 

comparison between prototypes, the cost of this development can be neglected. 
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Thus, removing CAD-model from the analysis. The presented break-even 

analysis is therefore applied as an analysis of when the implementation of VR 

reaches economical profitability, when it is used as a substitute of physical, rapid, 

prototypes. The analysis is presented with the break-even points in both units 

of prototypes and the amount of costs (SEK) required in order to achieve 

profitability. The analysis is performed regarding three different, commonly 

used types of prototypes within the defence sector at the focal company, 

differentiating in both size (e.g., composed of one or several parts), level of 

detail and complexity. Thus, differentiating in cost of material and time 

consumption. 

The formula for performing a break-even analysis requires the three variables in 

order to be performed and is presented in Equation 1 & 2 (Heizer et al. 2017): 

𝐵𝑟𝑒𝑎𝑘𝑒𝑣𝑒𝑛 𝑖𝑛 𝑢𝑛𝑖𝑡𝑠 =  
𝑇𝑜𝑡𝑎𝑙 𝑓𝑖𝑥𝑒𝑑 𝑐𝑜𝑠𝑡𝑠

𝑃𝑟𝑖𝑐𝑒 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 −𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡
                     (1) 

𝐵𝑟𝑒𝑎𝑘𝑒𝑣𝑒𝑛 𝑖𝑛 𝑆𝐸𝐾 =
𝑇𝑜𝑡𝑎𝑙 𝑓𝑖𝑥𝑒𝑑 𝑐𝑜𝑠𝑡𝑠

𝑃𝑟𝑖𝑐𝑒 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 −𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡
 ×  𝑃𝑟𝑖𝑐𝑒 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡     (2) 

As presented in Equation 1 and 2, the variables total fixed cost, the price per unit 

and variable cost per unit are required. According to Heizer et al. (2017), total fixed 

cost refers to the costs that occur despite the number of units produced (e.g., 

investment costs). Price per unit, on the other hand, refers to the revenues of each 

unit. In the case of this study, the revenue refers to the saved cost of not creating 

a conceptual prototype. Thus, the price per unit equals to the cost per unit of rapid 

prototypes. Lastly, variable cost per unit refers to the cost that occurs of each unit 

produced (Heizer et al. 2017), which in this analysis refers to the unit cost of a 

VR prototype. In the analysis, three different rapid-prototypes (differentiating 

in complexity) were compared with VR, and their costs were provided by a 

prototyping expert in the focal company. The cost per unit of a rapid prototype 

can be calculated with Xu et al.’s (2000) cost analysis model (Equation 3). 

𝐶𝑓𝑝 =  𝐶𝑝 +  𝐶𝑒 +  𝐶𝑚 +  𝐶𝑝𝑝  (3) 

Where the variables are referred to as: Cfp (full process cost); Cp (CAD-file 

processing cost); Ce (execution cost of running machine); Cm (material cost); Cpp 

(post-processing cost), according to Mello et al. (2010). 

However, due to limitations when accessing data, the costs of the rapid 

prototypes are, however, not calculated according to Equation 3. Instead, are 

they calculated according to Equation 4. 
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𝐶 𝑝.  𝑝𝑒𝑟 𝑝.  𝑝𝑟𝑜𝑡𝑜 = 𝐶𝑚 + 𝐶𝑜 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟 ∗ 𝑇𝑐    (4)                                        

However, as the prototypes in VR are created by processing CAD-files and does 

not require any machine, materials nor post-processing, it is argued that Xu et 

al.’s (2000) cost analysis model can be applied as Equation 5, when calculating 

the cost per unit of prototypes in VR as the CAD-file processing cost. 

𝐶𝑓𝑝 =  𝐶𝑝  (5) 

Where Cp is calculated according to Equation 6 (Xu et al. 2000), with the 

variables declared in Table 2. 

𝐶𝑝 = (
0,2 × 𝐶𝑝𝑐

𝑊𝑎𝑡
+  𝑤𝑑 +  𝑃𝐶𝑒  ×  𝑃𝑘ℎ + 

0,2×𝐶𝑠𝑙

𝑊𝑎𝑡
) ×  𝑇𝑝   (6)  

As a break-even analysis was performed, it was argued that Equation 6 of the 

total costs could be reformulated and partitioned into two equations (Equation 

7 & 8), referring to the fixed cost and the cost per unit. 

𝐶𝑝 𝑓𝑖𝑥𝑒𝑑 = 𝐶𝑝𝑐 +  𝐶𝑠𝑙   (7) 

𝐶𝑝 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 = (𝑤𝑑 + 𝑃𝐶𝑒 ×  𝑃𝑘ℎ)  ×  𝑇𝑝 (8) 

As the equations are rewritten and adopted with regard of the available data, 

Equation 1 and Equation 2 could be reformulated as the following (Equation 9 

& 10): 

𝐵𝑟𝑒𝑎𝑘𝑒𝑣𝑒𝑛 𝑖𝑛 𝑢𝑛𝑖𝑡𝑠 =  
𝑤𝑑+𝐶𝑝𝑐+ 𝐶𝑠𝑙

(𝐶𝑚+𝐶𝑜 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟∗𝑇𝑐)−(𝑤𝑑+𝑃𝐶𝑒× 𝑃𝑘ℎ) × 𝑇𝑝
   (9) 

𝐵𝑟𝑒𝑎𝑘𝑒𝑣𝑒𝑛 𝑖𝑛 𝑢𝑛𝑖𝑡𝑠 =  
𝐶𝑝 𝑓𝑖𝑥𝑒𝑑

(𝐶𝑚+𝐶𝑜 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟∗𝑇𝑐 )− (𝑤𝑑+𝑃𝐶𝑒× 𝑃𝑘ℎ) × 𝑇𝑝
 ×  (𝐶𝑚 + 𝐶𝑜 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟 ∗ 𝑇𝑐) (10) 

The description of the needed variables presented in Table 2, with its input-data 

provided by the focal company of the case study. By combining the given data 

with the presented equations, the break-even analysis could be performed. 
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Table 2: Variables of break-even analysis, according to Xu et al. (2000). 

 

 

Performing the analysis, the following results was found, illustrated in Figure 5. 
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Figure 5: Break-even points of VR, in comparison with 3 rapid prototypes. 

The break-even points of implementing VR are further provided in the 

descriptive Table 3, providing a numerical interpretation of Figure 5.  

Table 3: Break-even points of VR, in comparison with three rapid prototypes. 

 

Table 3 indicates that the investment and usage of VR in the NPD process is, 

at its best, profitable after one produced prototype characterized as large and 

complex (composed of several components and details). However, according to 

Table 3, when smaller and more simplified prototypes are created, the break-

even point lies at approximately seven units. As multiple prototypes are 

produced in multiple projects, the break-even points are achieved within a short 

period of time (e.g., three prototypes per project resulting in a payback period 

of 3 projects at worst). Hence, it can be argued that VR has a good potential of 

being economically profitable, which aligns with presented studies (Mujber et 

al. 2004). 
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5. Discussion 

In this section, a discussion regarding the findings relation to theory is provided. Initially, a 

discussion of the challenges in the NPD process is provided, in the perspective of a knowledge-

based view. Then, the authors present characterizes VR applications and how they might solve 

these challenges. Lastly, a discussion regarding the methodological approach is provided. 

This study provides an exploratory analysis of how the NPD process function 

in case of highly advanced products in the defense industry. By adopting a 

knowledge-based view, the process may be understood as an interplay of 

knowledge domains possessed by several actors (von Hippel 1994; Yang et al. 

2017). While the division in use and technology knowledge domains (Lüthje 

2004; Magnusson 2009) enables the understanding of customer's wants and 

needs, and the actor’s knowledge regarding technological limitations and 

opportunities. It does not necessarily conceptualize the knowledge required to 

develop products within the NPD and collaboratively by actors within the 

NPD. The reason behind this, align with the conceptualization of Sukhov et al. 

(2019), where the knowledge required for a problem to be solved requires 

understanding of the problem and different types of technology knowledge. 

Sukhov et al. (2019) argue that in order for a problem to be solved, procedural 

and factual knowledge is required, however, in order to understand the problem, 

experiential factors along with factual knowledge are essential (Sukhov et al. 

2019). The participants highlighted this as each product produced requires input 

from other actors. Therefore, one cannot have all the knowledge required to 

produce such large and complex products. This puts an emphasis on the 

importance of knowledge transfer between actors (Sukhov et al. 2019). Our 

study highlights that in order to capture the problem solving required to create 

a product from an idea or concept, the knowledge domains are more 

sophisticated. Adopting Sukhov et al. (2019) view on ideas, enabled a more 

thorough understanding of the knowledge required in the NPD process. This 

was indicated by the findings as several respondents highlighted the necessary 

knowledge from other actors in order to determine and produce the concept. 

In the case company, departments were divided with actors possessing the 

similar knowledge. The findings provide insights that problem solving 

communication occur between three different domains internally within the 

NPD: functional (electronics, computer science), physical (mechanics, design), 

and process (production, industrialization) (Suh 2005). Highlighting, that the 

departments possess parts of the necessary problem-solving information 
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required to develop a product. The problem-solving information (technical 

knowledge) transferred between domains occurred during meetings, where 

factual and procedural knowledge from each domain was shared. This aligns 

with Suh´s (2005) study where it is stated that information has to be mapped 

between domains in order for a design to be developed. A similar approach can 

be used to embody the communication within the NPD process, where 

information must transfer between different domains as stated previously. This 

is supported by von Hippel´s (1994) study in product development, where 

knowledge regarding problem-solving possessed by actors, must transfer and 

thus be applied. More specifically, different types of factual knowledge and 

procedure knowledge are applied to develop a product that meets the 

requirements and passes verification. 

Additionally, in each transition to another domain the use knowledge could 

represent the left side, and the technology knowledge is the right side. In each 

step of Suh's (2005) model, problems and solutions are redefined. The problem 

basically shifts from understanding the customer (use knowledge in this case 

entails knowledge of the customer problem) to understanding the requirements, 

to understanding the product design, to understanding how the product is 

developed, within each step. The use/tech knowledge from Magnusson (2009) 

and Sukhov et al. (2019) provides a static view where one customer problem 

definition and solution is present. Whereas in NPD the role of the 'customer' 

changes to internal customers in each of the steps, and because of this dynamic 

process the use/tech-conceptualization can be applied at each instance of 

knowledge exchange (Suh 2005; Sukhov et al. 2019). In each step in Suh´s (2005) 

model, understanding the parameters of the previous domain would correspond 

to the use-knowledge, and knowing the variables of the focal domain would 

correspond to technology knowledge. 

Initially, he findings highlight the need for more early concepts in order to 

provide a stable deliverable to the subsequent stages and gates. According to 

Florén and Frishammar (2012), the front-end while being characterized as fuzzy, 

should deliver a stable and rigid product definition in order to avoid problems 

in the formal NPD and the decision making in the gates However, the need for 

early concepts entail that achieving a stable deliverable in the present is 

perceived as inherently difficult, since ambiguous interpretations caused 

resistance in the concept development. 

Interestingly, while the Stage Gate model presented by Cooper (2014), provides 

a structured and operational model, adopted by the case company, the findings 
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highlight that the model is not able to capture knowledge exchange between 

domains. Several respondents highlighted that the model was not followed 

exclusively since reality tend to differ, activities performed depend on the several 

factors, e.g., project type, project size, time and costs, which is understood since 

similar aspects can increase the complexity of the project (Sihvonen & Pajunen 

2019). However, supported by the stage-gate model (Cooper 2014), the findings 

highlight that the process model ensures that the product quality is maintained, 

through verification of requirements, performed by the gatekeeper, ensuring 

that the concept was driven towards development. Ambiguity during the 

decision-making meetings was however found to burden this activity, by making 

the understanding of requirements and how these are achieved difficult. 

The ambiguity in both the front-end phase and the formal NPD process could 

be understood as a result of communication barriers. Applying the developed 

understanding of the knowledge domains, this could be further elaborated. The 

communication barriers both occurred within departments and towards other 

departments. First, within departments, and thus domains, difficulties sharing 

technical (factual and procedural) knowledge occurred. Secondly, within 

meetings with other departments, domains, (e.g., production and mechanical 

engineers), difficulties occurred, sharing domain specific technical knowledge 

(e.g., between physical and process domains). This could therefore be 

understood as a communication barrier where challenges occur in terms of 

understanding communicated knowledge from another domain. However, this 

was understood, since the actors within the case NPD process were each 

specialized within their fields, which Yang et al. (2017) argues is more resistant 

towards sharing. 

According to the findings, knowledge was facilitated through CAD. However, 

the knowledge facilitator, CAD, was not able to facilitate the necessary 

knowledge for enabling similar perceptions of concepts. Thus, causing further 

ambiguity. In terms of visual communication (Lehtonen 2014), it could be 

understood that CAD-system did not provide sufficient visualizations to enable 

needed knowledge to emerge.  Instead, prototypes were perceived as a 

knowledge facilitator reducing the ambiguity and thus reducing problems and 

faults in the front-end. 

In general, all prototypes, whether occurring as CAD-models, conceptual 

models or real prototypes, were perceived as crucial when communicating. Due, 

to their ability to enable knowledge sharing through visual representations of 

the concept (Lehtonen 2014). This finding aligns with Elverum & Welo (2014) 
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statement of prototypes being seen as facilitators for communication. When 

looking at the front-end and the meetings in the NPD process, our findings 

highlight the need for more early concepts in the form of physical prototypes. 

Physical prototypes were seen as superior to CAD for providing an 

understanding of the limitations of the concept and the concept itself, reducing 

uncertainty when evaluating concepts (Elverum & Welo 2014). Moreover, 

physical prototypes were perceived as crucial for enhancing the knowledge 

sharing between departments. 

However, several interviewees highlighted the drawbacks of physical 

prototypes, mainly time and costs. Therefore, concept evaluations and meetings 

often used prototypes in the form of a CAD-model due to the expenses 

associated with producing prototypes. VR, on the other hand, was perceived as 

the solution towards enabling a prototype-based knowledge facilitator. Further, 

the findings highlight VR as superior to regular prototypes (e.g., conceptual 

prototypes and physical prototypes) due to its ability to enable perception of 

reality and the product in a matter of seconds, meanwhile reducing costs and 

time (Mujber et al. 2004). Despite, the fact that VR provided a virtual prototype, 

its benefits in terms of sharing knowledge within and between domains were 

immediately realized by the participants in comparison with CAD-systems, as 

argued by Feeman et al. (2018).  

Based on the presented benefits of VR, could it, therefore, be argued that VR 

could be implemented as a substitute of CAD-models and physical prototypes 

in both the concept phase and the meetings during the NPD process. By 

implementing VR in the process, it could, therefore, be argued that a more 

seamless communication can be achieved, by providing a virtual prototype with 

benefits of a physical. Thus, reducing ambiguity caused by knowledge 

asymmetry within the process. Based on the previous discussion, Figure 6 is 

presented, visualizing the proposed usage of VR.   
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Figure 6: Illustration of VR as a process-aiding tool. 

The process. The illustration of the usage of VR in Figure 6. entails that it could 

be used as a process-aiding tool with the purpose of easing the transfer of 

problem-solving knowledge between the technical domains, through its benefits 

of knowledge visualization. 

Adopting the dynamic view provided by Suh (2005), it could be argued that the 

front-end phase, requires the incorporation of all domains in order to achieve 

the rigid and stable product definition as stated by Florén and Frishammar 

(2012). Accordingly, the product definition should provide certainty, and thus 

enhance decision-making in the front-end and in the formal NPD. Arguable the 

findings highlight that VR can reduce ambiguity and uncertainty in the process 

by enabling knowledge facilitation through visual knowledge as argued by 

Lehtonen (2014). Therefore, VR can enable the establishment of a rigid and 

stable product definition and provide a foundation for more certain decision 

making in the gates, and thus providing facilitation of use knowledge for 

decision makers. However, while Lehtonen (2014) argue that visualization can 

generate knowledge, our study highlights that that the generation and facilitation 

differ based on the visualization. Aligned with Emmison (2011) study, three 

different visualizations were found (CAD, VR, physical prototypes), and each 

differentiated in the generation of knowledge, where VR and physical 

prototypes were perceived superior. The perception of reality was found to be 
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the differentiating factor for generating a better perception of the product and 

thus providing a better generation of visual knowledge. Accordingly, the use of 

VR enabled knowledge exchange between both similar (technical knowledge) 

and different (use and technical knowledge) domains. In the front-end the 

exchange between different domains were crucial therefore VR applications 

were perceived as fruitful in alignment and development activities. In 

legitimization activities VR provided a visualization of the concept, which could 

enhance legitimization by providing a good presentation of the product (Sukhov 

et al. 2019). In the formal NPD, VR applications enabled the understanding of 

producibility aspects (knowledge exchange between physical and other 

domains), thus positively affecting further development of the products. 

Methodologically, the use of Dubois and Gadde´s (2002) systematic combining 

approach enabled the development of theory and empirical data simultaneously. 

Thus, by this process the authors were introduced to a perspective of the NPD 

which has not been widely adopted when evaluating new technologies, the 

knowledge-based perspective. Despite that previous articles adopt the 

knowledge-based view in product development (Durmuşoğlu & Barczak 2011), 

previous research has neglected the knowledge domains of actors in the NPD 

field. Therefore, the systematic combining approach enabled the understanding 

of VR applications in the interplay of knowledge domains involved in the NPD 

process. 

5.1. Sustainability   

In the present, previous literature has not explicitly addressed the sustainability 

aspects of VR applications. The concept sustainability is built upon three 

elements: social, economic and environmental (Milne & Gray 2013). 

Sustainability is crucial aspect since the world we live in today is constrained in 

resources, and without actions towards balancing the usage, the foundation for 

future generations will not be able to meet their needs (United Nations 1987; 

Enquist et al. 2006). Consequently, the concept of triple bottom line, have been 

developed to enable a framework for achieving a balance towards the three 

elements of sustainability (Milne & Gray 2013). While, previous research of VR 

applications has not explicitly addressed all three elements of sustainability, 

evidence can be found in which VR applications could potentially aid this 

balancing act (Feeman et al. 2018; De Silva et al. 2018). The economic aspects 

of incorporating VR, was highlighted as the perceived usefulness in the findings, 

and can be found both in literature (Feeman et al. 2018), and in the break-even 
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analysis of this study which place VR as superior to existing technologies (e.g., 

physical prototypes) in economic benefits. Thus, further emphasizing that VR 

applications also provide economic benefits in the long run, and that it can be 

perceived as useful (Davis et al. 1989; Taherdoost 2018).  

Additionally, the environmental aspects of VR technology emphasize the 

technology as beneficial in terms of material usage. VR applications provide 

virtual prototypes that according to the respondents can replace physical 

prototypes without any usage of materials. Further, the technology supports 

adaptable and iterative development (De Silva et al. 2018), without any use of 

materials or causing waste. Models incorporated into the software can be reused, 

deleted, and developed without any consumption of materials. Preexisting 

prototypes use materials such as plastic, wood, and metal. Thus, causing waste 

and usage of consumable materials that increases with the size and complexity. 

According to the empirical data, the physical prototypes use unnecessary storage 

after their life cycle and are difficult to reuse because of its dependency of the 

project.  

Lastly, the social aspect, the most addressed aspect in previous research of VR 

applications emphasize the technology as joyful and fun (Feeman et al. 2018). 

Further, respondents implied that in the present engineer’s work consisted 

mainly of self-work in front of a screen with no connection to the actual 

product. Participants with VR experience realized the technology as a platform 

that encourages collaborative work and could reduce ambiguity. Moreover, VR 

was seen as an activity which not only would aid the NPD but instead would 

aid each actor´s work and encourage them to freely discuss the product. Several 

participants expressed VR as joyful and fun, which aligns with Feeman et al. 

(2018) study, therefore the use of VR could improve the worker's daily work. 
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6. Conclusion 

In this section, the drawn conclusions are presented, in relation to the research question: How 

can VR aid the NPD process? Then, the authors provide managerial implications of the 

contributions. Lastly, the limitations of the study are presented together with areas of future 

research. 

Through the result of this exploratory study, in form of a data structure, the 

authors could provide new insights regarding both NPD challenges and 

possibilities of VR which aligned and diverged from existing theories. Initially, 

it was found, both empirically and theoretically that the process of developing 

new product include series of decisions and evaluations regarding declared 

requirements. These situations are characterized as problem solving activities, 

where problems are identified and solved. Knowledge, was identified as a 

necessity when performing these activities, since it was needed in order to 

understand both the problem and how to solve it. The knowledge possessed by 

one knowledge domain is however not enough in order to solve problems. 

Integration of different knowledge domains was therefore highlighted as a 

further need in the process. By adopting a knowledge perspective in case of this 

study, the NPD could internally be viewed as the interplay between physical 

(e.g., mechanics, design), process (e.g., production, industrialization) and 

functional (e.g., computer science, electronics) domains.  

The production of complex products requires expertise knowledge from several 

domains. The in-depth knowledge is however not only seen as a benefit, instead 

it was found to polarize the specialized departments, as knowledge asymmetry 

was seen as a communication barrier. Resulting in ambiguity due to the actors’ 

difficulties in interpreting one other perspectives. Thus, causing difficulties of 

communicating problem-solving information. Physical prototypes were seen as 

an aiding tool, easing the visual communication of technical knowledge. But due 

to its drawbacks, CAD-systems were used in a larger extent in the problem-

solving activities. Instead of easing the communication, CAD-systems was 

found to cause further ambiguity, due to its inabilities to provide a good 

visualization of concepts and products. Both empirically and theoretically, VR 

was highlighted seen as a remedy. This, by providing the commonly argued 

benefits of both CAD-systems and physical prototypes.   

The authors can therefore make the conclusion that VR applications can aid the 

NPD process by providing visual representations of the products in every 

communicative activity of the NPD. Using VR as a visual representation enables 
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knowledge exchange both within domains and across domains, since it is found 

that visual, close to reality, concepts reduce uncertainty and ambiguity by 

bridging knowledge domains. This study highlights the importance of visual 

representations of concepts as a platform for sharing and generating knowledge. 

However, despite that existing technologies, CAD-systems, enable this 

possibility, it is found that these differs from reality, and can therefore induce 

several issues such as ambiguity, uncertainty and communication barriers. 

Conclusively, due to VR applications ability to provide reality perceptions of 

models and interact abilities with models, throughout the all stages of NPD 

processes and to a lower cost than existing possibilities, it is highlighted that VR 

can aid the NPD in decision making, problem-solving, knowledge exchange and 

in terms of economic profitability.  

6.1. Managerial implications 

Managerially, the study provides an example and explicit knowledge of how VR 

applications can reduce problems throughout the NPD process. Further, the 

study investigates challenges in the NPD with a knowledge perspective and 

enables managers to understand the importance of knowledge sharing between 

actors in the NPD. It provides managers and important understanding of the 

underlying factors of misinterpretations and uncertainty, and how these may be 

reduced through the integration of new technology. 

Additionally, this study highlights the importance of knowledge and thus 

provides managers with a different view of technology instead of just viewing 

the technology´s rather tangible benefits, managers can instead understand how 

to identify challenges and what benefits technologies can provide in terms of 

knowledge. This study further provides managers with an understanding of 

certain events and thus, certain perceptions of concepts needed for actors within 

the NPD to improve work.  

6.2. Limitations and future research 

While this study provides insights into how VR can aid the NPD and how the 

knowledge-based view enables an understanding of its challenges, the strength 

of the study could be improved. First, the study is conducted within one case 

and thus a multiple case study, incorporating other cases than NPD of highly 

advance products within the defense industry, could increase the 

trustworthiness of the findings and would be able to represent a larger 

population. Second, the study adopts an exploratory approach, thus a future 
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experimental approach of VR in NPD could in fact provide significant evidence 

of the reduction of ambiguity and thus strengthen the findings. As the thesis 

applied a knowledge perspective, the essence of the all activities performed 

within the NPD process were somewhat overlooked. Future research would 

benefit by complementing this aspect, by creating a better foundation of how 

specific activities could include the technology. The study provides an example 

of how knowledge is spread between actors, thus provides a base for future 

studies adopting knowledge-based views within the NPD field. The study is 

however limited while investigating the NPD, as it does not, however, consider 

external factors of the NPD such as customers and suppliers, instead the focus 

lies within the NPD. This provides opportunities for further research, where it 

can be studied how VR can aid the NPD with external stakeholders and 

customers. Further, this would also open up an opportunity for investigation of 

how much VR can ease the communication and the transferability of 

knowledge.  

 

 

 

 

 

 

 

 

 

 

 

 

 



53 

7.  References 

Adam, J.A. (1993). Virtual reality is for real. IEEE Spectrum, 30(10), 22–29. doi: 

10.1109/6.237580. 

Amankwaa, L. (2016). Creating Protocols for Trustworthiness in Qualitative 

Research. Journal Of Cultural Diversity, 23(3), 121–127. 

Berg, L. & Vance, J. (2017). Industry use of virtual reality in product design 

and manufacturing: a survey. Virtual Reality, 21(1), 1. doi: 

10.1007/s10055-016-0293-9 

Bourdot, P., Convar, T., Pico, F., Ammi, M., Touraine, D. & Vezien, J.-M. 

(2010). VR–CAD integration: Multimodal immersive interaction and 

advanced haptic paradigms for implicit edition of CAD models. 

Computer-Aided Design, 42(5), 445–461. doi: 10.1016/j.cad.2008.10.014. 

Bradfield, D. & Gao, J.X. (2007). A methodology to facilitate knowledge 

sharing in the NPD process. International Journal of Production Research, 

45(7), 1489-504. doi: 10.1080/00207540600942227 

Brooks, F.P., Jr. (1999) What’s real about virtual reality? IEEE Comput Graph 

Applications. 19(6):16 doi: 10.1109/38.799723 

Brun, E. (2008). Ambiguity Reduction in NPD Projects. International Journal of 

Innovation Management, 12(4), 573–596. doi: 10.1142/s1363919608002126 

Bryman, A. & Bell, E. (2011). Business research methods. 4. Edition. Oxford: 

Oxford University Press. 

Büyüközkan, G. & Arsenyan, J. (2011). Collaborative product development: a 

literature overview. Production Planning & Control, 23(1), 47–66. doi: 

10.1080/09537287.2010.543169. 

Choi, S., Jung, K. & Noh, S.D. (2015). Virtual reality applications in 

manufacturing industries: Past research, present findings, and future 

directions. Concurrent Engineering, 23(1), 40–63. doi: 

10.1177/1063293x14568814. 

Cooper, R.G. (1983). A process model for industrial NPD. IEEE Transactions 

on Engineering Management, EM-30(1), 2–11. doi: 

10.1109/tem.1983.6448637. 



54 

Cooper, R.G. (1990). Stage-gate systems: A new tool for managing new 

products. Business Horizons, 33(3) 44–54. doi: 10.1016/0007-

6813(90)90040-i. 

Cooper, R.G. (2008). Perspective: The Stage-Gate®Idea-to-Launch Process—

Update, What's New, and NexGen Systems. Journal of Product Innovation 

Management, 25(3), 213-232. doi: 0.1111/j.1540-5885.2008.00296.x 

Cooper, R. G. (2014). What’s Next?: After Stage-Gate. Research Technology 

Management, 57(1), 20-31. doi: 10.5437/08956308x5606963  

Cooper, R.G. & Kleinschmidt, E.J. (1994). Determinants of Timeliness in 

Product Development. Journal of Product Innovation Management, 11(5), 

381–396. doi: 10.1111/1540-5885.1150381.  

Daft, RL and RH Lengel (1984). Information richness: a new approach to 

managerial behavior and organizational design. In Research in 

Organizational Behavior. Staw, BM and LL Cummings (eds.), p. 191–

233. Greenwich, CT: Jai Press. 

Davis, F. D., Bagozzi, R. P. & Warshaw, P. R. (1989) User Acceptance of 

Computer Technology: A Comparison of Two Theoretical Models. 

Management Science, 35(8), 982. doi: 10.1287/mnsc.35.8.982 

De Silva, R.K.J., Rupasinghe, T.D. & Apeagyei, P. (2018). A collaborative 

apparel NPD process model using virtual reality and augmented reality 

technologies as enablers. International Journal of Fashion Design, Technology 

and Education, 12(1), 1–11. doi: 10.1080/17543266.2018.1462858. 

Dubois, A. & Gadde, L.-E. (2002). Systematic combining: an abductive 

approach to case research. Journal of Business Research, 55(7), 553–560. doi: 

10.1016/s0148-2963(00)00195-8. 

Durmuşoğlu, S. S. & Barczak, G. (2011). The use of information technology 

tools in NPD phases: Analysis of effects on new product innovativeness, 

quality, and market performance. Industrial Marketing Management, 40(2), 

321–330. doi: 10.1016/j.indmarman.2010.08.009 

Elverum, C. W. & Welo, T. (2014). The Role of Early Prototypes in Concept 

Development: Insights from the Automotive Industry. Procedia CIRP, 21, 

491–496. doi: 10.1016/j.procir.2014.03.127. 



55 

Emmison, M. (2011). Conceptualizing Visual Data. D. Silverman. Edition. 

Qualitative Research, London: Sage Publication, 233-249. 

Enquist, B., M. Johnson, P. Skålén, (2006). Adoption of corporate social 

responsibility –incorporating a stakeholder perspective, Qualitative 

Research in Accounting & Management, 3(3), pp.188 –207. doi: 

10.1108/11766090610705399. 

Esterberg, K. G. (2002). Qualitative methods in social research. 1. Edition. 

Boston: McGraw-Hill. 

Feeman, S. M., Wright, L. B. & Salmon, J. L. (2018) Exploration and 

evaluation of CAD modeling in virtual reality. Computer-Aided Design & 

Applications, 15(6), 892–904. doi: 10.1080/16864360.2018.1462570. 

Florén, H. & Frishammar, J. (2012). From Preliminary Ideas to Corroborated 

Product Definitions: Managing the Front-end of NPD. California 

Management Review, 54(4), 20–43. doi: 10.1525/cmr.2012.54.4.20. 

Gioia, D.A., Corley, K.G. & Hamilton, A.L. (2012). Seeking Qualitative Rigor 

in Inductive Research. Organizational Research Methods, 16(1), 15–31. doi: 

10.1177/1094428112452151. 

Guerlesquin, G., Mahdjoub, M., Bazzaro, F. & Sagot, J.-C. (2012). Virtual 

reality as a multidisciplinary convergence tool in the product design 

process. The Open Cybernetics & Systemics Journal, 10(1), 51-56. 

Grant, R.M. (1996). Toward a knowledge-based theory of the firm. Strategic 

Management Journal, 17(S2), 109–122. doi: 10.1002/smj.4250171110. 

Gray, E.D. (2017). Doing Research in the Business World. 1. Edition. London: Sage 

Publications inc. 

Heizer, J., Render, B. & Munson, C. (2017). Operations management. Sustainability 

and supply chain management. 12. Edition. New Jersey: Prentice Hall. 

Huhtala, J-P., Mattila, P., Sihvonen, A. & Tikkanen, H. (2014). Barriers to 

Innovation Diffusion in Industrial Networks: A Systematic Combining Approach. 

21. Edition. Emerald Group Publishing Limited. 

Hwan, K.J., Youn-kyoung, J. & Do, N.S. (2009). Product Information 

Exchanges between CAD/PDM systems and the Collaboration Portal 



56 

System using PLM Services. 2009 WRI World Congress on Computer Science 

and Information Engineering. p. 718. 

Jayaram, S., Connacher, H.I. & Lyons, K.W. (1997). Virtual assembly using 

virtual reality techniques. Computer-Aided Design, 29(8), 575–584. doi: 

10.1016/s0010-4485(96)00094-2. 

Koen, P. A. (2004). The Fuzzy Front-end for Incremental, Platform, and 

Breakthrough Products. PDMA Handbook of NPD, 2, 81–91. doi: 

10.1002/9780470172483.ch6. 

Koen, P., Ajamian, G., Burkart, R. Clamen, A., Davidson, J., D’Amore, R., 

Elkins, C., Herald, K., Incorvia, M., Johson, A., Karol, R., Seibert, R., 

Slavejkov, A. & Wagner, K. (2001). Providing Clarity and A Common 

Language to the “Fuzzy Front-end.” Research-Technology Management, 44(2), 

46–55. doi: 10.1080/08956308.2001.11671418. 

Kohlbacher, F. (2008). Knowledge-based New Product Development: 

fostering innovation through knowledge co-creation. International Journal 

of Technology Intelligence and Planning, 4(3), 326. doi: 

10.1504/ijtip.2008.020100.  

Kurkkio, M., Frishammar, J. & Lichtenthaler, U. (2011). Where process 

development begins: A multiple case study of front-end activities in 

process firms. Technovation, 31(9), 490–504. doi: 

10.1016/j.technovation.2011.05.004.  

Lawson, G., Salanitri, D. & Waterfield, B. (2016). Future directions for the 

development of virtual reality within an automotive manufacturer. 

Applied Ergonomics, 53(Part B), 323–330. doi: 

10.1016/j.apergo.2015.06.024. 

Lehtonen, M.J. (2014). Visual knowing and visualizing knowledge in 

knowledge-intensive organizations. Diss. Aalto University School of 

Business Department of Management Studies FLUID research group.  

Liker, J.K. & Pereira, R.M. (2018). Virtual and Physical Prototyping Practices: 

Finding the Right Fidelity Starts With Understanding the Product. IEEE 

Engineering Management Review, 46(4), 71–85. doi: 

10.1109/emr.2018.2873792. 



57 

Lilien, G. L., Morrison, P. D., Searls, K., Sonnack, M., & Hippel, E. V. (2002). 

Performance assessment of the lead user idea-generation process for new 

product development. Management science, 48(8), 1042-1059. doi: 

10.1287/mnsc.48.8.1042.171. 

Lincoln, Y. & Guba, E. (1985). Naturalistic Inquiry. 1. Edition. London: SAGE 

Publications, Inc. 

Lorenz, M., Spranger, M., Riedel, T., Pürzel, F., Wittstock, V. & Klimant, P. 

(2016). CAD to VR – A Methodology for the Automated Conversion of 

Kinematic CAD Models to Virtual Reality.  Procedia CIRP, 41, 358–363. 

doi: 10.1016/j.procir.2015.12.115. 

Lüthje, C. (2004). Characteristics of innovating users in a consumer goods 

field: An empirical study of sport-related product consumers. 

Technovation, 24 (9), 683–95. doi: 10.2139/ssrn.298015 

Magnusson, P. R. (2009). Exploring the contributions of involving ordinary 

users in ideation of technology-based services. Journal of Product Innovation 

Management. 26 (5), 578–93. doi: 10.1111/j.1540-5885.2009.00684.x 

Menon, A., J. Chowdhury, J & Lukas, B. A. (2002). Antecedents and 

Outcomes of NPD Speed. Industrial Marketing Management, 31 (4): 317–

328. doi: 10.1016/s0019-8501(01)00163-8. 

Milne, M. J., & Gray, R. (2013). W (h) itherecology? The triple bottom line, the 

global reporting initiative, and corporate sustainability reporting. Journal 

of business ethics, 118(1), 13-29. doi: 10.1007/s10551-012-1543-8  

Mujber, T., Szecsi, T., Hashmi, M. (2004). Virtual reality applications in 

manufacturing process simulation. Journal of Materials Processing 

Technology, 155-156, 1834–1838. doi: 10.1016/j.jmatprotec.2004.04.401 

Murphy, S. A. & Kumar, V. (1997) The front-end of NPD: a Canadian survey. 

R AND D MANAGEMENT, 27(1) 5-15. doi: 10.1111/1467-

9310.00038 

Paetzold, K. (2015). Network-based product- and process-management for 

product development — Model-based solutions. 2015 IEEE 

International Conference on Engineering, Technology and Innovation/ 

International Technology Management Conference (ICE/ITMC), 

Engineering, Technology and Innovation/ International Technology 



58 

Management Conference (ICE/ITMC). 2015 IEEE International 

Conference on, p. 1. 

Rick, T., Groma, I. &  Bercsey,T. (2008). Product development process 

optimisation with heuristic methods. International Design Conference, 

Dubrovnik, Croatia, 2008. 

Sharafi, A., Wolfenstetter, T., Wolf, P., Krcmar, H. (2010) Comparing product 

development models to identify process coverage and current gaps: A 

literature review. In: 2010 IEEE International Conference on Industrial 

Engineering and Engineering Management, Industrial Engineering and Engineering 

Management (IEEM), 2010 IEEE International Conference on, p. 1732. 

Sihvonen, A. & Pajunen, K. (2019). Causal complexity of NPD processes: a 

mechanism-based approach. Innovation, 21(2), 253-273, doi: 

10.1080/14479338.2018.1513333 

Srinivasan, V., Lovejoy, W. S. & Beach D. (1997). Integrated Product Design 

for Marketability and Manufacturing. Journal of Marketing Research, 34(1), 

154–163. doi: 10.1177/002224379703400113. 

Suh, N.P. (2005) Complexity Theory and Applications. Oxford, NY: Oxford 

University Press. 

Sukhov, A. (2018). The role of perceived comprehension in idea evaluation. 

Creativity and Innovation Management, 27(2), 183–195. doi: 

10.1111/caim.12262. 

Sukhov, A., Magnusson, P.R. & Netz, J. (2019). What is an Idea for 

Innovation? Service Innovation for Sustainable Business, 29–47. doi: 

10.1142/9789813273382_0003. 

Taherdoost, H. (2018). A Review of Technology Acceptance and Adoption 

Models and Theories. Procedia Manufacturing, 22, 960–967. doi: 

10.1016/j.promfg.2018.03.137. 

United Nations (1987). Report of the World Commission on Environment 

and Development: Our Common Future. Oxford; New York: Oxford 

University Press.   

von Hippel, E. (1994). “Sticky information” and the locus of problem solving: 

Implications for innovation. Management Science, 40(4), 429– 439. doi: 

10.1287/mnsc.40.4.429 



59 

Wolfartsberger, J. Zenisek, J. & Sievi, C. (2018). Chances and Limitations of a 

Virtual Reality-supported Tool for Decision Making in Industrial 

Engineering. IFAC-PapersOnLine, 51(11), pp.637–642. doi: 

10.1016/j.ifacol.2018.08.390 

Yang, D., Jin, L. & Sheng, S. (2017) The effect of knowledge breadth and 

depth on new product performance. International Journal of Market 

Research, 59(4), 517–536. 

Yin, R. K. (2011). Qualitative Research from start to finish. 2. Edition. New York: 

The Guilford Press. 

Xu, F., Wong, Y.S. & Loh, H.T. (2000), Toward generic models for 

comparative evaluation and process selection in rapid prototyping and 

manufacturing. Journal of Manufacturing Systems, 19(5), 283-96. 

Zorriassatine, F., Wykes, C., Parkin, R. & Gindy, N. (2003). A survey of virtual 

prototyping techniques for mechanical product development. Proceedings 

of the Institution of Mechanical Engineers, Part B: Journal of Engineering 

Manufacture, 217(4), 513–530. doi: 10.1243/095440503321628 

 

 

 

 

 

 

 

 

 

 

 



60 

8. Appendix I 

• Introduction and information of the interview’s purpose. 

• Explanation of GDPR, anonymity and how it is obeyed. 

• Inform the interviewee about the audio recording, the transcription and 

how it can be provided if wanted. 

• Inform the interviewee about his/her rights to cancel it and deny 

answering questions. 

• Inform the interviewee that the interview won’t be shared. 

• Ask for permission, regarding the above paragraphs. 

• Start recording (if permitted). 

• Questions 

• Stop recording 

Formalities 

1. Can you tell us something about yourself, your job and what you do? 

a. What a regular day like? 

b. What is your department? 

c. What is your role? 

d. How long have you worked here? 

New Product Development 

1. What is your experience regarding the new product development process 

at the company? 

a. Can you tell us about a project or other experiences of your work 

regarding the development of new products? 

2. What is your opinion of the current new product development process? 

3. Can you describe the process? 
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a. What phases are there? 

b. What activities are there? 

c. What are the difficulties within these phases/activities? 

d. How are these solved? 

4. Do you perceive the process as being concrete and understandable? 

5. What are the main problems with the process? 

a. What are the consequences? 

b. How are these solved? 

6. Is there anything you would like to change with the process? 

Implementation of new technology within the NPD 

1. Do you have any experience regarding implementation of new 

technology within the new product development process? 

a. How was this performed? 

2. What are the requirements when implementing new technology within 

the new product development process? 

a. What actions are necessary? 

b. Are there criteria? 

c. Are there any needed prerequisites? 

3. Based on your experience, does the company have any strategy when 

implementing new technology within the new product development 

process? 

a. What have these strategies contributed with? 

b. Why do you use these strategies? 

4. Based on your experience, is there any implementations that have failed 

in the past? 

a. Why did this happen? 
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b. What was the challenge with this? 

Prototypes 

1. Based on your experience, can you describe the process of creating 

prototypes? 

a. Can you describe some examples? 

b. What is the purpose of creating these prototypes? 

2. Has there been any problems when creating prototypes or by creating 

prototypes? 

3. Based on your experience, what are the challenges of creating 

prototypes? 

a. Why does these challenges exist? 

b. What are the consequences of these challenges? 

c. How are these challenges solved? 

4. Anything you want to add regarding the topic of prototypes? 

Communication within the NPD 

1. Based on tour experience, what is your opinion on the communication 

within the process? 

a. Can you elaborate more on the challenges regarding the 

communication? 

i. What is the reason of this? 

ii. What is the results of this? 

b. Is there anything that could be done differently? 

c. What could be improved? 

Virtual Reality 

1. What is your experience of virtual reality? 

2. Do you have any professional experience of virtual reality? 
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a. How was virtual reality used in this case? 

b. Do you believe that there are any challenges regarding the 

technology? 

3. How was it to use virtual reality? 

a. Did you get a better perception of the product? 

b. Were you able to evaluate details? 

c. Was it easy to communicate? 

4. Do you perceive virtual reality to be useful within the company? 

a. For what usage? 

b. For what purposes? 

c. What would this contribute with? 

5. Would you like to use virtual reality on a daily basis? 

a. Why? 

 

 

Follow-up questions used throughout the interviews. 

 

 

 

 

 

 

Do you feel that there is anything else that you would like to add or ask? 

 

Thank you for your participation.




