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SUMMARY 
Uncertainty is a critical element of New Product Development 

(NPD) and is intrinsic to NPD projects. Uncertainty has been 

defined in various ways and explored using several different 

frameworks. Uncertainty perception drives project activities, 

which, collectively, are linked to general performance. This the-

sis research addresses gaps related to the direct and indirect in-

fluences of uncertainty perception on individual activities, and 

the link between specific perceived uncertainties that determines 

specific project activities in the context of NPD projects and in-

novation. This thesis includes a collection of papers, based on 

qualitative and quantitative methods, and a multicase and exper-

imental study for data collection. The findings contribute to the 

NPD literature by demonstrating the link between uncertainty 

type and activity type, changing the focus in the NPD context, 

from uncertainty perception types and their characteristics, to 

uncertainty types linked directly to specific activities. This pro-

vides the basis for a model to frame the NPD project context, for 

an investigation of perceived uncertainties. 
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RESUMÉ (DANISH) 
Titel: Usikkerhedsopfattelse i projekter med 

produktinnovation 

Usikkerhed er et kritisk element i ny produktudvikling, da den er 

iboende i sådanne projekter. Usikkerhed er blevet defineret på 

forskellige måder og er blevet udforsket inden for mange 

forskellige rammer. Usikkerhedsopfattelse driver 

projektaktiviteter, der samlet set er knyttet til generelle resultater. 

Denne afhandling undersøger huller i forbindelse med den 

direkte og indirekte påvirkning af usikkerhedsperspektivet på 

individuelle aktiviteter og sammenhængen mellem specifikke, 

opfattede usikkerheder, der bestemmer specifikke 

projektaktiviteter inden for rammerne af NPD-projekter og 

innovation. Denne afhandling består af en samling af 

publikationer, der benytter kvalitative og kvantitative metoder 

med en multicase-undersøgelse, og et eksperiment til 

dataindsamling. Resultaterne bidrager til NPD-litteraturen ved at 

demonstrere sammenhængen mellem usikkerhedstype og 

aktivitetstype, ændre fokus i NPD-konteksten fra 

usikkerhedsopfattelsestyper og deres karakteristika til 

usikkerhedsformer, der er knyttet direkte til specifikke 

aktiviteter, og danner grundlag for en modelramme i forbindelse 

med NPD-projektet med henblik på at tackle opfattede 

usikkerheder. 
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1 INTRODUCTION 

1.1 MOTIVATION AND PROBLEM DEFINITION 

New product development (NPD) is critical for a company to 

endure in the market since the development of innovative prod-

ucts contributes to firm  growth  and can be  considered a strong 

competitive advantage (Cooper and Kleinschmidt 1987, Salomo, 

Weise, and Gemünden 2007, Huang et al. 2015b).  To survive in 

a competitive market, companies need continuously to create 

new projects and introduce new successful products (Balbontin 

et al. 2000). However, although these are crucial activities 

(Bowen et al. 1994) firms find them difficult and NPD project 

failure rates are high, especially in early stages (Oh et al. 2012). 

A failed project can result in severe financial losses (Stockstrom 

and Herstatt 2008, Thomas and Mengel 2008, Salerno et al. 

2015).  

To try to avoid this, firms need to understand that NPD projects 

are influenced by several factors, such as the market, consumer 

behaviour, quality (Dijksterhuis 2016) and uncertainty. Uncer-

tainty is a critical element of new product development since it is 

inherent in such projects due to their innovative nature and the 

unknown outcomes of project tasks (Rode et al. 1999, 

Stockstrom and Herstatt 2008, Huang et al. 2015b). Uncertainty 

has been defined in various ways and explored using several dif-

ferent frameworks in the field of engineering (Muhanna et al. 

2007), design (Blacud et al. 2009), psychology (Tversky and 

Kahneman 1974, Cosmides and Tooby 1996), among others. 

Example of uncertainty definition is: “…a set of possible specif-

ic outcomes, but where the probabilities of these outcomes are 

completely unknown are not even meaningful” (p.560) (Samson 
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et al. 2009). Another definition is that uncertainty can be “any 

departure from the unachievable ideal of complete determinism” 

(p.8) (Walker et al. 2003). There is no consensus on the defini-

tion of uncertainty.  

In the present research, uncertainty is defined as a “potential de-

ficiency in any phase or activity of the process which can be 

characterized as not definite, not known or not reliable” (Kreye 

et al. 2012 p. 683). This definition has been applied widely to the 

areas of new product development and innovation and is accept-

ed and has been applied in other fields such as design (Cash and 

Kreye 2017, 2018b) and natural science (Nearing et al. 

2016).Uncertainty can be defined, also, in relation to uncertainty 

type (Aronson et al. 2006, O’Connor and Rice 2013); for exam-

ple, O´Connor and Rice (2013) propose a model that distin-

guishes among four uncertainty types: technical, organizational, 

resource and market. However, despite the  importance of uncer-

tainty, uncertainty perception, which can influence how people 

act (Downey, Hellriegel, Slocum, et al. 1975, Melander and Tell 

2014, Kreye 2016, Cash and Kreye 2017) and ultimate project 

team performance (Raz et al. 2002, Sicotte and Bourgault 2008), 

has been rather ignored. Thus, this research focuses on uncer-

tainty perception rather than uncertainty and highlights the im-

portance of differentiating between uncertainty and uncertainty 

perception. 

Uncertainty can affect NPD performance in negative or positive 

ways. Uncertainty can reduce performance, for example, by in-

fluencing project planning and risk planning (Salomo, Weise, 

and Gemünden 2007), by making activities and decisions more 

difficult (Zhang and Doll 2001) and by affecting the clarity of 
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project goals (Aronson et al. 2006). It can also increase perfor-

mance by promoting improvements to the innovation process 

and introducing and creating opportunities in product develop-

ment projects (Perminova et al. 2008, Böhle et al. 2016). There-

fore, understanding the role of uncertainty NPD is important. 

In NPD, uncertainty takes different forms. For example, tech-

nical uncertainty can arise in relation to the product’s technical 

specifications (Schrader et al. 1993) and market uncertainty can 

arise as a result of poor understanding the market for the new 

product (NDao and Zmud 2013).  

Uncertainty is different from uncertainty perception, which is 

defined as the individual’s experience of a situation in which 

s/he lacks relevant understanding and feels unconfident or unsure 

(Kreye 2016). Uncertainty perception can differ from (extant) 

uncertainty in terms of personal perception and interpretation, 

for example, when faced with uncertainty, the individual might 

be paralysed by the range of possibilities, or might identify a 

unique solution (Gerber 2009). Therefore, individuals in project 

teams act in according to what they perceive and their percep-

tions may be related to factors such as personal characteristics 

(Sawyerr 1993, Petrakis et al. 2015).  

The NPD process consists of a series of project activities which, 

taken together, define the (success) of the project outcome . Pro-

ject activities are part of a goal directed system that integrates 

cognition, behaviour and motivation into an observable phenom-

enon (Bedny and Harris 2005). Project activities link individu-

als’ behaviour and cognition, for example, their  social interac-

tions, in the form of project activities (Bedny and Harris 2009, 

Cash and Kreye 2017). Project activities can be described, gen-
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erally, with respect to the predominant individual scale actions 

enacted by the project team members (Cash et al. 2015).  An ex-

ample of a project activity is a market study, which is used to 

gather customer data, involving the team in in information ac-

tions to seek, elicit and archive data (Murphy and Kumar 1997). 

Other project activities include knowledge sharing, which can 

foster shared understanding (Hult et al. 2004), and representa-

tion, which can foster understanding with respect to the modelled 

artefact (Christensen and Schunn 2009). The literature describes 

various project activities that have different effects on NPD pro-

ject outcomes (Hult et al. 2004). This research focuses on project 

activities since these activities are in the context of a project, 

which is aligning with the NPD focus of this study, also, project 

activities have been previously linked with perceived uncertain-

ty. 

Uncertainty perception drives project activities that, collectively, 

are linked to general performance (Hoegl and Parboteeah 2006, 

Sicotte and Bourgault 2008, Cash and Kreye 2018b). Thus, how 

the individual and the team involved in the project, deal with 

uncertainty perception can improve or deteriorate NPD project 

results (Kim and Wilemon 2002). However, the link between 

uncertainty perception and project activities is poorly under-

stood. While existing research acknowledges that uncertainty 

perception drives activities (Hoegl and Parboteeah 2006, Sicotte 

and Bourgault 2008, Cash and Kreye 2018b), there are no de-

tailed insights into the specific links between uncertainty types 

and project activity types. 

These are important because an understanding of the strategies 

that can be applied to deal with uncertainty can improve project 
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outcomes. Specifically, it is unclear how perception of different 

uncertainty types drives the selection of different project activi-

ties.  

Thus, this thesis research addresses gaps related to the direct and 

indirect influence of uncertainty perception on individual activi-

ties, and the link between specific perceived uncertainties that 

determines specific project activities in the context of NPD pro-

jects and innovation. 

1.2 RESEARCH QUESTIONS & THESIS STRUC-

TURE 

To explore the relationship between how uncertainty is perceived 

and the activities it drives, we address the following research 

question: how does uncertainty perception affect project-activity 

selection in NPD? We split this question into two research sub- 

questions, which are depicted in Figure 1-1. 

The division into two sub-research questions gives us a deeper 

understanding of the phenomenon and allows us to make a “fun-

nel” approach, in which with the first RQ we address different 

perceived uncertainty types and then we narrow to two specific 

perceived uncertainty types in RQ2. This approach allows us to 

connect the literature on uncertainty perception and project activ-

ities and explore which uncertainty types prompt the selection of 

which project activities, in a general way in RQ 1 with four per-

ceived uncertainty types (technical, organizational, market and 

resource), and with specific perceived uncertainty types particu-

larly relevant to NPD in RQ2. 

For RQ1; “What is the effect of the perception of different un-

certainty types in  the selection of project activities in NPD? " 
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the focus is to explore the connection of perceived uncertainty 

types and the project activities that are selected in order to deal 

with the perceived uncertainties. The focus is on the activity 

types that are chosen by individuals in the team and the research 

does not evaluate which is the best activity or the performance of 

the project. 

For RQ2: “Which activities (information activities, knowledge 

sharing, simulation) are selected in order to deal with specific 

uncertainty types (technological and organizational) in the NPD 

project?”, the focus is to explore how different uncertainty types 

can effect activity selection and understand the specific impact 

on technical versus organizational perceived uncertainty types. 

For the choice of the specific perceived uncertainty types for 

RQ2, we selected technical and organizational since they are 

considered the most important in NPD projects, especially in the 

project´s early phases. The remaining two perceived uncertainty 

types that were included in RQ1were excluded from RQ2 since 

resource and market uncertainty types were not as crucial and 

impactful in the NPD project as technical and organizational 

types This decision does influence the completeness of the re-

search, however it was a conscious choice made during the ex-

periment design phase and it is also included as a limitation of 

the research. However, we do believe in the contributions of the 

research once the focus is to explore how the uncertainty is per-

ceived and its influence on the activities selection and not specif-

ic perceived uncertainty types. 
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Figure 1-1 Research questions 

This thesis includes seven chapters. Chapter 2 presents the main 

concepts and the research context. Chapter 3 describes the meth-

odology chosen to address the research questions. Chapters 4 and 

5 present two papers that were developed to address the research 

sub questions. The papers explore the themes of uncertainty per-

ception, activity selection, new product development and innova-

tion. The papers follow a logical order by presenting and explor-

ing from the macro to the more specific. Chapter 6 provides a 

How does uncertainty perception affect 
project-activity selection in NPD?

What is the effect of 
the perception of 

different uncertainty 
types in the selection 
of project activities in 

NPD? (RQ1)

Which activities 
(information activities, 

knowledge sharing, 
simulation) are 

selected in order to 
deal with specific 
uncertainty types 

(technological and 
organizational) in the 
NPD project? (RQ2)
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discussion which contextualizes the two papers. Chapter 7 offers 

some conclusions and limitations of this research.  

Thesis 
structure

Introduction- Chapter 1 

Establishes the importance of the research, defines the RQs.

Literature Review -Chapter 2

Defines and describes the main concepts and context

Methodology- Chapter 3 

Describes the methodology

Paper Chapter 4 & 5

Journal paper 1 addresses the RQ : What is the effect of the perception of 
different uncertainty types in the selection of project activities in NPD? (RQ1). 
It provides an uncertainty framework related to NPD projects

Journal paper 2 addresses the RQ: Which activities (information, knowledge 
sharing, simulation) are selected in order to deal with specific uncertainty 
types (technological and organizational) in the NPD project? (RQ2) . The 
outcome  is the relation between uncertainty and activity

Discussion- Chapter 6

Discusses the research results in depth

Conclusion - Chapter 7

Presents and discusses the contributions of the research

Appendix - Conference paper 1 & Conference paper 2



New product development projects 21 

21 

2 LITERATURE REVIEW 
This thesis focuses on the intersection between uncertainty per-

ception and activity selection in the context of NPD projects. 

This intersection is related to the individual team member’s per-

ception of uncertainty as driving activity selection. The activities 

identified are performed to deal with the perceived uncertainty. 

This chapter reviews the relevant NPD literature and proposes a 

basic framework for the concepts addressed in this research, 

namely uncertainty, uncertainty perception and activity. The 

chapter concludes by proposing a research framework that posi-

tions the succeeding chapters within the wider literature. 

2.1 NEW PRODUCT DEVELOPMENT PROJECTS 

NPD describes a complex and multidisciplinary process, which, 

if successful, creates profit or if unsuccessful results in a market 

loss. The NPD process is crucial for firm  survival (Cooper 1990, 

Salomo, Weise, and Gemünden 2007, Huang et al. 2015b). NPD 

involves the development of a new product that can be an 

incremental or radical innovation (McDermott and O’Connor 

2002, Verworn et al. 2008). The term incremental innovation 

describes adaptations or improvements made to existing 

products, production processes or product delivery; radical 

innovation refers to the production of not previously produced or 

used technology that is new to the market (Song, X. M. and 

Montoya-Weiss 1998). 

Although NPD projects differ, common to them is a five major 

stage process that includes scoping, building the business case, 

developing, testing and validation, and product launch (Cooper 

2008a). The process may also include pre-development activities 
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at the front end of the process, such as idea generation and 

product definition (Cooper and Kleinschmidt 1988), and post 

launch review (Cooper 2008a). 

These activities are conducted by cross functional teams 

(Barczak and Wilemon 2003) of individuals from different 

disciplines who work together to develop the new product. The 

success of the project depends on this cross functional working 

and collaboration and communication across the whole project 

team(Barczak and Wilemon 2003, Cooper 2008a, Oehmen et al. 

2014). The selection of the individuals as team members is 

crucial and can influence project success; obligatory assignment 

to a team might be related to low enthusiasm for the project 

(Wolff 1989) while volunteering to be a team member might 

signal a high level of commitment (Barczak and Wilemon 2003). 

Team decision making introduces scope for uncertainty since, 

besides team members’ personal characteristics, such as 

background and gender, personality and cognitive style might 

have an effect (Dewberry et al. 2013). All these variables 

determine project performance.  

Performance in NPD projects is determined by several factors, 

two being team perceptions and subsequent actions. For 

example, Hoegl and Parboteeah (2006) describe the criticality of 

the team to an NPD project in promoting or hampering cross 

functional collaboration necessary for success. Uncertainty 

perception is linked to NPD performance because it influences 

team understanding or the project goal and the shared 

understanding of risk (Salomo, Weise, and Gemünden 2007, 

Carbonell and Rodríguez-Escudero 2009, Huang et al. 2015b). 

The behaviour of individual team members matters for overall 
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project performance (Garcia 2005). Since NPD is characterized 

by uncertainty, the level of uncertainty perceived by the 

individuals in the project team (Melander and Tell 2014, Cash 

and Kreye 2017) and the perception of a situation shape their 

subsequent actions. Ultimately, the perceptions of the team 

members are among the critical factors that determine NPD 

project performance , however this research does not focus on 

the project´s performance, only on the links between the 

perceived uncertainty by individuals in the NPD project team 

and activity selection. 

 

2.2 UNCERTAINTY 

Uncertainty is a broad  theme that has attracted interest from re-

searchers in various disciplines such as engineering (Muhanna et 

al. 2007), design (Blacud et al. 2009) and psychology (Tversky 

and Kahneman 1974, Cosmides and Tooby 1996) and resulted in 

several different frameworks. The literature uses different termi-

nology to define uncertainty; in the present research, uncertainty 

is defined as a “potential deficiency in any phase or activity of 

the process which can be characterized as not definite, not 

known or not reliable” (Kreye et al. 2012 p.683). 

Uncertainty tends to be described in terms its sources (Liberatore 

2002, Ragatz et al. 2002, Weck et al. 2007, Ullman 2009), 

dimensions (Walker et al. 2003), layers (Kreye et al. 2012a), lev-

els (Walker et al. 2003) and demonstration (Doupnik and Richter 

2003). In this thesis, we adopt the types proposed by O´Connor 

and Rice (2013) related to uncertainty types. This is in line with 

the research aim although it is important to identify the key con-

cepts of uncertainty. 
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There is a wide range of uncertainty types that occur in NPD 

projects. O´Connor and Rice (2013, p. 11) refer to “the domain 

from which the uncertainty is emanating” and propose a model 

that distinguishes four uncertainty types - technical, organiza-

tional, resource and market – which we call types. These types 

are defined based on empirical observation of radical innovation. 

The type of uncertainty is important because it affects both the 

members of the NPD project team and the NPD project 

(Melander and Tell 2014, Cash and Kreye 2017). For example, 

organizational uncertainty can affect the project’s strategic im-

portance, hierarchy and funding (O’Connor and Rice 2013). It 

can result in a project being terminated prematurely or key ob-

jectives not being achieved. Market uncertainty affects the NPD 

project by hampering anticipation of the potential user group 

during the development process (Herstatt and Verworn 2004) 

resulting in incompatibility between the product and the market. 

2.3 UNCERTAINTY PERCEPTION 

Uncertainty perceived by the individuals in the NPD team can 

stem from various sources including use and development of 

unproven technology, the need to remain competitive in the mar-

ket, lack of information and composition of the team (Tatikonda 

and Rosenthal 2000a, 2000b, McDermott and O’Connor 2002, 

Kim and Wilemon 2003, Huang et al. 2015b). 

Several frameworks have been proposed to explore both uncer-

tainty and uncertainty perception, in the fields of design (Cash 

and Kreye 2018a), psychology (Windschitl and Wells 1996) and 

management (Downey, Hellriegel, and Slocum 1975), among 

others. Uncertainty perception has been defined in various ways. 
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We adopt the description of “an individual’s experience of a sit-

uation, where s/he lacks relevant understanding and feels uncon-

fident or unsure” (Kreye et al. 2012 p.683). 

Uncertainty differs from uncertainty perception. The first is re-

lated to the situation, for example the future sales of a product 

can be uncertain in a specific market, while uncertainty percep-

tion is related to the self and it´s understanding of the situation, 

for example a manager is unsure of how the Asiatic consumer 

would perceive a product with American characteristics. Once 

uncertainty is perceived, understood, and processed by the indi-

vidual, he can perceive it, thus the term “uncertainty perception”. 

The individual then will them deal and react to it.  (Tversky and 

Kahneman 1974, Cash and Kreye 2017).” 

In the literature, uncertainty perception is related to several fac-

tors such as culture (Nutt 1988), past experience and beliefs 

(Tracey and Hutchinson 2016). In this thesis, we focus on the 

connections to  personal characteristics (Wiltschnig et al. 2013) 

and project characteristics (Tatikonda and Rosenthal 2000b, 

Sicotte and Bourgault 2008, Olausson and Berggren 2010), and 

consider uncertainty perception as driving project activities (Ball 

and Christensen 2009, Cash and Kreye 2018a). This understand-

ing is in line with the research aim. 

The relation between uncertainty perception and the characteris-

tics of individual project team members is important because 

every individual will have  different perception based on indi-

vidual personal and cultural characteristics (Doctor et al. 2001) 

(Tracey and Hutchinson 2016). Similarly, uncertainty perception 

will influence behaviours, emotions and actions (Tracey and 

Hutchinson 2016).  
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The literature focuses on specific types of uncertainty, such as 

technology and market uncertainty; a few studies treat several 

uncertainties in combination or separately. For example, Me-

lander and Tell (2014) investigate technological, organizational 

and commercial uncertainties while Lynn and Akgün (1998) ex-

plore market and technology uncertainties.  

Uncertainty perception can be a positive driver of activity if in-

dividuals feel motivated and proactive and can hamper progress 

if individuals feel unable to act (Gerber 2009). The perception of 

uncertainty drives activity selection (Rönnberg Sjödin et al. 

2016). Therefore, it is uncertainty perception and not (general) 

uncertainty that determines activities and, thus, successful NPD 

project  progress and management (Böhle et al. 2016).  

2.4 PROJECT ACTIVITY 

Activities are defined in terms of a goal directed system, as spe-

cific patterns that integrate cognition, behaviour and motivation 

in an observable phenomenon (Bedny and Harris 2005). There 

are several types of activities described by the literature as for 

example, design activity (“design activity is described in terms 

of the design goal, input knowledge and output knowledge to 

depict the change in the design knowledge” (Sim and Duffy 

2003 p. 201), however as the focus of this study is on NPD, we 

focus on project activities, that generally, can be described with 

respect to the predominant individual scale actions enacted by 

the project team members (Cash et al. 2015) and, thus, are driven 

by these individuals’ perceptions (Ball and Christensen 2009, 

Cash and Kreye 2018a)."   
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The design literature provides different descriptions of project 

activities. In this thesis we differentiate among, information, 

knowledge-sharing and representation activities (Cash and Kreye 

2018a). All three project activities have been suggested as fun-

damental to how individuals and, subsequently, teams and organ-

isations, deal with perceived uncertainty (Berchicci and Tucci 

2010, Cash and Kreye 2017). The relation between project activ-

ities and uncertainty is explored, for example, in the design field, 

by Cash and Kreye (2018a), who consider uncertainty perception 

to be a driver of design activities. 

Information activity is defined as the exploitation and manipula-

tion of objective data to improve processes or outcomes (Hult et 

al. 2004) and is related to gathering, processing and archiving 

data. It includes seeking data from sources such as files, books, 

internet, documents, journals and other sources (Robertson and 

Ulrich 1998, Muffatto and Roveda 2000). The literature high-

lights that information activity is motivated by uncertainty per-

ception because it leads to the acquisition of objective data to 

answer specific questions (Daft and Lengel 1986). Thus, infor-

mation activity is crucial for accomplishing the objectives of 

NPD projects. However, this poses specific management chal-

lenges as the amount of information to be dealt with is often so 

large that there is a need to coordinate individuals from several 

departments to cope with it (Lawrence and Lorsch 1967). Infor-

mation activities enable managers to reduce uncertainty since 

they lead to the acquisition of objective data to address challeng-

es (Daft and Lengel 1986).  

Knowledge sharing activity refers to project teams’ actions and 

interactions to exchange and integrate knowledge with respect to 

their understandings and beliefs (Hult et al. 2004). Knowledge 
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sharing is critical for the development and outcome of NPD 

(Mehta et al. 2014) because it forms the basis of a shared under-

standing among the NPD team (Hult et al. 2004). Knowledge-

sharing activities deal with acquisition and exchange of 

knowledge with others in the same or different departments in 

the company, or with suppliers and customers (Daft and Lengel 

1986, Hult et al. 2004). Knowledge sharing can be supported by 

regular meetings and training events (Hult et al. 2004), telephone 

conversations (Davenport, Thomas H and De Long, David W 

and Beers 1998) and email exchanges (Wasiak et al. 2011). 

Knowledge sharing is a crucial part of an NPD project because it 

is through such activities that the individuals in a team achieve a 

shared understanding of the project´s challenges, which allows 

the team to achieve the project´s aims (Hult et al. 2004).  

In decision making in the NPD context, knowledge sharing is 

crucial, since, to develop new products through innovation, re-

quires the collaboration of several different individuals from dif-

ferent departments who need to integrate, share and transfer their 

knowledge to achieve successful NPD (Edmondson and 

Nembhard 2009, Kleinsmann et al. 2010). Also relevant is 

knowledge transfer, required to share knowledge across depart-

ments. The level of integration of project activities is linked to 

efficient knowledge transfer in projects (Carbonara and Scozzi 

2006). Therefore, knowledge transfer is important for overall 

project success  contributes to the development of future projects 

(Bessant and Francis 1997). 

Representation activity describes practices that allow the indi-

vidual to externalise his or her understanding of certain elements 

of the product in order to, for example, evaluate its physical at-
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tributes in relation to the NPD goal (Cho and Eppinger 2005) or 

to, test and learn, especially in condition of high technology un-

certainty (Chen et al. 2012). Representation includes prototyp-

ing, product mock-ups and computational simulations (Fox et al. 

1998), and has been described as bringing to life elements of the 

new product for verification and learning purposes (Meyer and 

Pich 2002). In addition, representation enables the incorporation 

of individual ideas in a (virtual) reality and to visualise their 

technical feasibility before launching the new product (Chen et 

al. 2012, Gassmann and Schweitzer 2014). This activity connects 

physical and mental simulations, through which the individual 

can test understanding by creating and manipulating an external 

representation (Christensen and Schunn 2009). Representation is 

a crucial part of the NPD project because it improves individual 

understanding of the product functions and enables managers to 

reduce uncertainty by increasing understanding of the product 

elements and their potential interactions (Maher and Poon 1996, 

Dorst and Cross 2001). It introduces specific management chal-

lenges related to effective utilisation of the various representa-

tional tools available, and the coordination with other activities 

(Cho and Eppinger 2005). 

2.5 RESEARCH FRAMEWORK 

This research uses a framework that conceptualises uncertainty 

perception as a driver of activity selection in NPD. It investigates 

different perceived uncertainty categories as drivers of different 

project activities. This research distinguishes four uncertainty  

types: technical, organizational, resource and market (O’Connor 

and Rice 2013) and three activity types - information activity, 

knowledge-sharing activity and representation activity (Daft and 

Lengel 1986, Fox et al. 1998, Hult et al. 2004). 
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The existing theory on the link between uncertainty types and 

activities indicates that some of these connections are more like-

ly. For example, Gassmann and Schweitzer (2014), in their study 

on management of the fuzzy front end, show that virtual or real 

prototypes (i.e., representation activity) can reduce technical un-

certainty. Similarly, Song and Montoya-Weiss (1998) show that 

designing, testing and building the product enables a project 

team to increase its understanding regarding the newly devel-

oped products. In addition, technical uncertainty has been linked 

to prototype development proficiency in a study of NPD effec-

tiveness (Souder et al. 1998). This causal link between perceived 

technical uncertainty and representation activity is fairly well 

established in the literature. One plausible connection is the link 

between organisational uncertainty and information activity. The 

existing literature states that internal data from previous NPD 

project can enable the project team to avoid previously made 

mistakes related to project process or schedules (Bessant and 

Francis 1997, Nihtilä 1999a). Similarly, benefits can be derived 

from knowledge sharing activities that enable coordination 

among team members to create shared understandings about the 

project and the product development process (Nihtilä 1999b, 

Frishammar et al. 2011).  

However, the theory on the link between specific uncertainty 

perception types and activity types in the context of NPD is 

scarce. It is important, also, to consider the multiple uncertainties 

perceived by project team members. The literature tends to focus 

on technical and market uncertainties and overlook other types 

of perceived uncertainties.  



Research framework 31 

31 

There is a lack of consensus on the link between specific types of 

perceived uncertainty and the driver of specific activities in an 

NPD context. The gaps in the literature include: 1. an established 

link between uncertainty perception as a driver of different pro-

ject activities; 2. lack of detailed insights into the specific links 

related to how each type of uncertainty is perceived by the indi-

vidual and the different project activities triggered. 
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3 METHODOLOGY 
This chapter describes the research methodology, that is, the way 

the different studies and methods were designed and how they 

interlink (Hair Jr. et al. 2011). The methods are introduced and 

described in more detail in the relevant chapters of this thesis. 

First, the research questions are formulated, followed by an ex-

planation of the research phases and the research approach and 

the specific methodology applied to address each research ques-

tion. 

3.1 RESEARCH QUESTIONS & APPROACHES 

The research aim is to explore the relationship between how un-

certainty is perceived and project activity it drives. The overall 

objective is to address the research question: how does uncer-

tainty perception affect project-activity selection in NPD? To 

understand this relation, the research question is broken down 

into two research sub questions (see Figure 3-1). 
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Figure 3-1 Research questions 

To address the research sub questions, we adopt a methodology 

based on theory building and testing cycles (Cash 2018). Figure 

3-2 depicts this cycle and shows how the research fits. The theo-

ry building phase includes “definition of variables and limitation 

of domain” (Cash 2018 p. 89), provides a mapping of the inter-

connections among the variables and identifies some patterns of 

“relationship building” (Cash 2018 p. 89), which explains these 

connections. It is also relevant to consider “ prediction, testing 

How does uncertainty perception affect 
project-activity selection in NPD?

What is the effect of 
the perception of 

different uncertainty 
types in the selection 
of project activities in 

NPD? (RQ1)

Which activities 
(information activities, 

knowledge sharing, 
simulation) are 

selected in order to 
deal with specific 
uncertainty types 

(technological and 
organizational) in the 
NPD project? (RQ2)
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and validation” present on the theory testing part of the circle, on 

this research, once it is related to “testing a theoretical model 

emerging from the previous step and predicting future outcomes” 

(Cash 2018 p. 89), which is the base for the second phase of the 

research that uses the model built on the phase one. The combi-

nation between the multi case study and the experiment allow the 

building of the basis for the prediction link between specific per-

ceived uncertainty types and the selection of specific activity 

types to deal with the perceived uncertainty. These data gave in 

depth information, qualitative and quantitative, enough to start 

the exploration of this link and open doors for future research. 

 

Figure 3-2 The theory building/testing cycle showing the ‘spiral’ 

build-up of scientific knowledge (Cash 2018) 

The division of the main research question into two sub ques-

tions was made because the research follows a “funnel ap-

proach” on its methodology, meaning that the first question was 

more general while the second question (as the funnel narrows) 

is more specific. For the methods choice, a multi case study was 

decided for the first sub question as it allows exploring the vari-

ables and its relation in depth with a qualitative approach. For 

the second sub question an experiment was carried out which 

RQ1 

(Chapter 4) 

RQ2 

(Chapter 5) 
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would give qualitative and also quantitative data regarding the 

link of perceived uncertainty and activity selection, which fol-

lows the second step of the “funnel approach” by giving even 

more depth by adding also a quantitative side. When combined, 

the data obtained is rich and in-depth information on the pro-

cesses of uncertainty perception and activity selection in the con-

text of NPD projects, fitting into the “definition of variables” and 

“relationship building” in the wider theory building process in 

this research. It also allows the theory testing part with “predic-

tion, testing and validation”, which therefore supports the com-

bination of the two studies phases carried out.” 

The research methodology involved a mix of different methods 

and data collection to provide rich and in-depth information on 

the processes of uncertainty perception and activity selection in 

the context of NPD projects. The research consists of two phases 

whose characteristics are presented in Table 3-1 and the details 

of the motivation for the methodology approach chosen, data 

collection and analysis are detailed as followed 

 

Table 3-1 Characteristics of the research phases in line with the re-

search methodology 
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  Research phase one   Research phase two 

RQ What is the effect of the 

perception of different 

uncertainty types in the 

selection of project ac-

tivities in NPD? (RQ1) 

 

Which activities (infor-

mation, knowledge shar-

ing, simulation) are se-

lected in order to deal 

with specific uncertainty 

types (technological and 

organizational) in the 

NPD project? (RQ2) 

 

Units of 

analysis 

Project teams and indi-

viduals 

Individuals 

Method  Two case studies based 

on semi-structured in-

terviews, secondary 

data and observations 

 

Experiment  

 

Outcome Insights into the linking 

mechanisms between 

perceived uncertainty 

types to specific project 

activities in NPD 

Linking specific uncer-

tainty types to specific 

project activities, espe-

cially technical and or-

ganizational uncertain-

ties, linking each of 

them to specific activi-

ties 

 

The first phase involves the understanding of uncertainty percep-

tion and related activity selection with a multi case study ap-

proach. This is a suitable approach for three main reasons. First, 

as the nature of this research is exploratory, the qualitative case 
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study approach is fit to answer the RQ (Noor 2008). Second, a 

qualitative approach makes it possible to investigate phenomena 

that are specific to a context, and describe key influences and 

relationships (Barratt et al. 2011, Yin 2009). This is relevant be-

cause uncertainty perception´s influence on activity selection in 

NPD projects is context related and requires depth to establish 

causal relationships. Third, case studies are valuable when there 

is a lack of theory elucidating the researched phenomenon (Ei-

senhardt and Graebner 2007), as is the case in current descrip-

tions of the relationship between uncertainty perception and ac-

tivity selection in NPD.  

In relation to the selection of the two cases that are used on the 

first phase of the research, the cases were chosen based on their 

similarities and differences. The similar context of the cases 

within the same company offers a basis for triangulating the 

findings, building theory, and mitigates the influence of the bias 

in the observer (Voss et al. 2002). Differences concerned the 

customer segment and technologies involved, providing an ideal 

basis for examining the different uncertainty types and their im-

pact on project activities. Furthermore, the cases follow the con-

ception of theory building from cases once they are distinct ex-

periments, are an analytic unit and when confirming new con-

nections increase confidence in the validity of the connections 

(Yin 1984, Eisenhardt 1989, Eisenhardt and Graebner 2007).   

Regarding data collection from the cases, the data were collected 

via multiple sources (Yin 2009) including semi-structured, in-

depth, face-to-face interviews with individuals from the project 

teams. Specifically, over the research period of 4 months, 30 

people were interviewed for Case A and 15 for Case B. The dif-
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ference in number of interviewees between the two cases is 

based on the difference in the project team size. Case A consist-

ed of 40 individuals and Case B of 24. The interviewees were 

selected based on their responsibilities in the case projects, once 

the research wanted to have an overview of the project team, 

managers, project members and other key stakeholders were se-

lected. The selection criteria was based on being in early phases 

of the project or/and on the ongoing phases of the product devel-

opment of the project. Follow up interviews were made to 

achieve data saturation.  Also, secondary data was gathered to 

complement the insights from the interviews. Specifically, the 

researchers emerged themselves in the organisation for a period 

of four months. This enabled the researchers to gather in-depth 

insights via ad-hoc unstructured meetings and interviews, inter-

nal project documentation, project reports, and field notes. This 

secondary data captured process structure and activities in the 

company and enabled the researcher to contextualise insights 

from the inter-views as well as triangulate findings. 

The phase one data analysis was made in an iterative process. 

The data was coded based on the conceptual frame that was built 

in the first study (see Chapter 4 for more details) to identify per-

ceptions of the different uncertainty types and project activities. 

Following this, axial coding was used to identify links between 

the codes and identify patterns (Miles et al. 2014). At every 

stage, empirical insights were contrasted with the literature to 

ensure conceptual clarity and identify differences. The prelimi-

nary conclusions were presented to the case company to increase 

validity of insights and obtain further feedback (Barratt et al. 

2011). To establish the replication logic, the cases followed the 

literal replication, which is when the cases are designed to vali-
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date each other and each case confirms the conclusion from the 

other (Yin 1984, Vohra 2014)." 

The second phase of the research involves the exploration of the 

link between specific uncertainty types and the selection of spe-

cific activity types with an exploratory quasi-experimental study 

based on scenarios. This phase complements the previous study 

phase and gives more in-depth information in relation to the 

same link between perceived uncertainty and activity selection. 

This approach was chosen once the focus was to investigate the 

relationships of the variables without the full experiment control 

(Campbell and Stanley 1963, Adelman 1991) and to be based on 

scenarios is a suitable approach for three main reasons. First, 

storytelling scenarios have already being used in research related 

to product development with new technologies (Van Den Hende 

and Schoormans 2012). Second, scenarios are also used for re-

search on verbal uncertainty expressions (Clark 1990) and in 

new product context because they enable the exploration of mul-

tiple concepts further (Schweitzer and Hende 2017). Third, sce-

nario narratives are associated to perceived realism by the indi-

vidual as they relate to the scenarios as truths as they get cogni-

tively involved (Green and Brock 2000, Green 2004). 

Regarding data collection, the experiment was done in two stag-

es with two samples. First, we had 74 students from a technical 

university in a Scandinavian country. The students were sampled 

based on the course they were doing and were selected students 

from the Master degree in Design and Innovation. The participa-

tion on the experiment was volunteer and the experiment was 

introduced in classroom with the acknowledgement from the 

professors, in the Qualtrics software and also on paper based to 
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improve the number of participants. In total it was 45 answers on 

paper and 29 online. On the second stage with the second sam-

ple, we used Qualtrics services to recruit participants and in total 

it was 50 professionals including project managers, product 

managers and team leaders. The responses were collected solely 

online using Qualtrics software and service once it was a sample 

with a specific profile. To achieve a representative sample the 

individuals from Qualtrics database were invited by email to par-

ticipate and selected randomly. Their profiles were also checked 

by Qualtrics service to certify they were suitable for the require-

ments of the research. This approach fits the research aim in 

general once with multiple experiments it is possible to find pat-

terns on the data which improves the theoretical generalization 

of the findings. 

In regards to data analysis, the process was made into two main 

steps. First, the qualitative answers were coded to identify per-

ceived uncertainty type and project activities, for this it was used 

open coding to identify the main categories followed by axial 

coding to relate the categories to their subcategories (Becker 

2005). The data was coded by two researchers in order to 

achieve the inter-code reliability and to deal with its challenges 

like the discriminant capability of the coding scheme and uniti-

zation (Campbell et al. 2013). A coding scheme based on the 

open coding and our conceptual framing of uncertainty types and 

project activities was developed to ensure the criteria of the cod-

ing in a recursive and iterative process that enabled the under-

standing of the phenomenon (Weston et al. 2001). Second, the 

codes were transferred into categorical variables where the activ-

ity name was changed to a number (information activity to 1, 

knowledge sharing to 2, representation to 3 and decision point to 

4) for the content analysis which enable to focus quantitatively 
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on the frequency which categories are cited in the data in general 

(Leech and Onwuegbuzie 2008) and in order (activity 1, 2 and 

3). 

The two studies address the overarching research question of 

How does uncertainty perception affect project-activity selection 

in NPD, by presenting the relation between specific perceived 

uncertainty types and specific project activity types in an NPD 

context. 

The following chapters, 4 and 5, are formatted and presented as 

journal papers, and give further information about each study 

phase.
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4 UNCERTAINTY PERCEPTION AND 

ACTIVITY SELECTION IN NPD PRO-

JECTS 
 

This chapter is formatted as the journal paper 1 for the thesis.  

 

Abstract 

Uncertainty perception drives activity in New Product Develop-

ment (NPD), and its management is critical to performance. 

However, a gap remains in understanding what activities NPD 

teams engage in when perceiving different types of uncertainty. 

We investigate this gap based on four uncertainty perception 

types (technical, organizational, resource and market) and three 

project activities (information, knowledge sharing and represen-

tation). We present evidence from two cases with 45 interviews, 

observations, and secondary data. Based on this we show that 

specific uncertainty perception types trigger specific project ac-

tivities. From these conclusions, we distil a number of implica-

tions for NPD theory and practice. 

 

Keywords: uncertainty perception, activity, new product devel-

opment 
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4.1 INTRODUCTION 

New Product Development (NPD) projects are critically influ-

enced by the uncertainty perceived by the project team 

(Melander and Tell 2014, Cash and Kreye 2017). Uncertainty 

perception affects how people act (Downey and Slocum 1975, 

Kreye 2016) and can thus negatively impact performance by 

making activities and decisions more challenging (Zhang and 

Doll 2001). For example, uncertainty perception can influence 

the clarity of the project´s goal (Aronson et al. 2006). Under-

standing how teams deal with uncertainty, can point to key in-

sights for improving project performance (Carbonell and 

Rodríguez-Escudero 2009). Yet uncertainty can be defined in 

relation to different uncertainty types (Aronson et al. 2006, 

O’Connor and Rice 2013) which in turn affect perception and 

project activities differently (Schrader et al. 1993). For example, 

technical uncertainty arises from the NPD task with respect to 

the technical details of the product (Schrader et al. 1993), while 

market uncertainty defines the lack of understanding the future 

market of this new product (NDao and Zmud 2013). Similarly, 

many companies struggle with internal uncertainty from resource 

availability and project structures (Conforto and Amaral 2016), 

while other are affected by turbulent environments (Akgün et al. 

2007). Each uncertainty type are perceived differently and in 

turn motivates different project activities (Nagano et al. 2014). 

Project activities define the specific observable patterns that in 

combination create the NPD output (Bedny and Harris 2009). 

Project activities can be generally described with respect to the 

predominant individual scale actions enacted by the project team 

members (Cash et al. 2015). For example, a common project ac-
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tivity is a market study, used to gather customer data, during 

which the team is primarily engaged in information actions 

where they seek, elicit, and archive data (Murphy and Kumar 

1997). Other project activities include knowledge sharing, which 

can foster shared understanding (Hult et al. 2004), and represen-

tation, which can foster understanding with respect to the mod-

elled artefact (Christensen and Schunn 2009). Thus, different 

project activities have been described in the literature and affect 

NPD project outcome differently (Hult et al. 2004). 

The aim of this paper is to connect the literature streams on un-

certainty perception and project activities to explore which un-

certainty types can be addressed through which project activities. 

Specifically, we pose the following research question: What is 

the effect of the perception of different uncertainty types in the 

selection of project activities in NPD?  We present insights from 

two case studies of NPD projects in a high technology company 

in the audio industry. The findings reveal that there are multiple 

perceived uncertainties associated with general project activities. 

This confirms existing theory as proposed by O´Connor and Rice 

(2013), by showing that technical, organizational, resource, and 

market uncertainty are perceived in NPD projects. Second, the 

results show that the general project activities, described in the 

design literature, describe the NPD process in organizations. 

This expands current literature by linking findings from the de-

sign community to the wider NPD literature. Third, these results 

extend theory by showing that specific uncertainty perception 

types trigger specific project activities. From these conclusions, 

we distil a number of specific implications for NPD theory and 

practice. 
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4.2 LITERATURE REVIEW 

4.2.1 NEW PRODUCT DEVELOPMENT 

New Product Development (NPD) describes a complex and mul-

tidisciplinary process that, if successful, creates profit or, if a 

failure, market loss, and is therefore crucial to a company´s sur-

vival (O’Connor and Rice 2013). NPD projects can differ sub-

stantially from each other in terms of, for example, product de-

velopment processes and level of newness (Verworn et al. 2008). 

The NPD process is often described in terms of five stages: ini-

tial idea selection, commercial evaluation, development, manu-

facturing, and merchandising (Salomo, Weise, Gemünden, et al. 

2007). Here the greatest opportunities for innovation are in the 

early stages, also known as the fuzzy front end. In these phases, 

uncertainty perception can be the cause of the “fuzziness” and 

influence decision making since there is not a completely under-

standing of technology, market, and project resources (Song et 

al. 2007).  

In NPD projects, performance is determined by the perceptions 

and subsequent actions of the team. For example, Hoegl and 

Parboteeah (2006) describe how teams are crucial to innovative 

projects since they allow the cross functional collaboration that 

is necessary for success. Perception influences the solidity of the 

project team’s understanding of the NPD goal and affects their 

shared understanding of risks (Salomo, Weise, Gemünden, et al. 

2007). Further, the behaviour of individual team members is vi-

tal to the overall performance of the project (Garcia 2005). As 

perception of a situation shapes subsequent action, it is ultimate-

ly the perceptions of the team members that determine NPD per-

formance and therefore form the focus of this research. 
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4.2.2 UNCERTAINTY PERCEPTION IN NPD PROJECTS  

Uncertainty can be defined as a “potential deficiency in any 

phase or activity of the process which can be characterized as 

not definite, not known or not reliable” (Kreye et al. 2012 

pg.683). It differs from uncertainty perception which is defined 

as an individual’s experience of a situation, where s/he lacks rel-

evant understanding and feels unconfident or unsure (Kreye 

2016). It is uncertainty perception that determines people’s ac-

tions and decision making (Cash and Kreye 2017). Uncertainty 

perception can provide a positive driver for activity and a poten-

tially negative block to progress if it is not managed (Rönnberg 

Sjödin et al. 2016). This paper thus focuses on uncertainty per-

ception as a determinant of NPD performance. 

O´Connor and Rice (2013) propose a model for distinguishing 

four uncertainty types: technical, organizational, resource, and 

market. These types were defined based on empirical observa-

tions in radical innovation and we utilise this distinction as a 

conceptual basis. 

Technical uncertainty is defined as the degree to which the un-

derlying scientific (technical) knowledge of the new product is 

understood and can be transformed into a physical product 

(O’Connor and Rice 2013). For example, product requirements 

and design parameters may not be completely clear at the outset 

of the NPD project (Wang et al. 2015). Technical uncertainty has 

been highlighted as particularly important in the early project 

stages (Herstatt and Verworn 2004). Further, the reliability of 

specific (new) product part’s design characteristics may not be 

known or knowable because interdependencies with other prod-

uct parts have not been tested or prototyped (Wagner and Hoegl 

2006). As a result, technical uncertainty in NPD can arise from 
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the product and its technical characteristics in terms of product 

components, integration and technology novelty (O’Connor and 

Rice 2013).  

Organizational uncertainty is defined as the gap between the ca-

pabilities an organization possesses and its needs (Galbraith 

1974). It is connected to the internal procedures of an organiza-

tion, such as changes in the strategic commitment in the project 

and is related to the processes, schedule, and budged of the NPD 

project (Nihtilä 1999a). Organizational uncertainty can affect the 

strategic importance of the project including its hierarchy and 

availability of finance (O’Connor and Rice 2013). Organization-

al uncertainty can be connected to the project process if this is 

new, innovative, and evolving (Frishammar et al. 2011). It can 

result in the project being terminated prematurely or key objec-

tives not being achieved. 

Resource uncertainty is defined as the lack of understanding re-

garding the continuity of resources, being financial or compe-

tence based that can be critical to the success of the project 

(O’Connor and Rice 2013). It can be connected to the funding of 

the project or the availability of external capabilities needed 

NPD (O’Connor and Rice 2013). It arises, for example, when the 

project team lacks a competency that is critical to the successful 

pursuit of opportunities and are required to seek partnerships 

(O’Connor and Rice 2013). It can be connected to suppliers 

when, for example, the availability of their input is uncertain 

(Melander and Tell 2014). This can affect performance due to 

unexpected shortages in required material or resources 

(O’Connor and Rice 2013). 
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Market uncertainty is defined as the degree markets are defined, 

including the customer needs and wants being completely under-

stood (O’Connor and Rice 2013). It can affect the NPD project 

because future use or user group cannot be anticipated during the 

development process (Herstatt and Verworn 2004). This can af-

fect performance due to the product and market not being com-

patible as expected. 

4.2.3 PROJECT ACTIVITIES IN NPD 

Project activities are defined as a goal directed system that inte-

grates cognition, behaviour, and motivation into an observable 

phenomenon (Bedny and Harris 2009). Project activities are fun-

damentally connected to the specific actions carried out by indi-

vidual team members and are thus driven by the perceptions held 

by these individuals (Cash and Kreye 2017). Different descrip-

tions of project activities have been described specifically in the 

design literature. Here, information activity, knowledge-sharing 

activity, and representation activity are differentiated (Cash and 

Kreye 2018a). All three of these project activities have been de-

scribed as fundamental to how individuals, and subsequently 

teams and organisations, reduce uncertainty perception 

(Berchicci and Tucci 2010, Cash and Kreye 2017). These activi-

ties have not been described for NPD and investigating their ap-

plicability in this setting is one objective of this research. 

Information activity is defined as the exploitation of objective 

data to improve processes or outcomes (Hult et al. 2004) and is 

related to gathering, processing, and archiving data. It includes 

seeking data from sources such as files, books, internet, docu-

ments, journals, and other such sources (Robertson and Ulrich 

1998, Muffatto and Roveda 2000). The literature has highlighted 

that information activity is motivated by uncertainty perception 
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because it leads to the acquisition of objective data to answer 

specific questions (Daft and Lengel 1986). Thus, information 

activity is crucial to accomplishing the objectives of NPD pro-

jects. However, this poses specific management challenges as the 

amount of information to be dealt with is often so large that there 

is a need to coordinate individuals from several departments to 

cope with it (Lawrence and Lorsch 1967).  

Knowledge sharing activity refers to the actions and interactions 

in project teams where they exchange and integrate knowledge 

expressed with respect to their understanding and beliefs (Hult et 

al. 2004). Knowledge sharing is critical to the development and 

outcome of the NPD (Mehta et al. 2014) because it forms the 

basis for developing shared understanding in the NPD team 

(Hult et al. 2004). Knowledge-sharing activities deal with acquir-

ing or exchanging knowledge with others from the same or dif-

ferent departments in the company or even from suppliers or cus-

tomers (Daft and Lengel 1986, Hult et al. 2004). Knowledge 

sharing can be supported via various means, including regular 

meetings and training events (Hult et al. 2004), telephone con-

versations (Davenport, Thomas H and De Long, David W and 

Beers 1998), and email exchanges (Wasiak et al. 2011). 

Knowledge sharing is thus a crucial part of NPD projects be-

cause it is through such activities that the individuals in a team 

mature a shared understanding of the project´s challenges ena-

bling the team to achieve the project´s aims (Hult et al. 2004). 

Representation activity describes practices by which an individ-

ual externalizes their understanding of certain elements of the 

product in order to, for example, evaluate its physical attributes 

in relation to the NPD goal (Cho and Eppinger 2005). Represen-
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tation includes prototyping, product mock-ups, and computation-

al simulation (Fox et al. 1998). As such, this activity connects 

physical and mental simulation, where an individual tests their 

understanding by creating and manipulating an external repre-

sentation (Christensen and Schunn 2009). Representation is thus 

a crucial part of the NPD project because it enables a person to 

improve their understanding of e.g. product functions, and thus 

reduce their uncertainty perception. Again, this brings specific 

management challenges in effective utilisation of the various 

representational tools available, and its coordination with other 

activities (Cho and Eppinger 2005). 

4.2.4 CONCEPTUAL FRAMEWORK  

We base our research in a framework conceptualising uncertain-

ty perception as a driver of activity selection in NPD. We inves-

tigate uncertainty perception with respect to four uncertainty 

types: technical, organizational, resource, and market. Specifical-

ly, we investigate how these four uncertainty types manifest 

themselves in NPD projects in terms of their perception by the 

individual team members. We further investigate project activi-

ties with respect to three activity types: information, knowledge 

sharing, and representation. We aim to identify how project ac-

tivities are linked to uncertainty perception. 

4.3 METHOD 

To investigate our research question, two case studies are pre-

sented. This is a suitable approach for three main reasons. First, 

as the nature of this research is exploratory, the qualitative case 

study approach is fit to answer the RQ (Noor 2008). Second, a 

qualitative approach makes it possible to investigate phenomena 

that are specific to a context, and describe key influences and 



52  Uncertainty perception and activity selection in NPD projects 

 

 

relationships (Barratt et al. 2011, Yin 2009). This is relevant be-

cause uncertainty perception´s influence on activity selection in 

NPD projects is context related and requires depth to establish 

causal relationships. Third, case studies are valuable when there 

is a lack of theory elucidating the researched phenomenon 

(Eisenhardt and Graebner 2007), as is the case in current descrip-

tions of the relationship between uncertainty perception and ac-

tivity selection in NPD.  

4.3.1 CASE STUDIES 

The two cases focussed on NPD projects in a high technology 

company in the audio industry dealing with consumer electronic 

products, such as headphones. The audio industry was selected 

as being innovative, highly competitive, and because the launch 

and development of new products is crucial for companies in this 

area. The case organisation had around 1,200 employees and 

forms part of a larger business that operates globally.  

The two cases focus on the company’s two main customer seg-

ments. Case A focuses on sports equipment, which is marketed 

directly to private consumers, while Case B focuses on headsets, 

which are marketed to business customers. Case A dealt with the 

creation of headphones including two wireless earbuds and the 

charging case. Case B dealt with the creation of a modular head-

set including the headset itself, the controllers, the digital plat-

form and other features. The cases were chosen based on their 

similarities and differences. The similar context of the cases 

within the same company offers a basis for triangulating the 

findings, building theory, and mitigates the influence of the bias 

in the observer (Voss et al. 2002). Differences concerned the 

customer segment and technologies involved, providing an ideal 
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basis for examining the different uncertainty types and their im-

pact on project activities. 

4.3.2 DATA COLLECTION 

The data were collected via multiple sources (Yin 2009) includ-

ing semi-structured, in-depth, face-to-face interviews with indi-

viduals from the project teams. Specifically, 30 people were in-

terviewed for Case A and 15 for Case B. The difference in num-

ber of interviewees between the two cases is based on the differ-

ence in the project team size. Case A consisted of 40 individuals 

and Case B of 24. The interviewees were selected based on their 

responsibilities in the case projects. Follow up interviews were 

made to achieve data saturation. Table 4-1 lists the interviewees 

for the two cases.  

Table 4-1 Case Interviewees 

Case A: 30 interviewees Case B: 15 interviewees 

Project manager 1     

Project manager 2     

Project manager 3    

Project manager 4    

Product manager 1   

Product manager 2   

New product manager   

Acoustic engineer  

Project manager supporter (manu-

facturing)  

Director of the hardware and the 

manufacture test area  

User experience designer 1  

User experience designer 2   

Software developer 1 

Software developer 2 

Digital signal processing (DSP) 

engineer 1   

Digital signal processing (DSP) 

Project manager  

Project manager 2  

User experience lead  

Software architecture  

Software developer  

Digital signal processing (DSP) 

engineer 1  

Digital signal processing (DSP) 

engineer 2  

Manufacturing test engineer  

Product commercialization man-

ager 1  

Product commercialization man-

ager 2  

Industrialization project manager  

Cloud Project Manager  

Stress monitoring ANC  

Digital business development  

System engineer  
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engineer 2   

Technical lead (in the batteries)  

Software team lead    

Graphical designer   

System engineer  

Technical writer     

Firmware lead        

Antenna designer   

Antenna concepting  

Audio line manager  

Hardware line manager  

Insight team/Marketing manager  

Product commercialization man-

ager 1  

Product commercialization man-

ager 2  

Head of product marketing   

 

Interviews were guided by a protocol where interviewees were 

asked about the challenges encountered in the project and their 

response to these. We aimed to elicit examples of the activities 

taken to overcome each challenge. The protocol did not address 

uncertainty specifically because this can bias interviewees, thus 

‘challenges’ were used as an established proximal line of ques-

tioning (Kreye et al. 2013). The interview questions targeted the 

specific NPD stages covered by each project and took between 

30 and 60 minutes each. Each interview was held individually in 

dedicated meeting rooms, recorded, and transcribed.  

Secondary data was gathered to complement the insights form 

the interviews. Specifically, the researcher emerged themselves 

in the organisation for a period of four months. This enabled the 

researcher to gather in-depth insights via ad-hoc unstructured 

meetings and interviews, internal project documentation, project 
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reports, and field notes. This secondary data captured process 

structure and activities in the company and enabled the research-

er to contextualise insights from the interviews as well as trian-

gulate findings.  

4.3.3 DATA ANALYSIS 

The data were analysed following an iterative process. The data 

was coded based on the conceptual frame (Section 2.4) to identi-

fy perceptions of the different uncertainty types and project ac-

tivities. Following this, axial coding was used to identify links 

between the codes and identify patterns (Miles et al. 2014). At 

every stage, empirical insights were contrasted with the literature 

to ensure conceptual clarity and identify differences. The prelim-

inary conclusions were presented to the case company to in-

crease validity of insights and obtain further feedback (Barratt et 

al. 2011). 

4.4 FINDINGS 

The findings are separated by case, with the uncertainties per-

ceived by the individuals in the team presented followed by the 

associated activity selection. 

4.4.1 CASE A: SPORTS HEADSET FOR CONSUMERS 

Case A dealt with the development of a new technology in the 

form of a sports headset. The Antenna designer explained: “(…) 

the aim of the project is to produce a product that can deliver a 

really nice experience both in what we call cross body and in ear 

to ear performance. If you imagine that you have some kind of 

headset that you only wear in one ear then you want to com-

municate with your phone. (…) that is what we refer to as a 

cross body performance because somehow the signal has to 
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reach from the phone to ear piece and the other way around.” 

The development concerned three main parts: two wireless ear-

buds and the charging cradle. The earbuds connected to each 

other via magnetic induction and Bluetooth, and to the charging 

cradle by charging pins. The novel technical aspects were the use 

of wireless communication between the earbuds, and pin based 

interface between the earbuds and charging cradle. There was a 

strong focus on fuzzy front end development, where the team 

structured the process ad hoc based on process developments. 

4.4.1.1 Uncertainty perception 

Case A faced all four uncertainty types. Technical uncertainty 

was connected to two main areas: the use of new and unknown 

technology in the final product and the integration between 

product parts, including communication between them. To de-

velop the new product, the case company utilized new technolo-

gy as described by the Antenna designer: “…the challenge has 

been basically that we did not have a true wireless product be-

fore this one. So this puts a lot of questions up in the air in the 

beginning of the project.” One example was the wireless charg-

ing cradle for the product as described by the Acoustic engineer: 

“the charging cradle turned out to be a major development ob-

stacle- we have never done anything like that and we thought it 

would be pretty simple because it is basically just a mechanical 

construction.” Once the requirements and technical details about 

the parts were ascertained, these had to be integrated into the 

final product, as the DSP engineer 2 explained: “the whole fea-

ture, which is probably the biggest seller of this product, has 

been difficult to arrange. They need to arrange (communication) 

from ear to ear, and that has been one of the critical things 

which required hardware and mechanical changes late in the 
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process”. The Product manager 1 confirmed this assessment: 

“we thought it would be relatively simple to integrate the feature 

part that ensures this connection between the two and it wasn’t. 

There was a lot of road blocks, a lot of obstacles that haven’t 

been anticipated or seen in the pre-study. So we thought that we 

were buying third party technology and could integrated into 

this and it would be a relatively simple part of the development 

to have that work and it wasn’t.” Thus, technical uncertainty was 

connected to the level of innovativeness in the to-be-developed 

product. 

Based on the technical uncertainty, Case A also experienced high 

levels of organisational uncertainty, specifically because the 

fuzzy front end of the project did not have a pre-defined process 

to follow. Organisational uncertainty arose from the use of new 

product development process methods where the locus of deci-

sion-making power was not clear. User experience designer 2 

explained: “we had to figure out who was in charge of [the spe-

cific technologies] and take decisions. The designer has some-

thing to say, mechanics team had, project manager and the user 

experience, and it was not easy to close.” Furthermore, the pro-

ject had a pre-defined deadline by which a prototype had to be 

functional and presentable at a product fair. The Software team 

leader explained this as follows: “so there is a huge uncertainty 

if we are going to meet our deadline (…) the deadline cannot be 

moved. (…). So whatever we do, whatever trouble we meet, we 

cannot move the deadline, we will have to deal with it in other 

ways. Maybe [we need to] put more people on it.” This pressure 

led to rotation of team members in the process. The System en-

gineer described: “some people have been working on the prod-

uct for a long time, some have just started, some have barely 
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heard about the product. So people are not on the same page.” 

Thus, organisational uncertainty arose from various issues within 

the project organisation connected to the unknown project pro-

cess and decision making locus as well as rotation of team mem-

bers.  

The case company also faced resource uncertainty in their in-

volvement of an external supplier. The Technical lead in batter-

ies: “so the challenge for me was to find the right battery. [And 

we] ended up having to do a new development together with our 

supplier.” A key problem in this context is described by the Pro-

ject manager supporter: “It turns out, just before they are about 

to ship, they find out [the product part] doesn’t work. I mean, it 

has some defects and we cannot use them. Then we have to wait 

another 3 weeks before we can get a new [product part].” Thus, 

resource uncertainty was perceived particularly in terms of this 

problem where the case company could not trust the supplier’s 

promises. 

Market uncertainty arose from consumer acceptance and possi-

ble competitor products. Specifically, consumer reaction to the 

novel product were a concern as described by User experience 

designer 2: “the new aspects of it actually we could not test real-

ly the acceptance of this concept, like, how do people react to it, 

how to sink the product when taking them out, and putting in the 

charger…”. As it was a new product concept, the team could not 

know beforehand the reaction of the consumer in relation to the 

new features and new technology. Further, market uncertainty 

was caused by potentially similar competitor products as Project 

manager 1 explained: “when we started [this project] nothing 

was happening, we knew of one competitor, now there is 15 
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maybe, so a lot is happening…” This would affect the market 

share the case company could attain with the developed product 

and thus contributed to their perception of market uncertainty. 

4.4.1.2 Activity selection 

To solve the technical uncertainty the team carried out a number 

of representational simulations and feasibility studies to improve 

their understanding of the technology. The Firmware lead ex-

plained: “There was a lot of reading … of research papers, I 

found different studies [where we found] out what it takes to do 

that kind of feature.” The development team also carried out 

simulations regarding the integration between product parts. The 

Antenna designer explained this process: “you build the simpli-

fied model, you simulate [how] the whole [product] and you will 

be answering to a lot of questions, can we put the microphones 

here, or can we put a dial here.” With these simulations, the 

team was able to understand how the product´s parts could be 

integrated and were able map the interferences between parts. 

This strategy enabled the team to better understand the parts in-

dividually as well as the whole product, reducing technical un-

certainty. 

To deal with the organizational uncertainty related to the un-

known process in the fuzzy front end, the project team engaged 

in intensive knowledge sharing in the early project stages. The 

company set up fifteen functional groups with different technical 

focus areas, such as “earbud power management, battery, true 

wireless earbuds, sweat resistance, user experience features, and 

comfort” (project documentation). Each functional group had 

specific tasks related to technical specifications and had a specif-

ic leader. Project manager 2 explained: “We had between 5 and 

20 different tasks to be explored within each functional group. 
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(…) And there was one person identified being the lead of that 

particular task.” The leader of the functional group was respon-

sible for “coordinating within team and towards other [function-

al groups], planning, and weekly reporting” team (project doc-

umentation). The leaders of all functional groups regularly met 

in a steering committee that had the function of “escalation 

point, approval of investments, weekly program review” (project 

documentation). This complemented the project manager whose 

tasks included: “coordination across streams, weekly reporting 

to the steering committee” (project documentation). There were 

regular meetings of the project team members to coordinate 

tasks. The members of each functional group met weekly to dis-

cuss methods, evaluate possibilities in the project, talk about the 

feasibility studies, align information and update the status of the 

tasks. Each leader would present a summary of this meeting to 

their functional group. The project manager then presented a 

summary at the weekly program review where the steering 

committee and project manager could discuss not only the tech-

nical part of the project but also align information, present the 

status of tasks, current milestones, and discuss feasible solutions. 

This strategy enabled the team to build a structure and process 

for the fuzzy front. 

In response to the resource uncertainty, the PD team regularly 

exchanged knowledge with the supplier as explained by the 

Technical lead: “we went down and had them go through the 

technology road map to show us how it would work.” They used 

this to align expectations about the product part in terms of func-

tionalities. With this strategy, the team was able to improve their 

understanding about how the supplier was working on the devel-

opment and made it possible to progress their relation and the 
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product. This helped them to overcome the problem of delivery 

delays in collaboration with their supplier. 

To deal with market uncertainty, the team acquired information 

about the potential use context and user interaction. The User 

experience designer 1 described: “we have done some more ori-

entational work in the form of street interviews and then we have 

done a deep dive, through context mapping, and then we did 

some ideation and concepting, based on the insights that were 

created.” These strategies helped the team to comprehend the 

potential market including customer needs. In addition, the team 

collected information regarding their competitors’ product 

launches, to identify potential future products. Project Manager 1 

described this: “I’m looking a lot at competitors, in the truly 

wireless in this wearing style specifically …so of course we are 

looking to them to see how big are the earphones, what features 

do they have, how do they handle all the charging case that we 

had such an issue with, is there a better implementation out 

there.” This strategy was also mentioned by the Antenna design-

er: “if somebody else releases their product prior to ours, you 

can buy a sample and you can put it on your head and you can 

walk around and you know, what is your feeling of the user ex-

perience of their product.“ With this strategy the team improved 

their understanding about the market, reducing their market un-

certainty. 

4.4.2 CASE B: CALL CENTRE MODULAR HEADSET  

Case B aimed at the development of a platform and an audio 

electronic product, as explained by Project Manager 1: “…we 

will develop a new generation for (this specific) product, with a 

new platform, features and products”. It consisted of one project 

in the fuzzy front end as explained by the same manager: “…we 
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started as a marketing research, what our competitors offer for 

the customer and we do not want to be outdated …”, but it also 

used the standard development process in the company, based on 

the Stage Gate model. 

4.4.2.1 Uncertainty perception 

In Case B, the company perceived high levels of technical uncer-

tainty connected to complexity of the modular product and nov-

elty of the utilized technology. The Manufacturing test engineer 

explained: “a family of products is more difficult because the 

variants take a lot of time, and sometimes it’s hard to focus on 

one product when you need to think about the whole big pic-

ture”. The new product would include many new features which 

would differ between specific products of the product family. 

The Digital signal processing engineer 1 described: “There is a 

lot of new stuff in this product. There are 10 new audio features. 

(…) usually the company already has issues when implementing 

only one new feature, and now we are doing 10 so that is a chal-

lenge”. The technology uncertainty was further increased 

through the modular product design as described by the Digital 

signal processing engineer 2 explained: “some headsets will 

have 3 microphones, and some will only have one, so it’s a com-

pletely different process chain. (…) but what happens when you 

put a lot of new features together that you never even try them in 

isolation (…) I expect a lot of problems, honestly, because it’s 

complicated and every time you do something new.” Thus, the 

case company faced high levels of technical uncertainty connect-

ed to the product’s modular characteristics and to its features. 

The organisational uncertainty in Case B was associated with the 

project´s complexity as the User experience lead described: “I 
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think that the main problem is adapting to the various changes 

because if it was only one product changing that would be easi-

er. But that combination [of product modules] makes it a bit dif-

ficult to see.” The System engineer confirmed this assessment: 

“One of the challenges is that it is such a big project, consisting 

of a lot of devices which means that we have to figure out and 

agree on a structure to actually write the requirements. Usually 

we just write for one product but you have to organize the re-

quirements differently when you have a lot of products where 

some requirements are common and some requirements are not 

common.” The project’s organizational complexity was mirrored 

in the variety of disciplines included in the product development 

as the Software architect explained: “I need to align the differ-

ence in the teams work, and its communication. There are bumps 

on the road, especially when you have people who have been 

here for a long time and want to keep doing what they have been 

doing [for a long time].” This view was further explained by the 

industrialization project manager as follows: “Working with a 

new team is always a challenge in a new project because (…) 

there are new people coming in. You have to build a relation-

ship, so I need to know what strengths and weaknesses the me-

chanical guy has and the hardware guys have, and some indi-

viduals in the team I deal with more than others.” The modular 

product in Case B required new competencies with regard to 

software development that many of the case company’s manag-

ers had not worked with before. The Digital business developer 

explained: “we have an issue of product managers not having 

adequate skills to understand all these new digital services. This 

is making it very hard because one hand you have people that do 

understand some of this (…) but on the other hand we are fol-

lowing our processes that are usually set up with very little room 
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for experimenting”. The company also faced organizational un-

certainty related to individuals in the project team being involved 

in more than one project at the same time, as explained by the 

System engineer: “we had some challenges in getting people the 

time to do the feasibility studies. I was in the hardware group on 

the feasibility studies but the hardware guy was very limited for 

time [because] he was in all the projects”. This situation was 

aggravated by the dependency between departments for the 

product development as described by the Manufacturing test en-

gineer: “We have so many dependencies, deliverables from other 

people, we order test features, we order equipment, we get deliv-

erables from software, we get stuff from the hardware team… we 

are so dependent on them.” These resource challenges made it 

difficult for the project to run and had an undesirable effect on 

the schedule as they caused project delays as the System engi-

neer mentioned: “(…) some of the feasibilities weren’t actually 

finished as for right now”. Thus, the case company in Case B 

faced high levels of organisational uncertainty arising from the 

project’s organisational complexity, level and variance of com-

petency required for working on the project, individuals involved 

in more than one project at the same time, and the dependency 

between departments. 

Market uncertainty was connected to establishing the needs for 

the new product. Changing requirements from business custom-

ers in the area offered opportunities for new software-based 

products as the Cloud project manager described: “the use case 

for the hardware department is more or less defined. But you can 

imagine a lot of different new use cases from the software per-

spective on top of the product where you can derive some infor-

mation and maybe make some new applications.” Thus, market 
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uncertainty arose from the potential differences in using the new 

product by the existing customer base, and not from potential 

new customers.  

4.4.2.2 Activity selection 

To deal with the organizational uncertainty, the team engaged in 

regular knowledge exchange activities. The Product commercial-

ization manager 1 explained: “I was attending a lot of these 

small technology meetings, regarding the project. They were 

talking about features, what the market requires, what do we 

need to fulfil, this new generation, this new platform, so there 

was a lot of discussions. (…) I think we met every week. And [in 

addition] there were a lot of workshops in the different disci-

plines and then meeting again with this wrap up meeting.” Regu-

lar meetings were also used to develop competencies within the 

PD team as explained by the Product commercialization manager 

2: “[We have] regular weekly meetings that are more infor-

mation sharing. They tell what they had done and what they are 

working on and what the status is.” Thus, knowledge sharing 

activities enabled the team to better align in terms of ways of 

working and understanding in relation to the project and product 

and thus reduce the organizational uncertainty they experienced. 

In response to the organizational uncertainty related to the indi-

viduals being in multiple projects, the product development team 

regularly aligned their knowledge regarding different project 

parts with regards to required resources. However, working on 

multiple projects was a typical organizational approach within 

the case company which meant that it was up to the individual 

employees to judge “which fire is higher” as mentioned by the 

Manufacturing test engineer: “More than one project at a time, 

it’s been hell, not knowing what to prioritize, we see which fire is 
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burning the most, which fire is the tallest”, and other team mem-

bers in informal interviews. To align activities between depart-

ments, specifically in terms of dependencies, the team coordinat-

ed activities during project planning and project progression. In 

project planning the team engaged in regular meetings as men-

tioned by individuals in informal interviews. During project pro-

gression, regular meetings were also used to check with other 

departments on their development as described in project process 

documentation, which showed the required collaboration be-

tween task-dependent departments for project milestones and 

deliverables. Thus, it was knowledge sharing activities that ena-

bled the case company to address organisational uncertainty.  

In response to the market uncertainty the project team acquired 

information regarding the product use. This included visits to 

customers to better understand their “pain points” (Project man-

ager 2). The Manufacturing test engineer explained: “he [project 

manager 2] likes to go out and talk to the user in the field and 

find what their pain points are, and that is something that he is 

able to do.” Furthermore, the project team did structured inves-

tigations into potential product use cases as explained by the Us-

er experience lead: “First of all we had this very large quantita-

tive data set pool from an earlier research regarding call centric 

users, and then we decided to elaborate on that and look more 

into the details on the specific users we were aiming on for this 

project. So we recruited respondents in that area. We went to the 

US and to places in Europe, and we talked to agents there, and 

the ones that were going to use these headsets. (…) The aim was 

to elaborate on our findings and our assumptions about what it 

is to work in a call centre and what the daily life looked like (…) 

and also to validate our feature assumptions. We have a lot of 
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features that we wanted to look into and see is this going to be a 

value for the user? Also asking them if it would be beneficial”. 

These strategies helped the team to comprehend their customers´ 

needs and reduce perceived market uncertainty.
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Table 4.2 Example of coding for perceived uncertainty and activities 

Technical Organizational Resource Market 

Uncertainty Activity Uncertainty Activity Uncertainty Activity Uncertainty Activity 

“not only about 

one technology 

thats is stuck 

inside, but how 

can we put them 

in together, and 

you know, put it 

together and 

make it reliable, 

so it can pass 

more than 3 years 

of tough use, but 

also so that is 

actually much 

more manufacta-

ble, so we can 

keep the total but 

also cost as low 

as possible, (Pro-

ject manager 2)” 

“I try to 

conduct this 

workshops at 

some point to 

really close 

this and be 

the driver on 

it but it was 

very difficult  

“ 

“we haven’t 

done discipline 

planning be-

fore so we 

have tried to 

come up with a 

solution that it 

would work for 

us since we 

already have 

all our tasks in 

a different 

system we are 

discussing a 

different way 

of planing 

(Software 

developer)” 

“We came up 

with an idea 

how to report in 

a basic plan to 

project man-

agement and 

them have all 

the details in 

our normal task 

tool and them 

we are going to 

implement 

scripts.” 

“It turns out, 

just before 

they are about 

to ship, they 

find out [the 

product part] 

doesn’t work. I 

mean, it has 

some defects 

and we cannot 

use them. Then 

we have to 

wait another 3 

weeks before 

we can get a 

new [product 

part].” 

“we went down 

and had them go 

through the tech-

nology road map 

to show us how it 

would work.” 

“we don’t 

know how the 

consumer will 

react to it or if 

they will like it 

(new product 

manager)” 

“we have done some 

more orientational 

work in the form of 

street interviews and 

then we have done a 

deep dive, through 

context mapping, and 

then we did some 

ideation and con-

cepting, based on the 

insights that were 

created.” 
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4.5 DISCUSSION 

Previous literature describe different perceived uncertainty types 

as technical uncertainty in a NPD task arises from the technical 

details of the product (Schrader et al. 1993), while market uncer-

tainty refers to lack of understanding of the future market for the 

new product (NDao and Zmud 2013). In addition, many compa-

nies struggle with internal uncertainties related to resources 

availability and project structures (Conforto and Amaral 2016), 

while others are affected by turbulence in their environment 

(Akgün et al. 2007). Similarly, literature already explored project 

activities as for example market study, which is aimed at gather-

ing customer data, the team engages primarily in actions to seek, 

elicit and archive information (Murphy and Kumar 1997), 

knowledge sharing, which can foster shared understanding (Hult 

et al. 2004), and representation, which can foster understanding 

with respect to the modelled artefact (Christensen and Schunn 

2009). Nevertheless, there was a gap in the connection between 

the literature streams on perceived uncertainty types and project 

activities to explore which uncertainty types can be addressed by 

which project activities. 

Table 4-2 summarizes the insights from the two cases as a basis 

for the discussion. The findings confirmed the four uncertainty 

types proposed by O’Connor and Rice (2013): technical, organi-

zational, resource, and market uncertainty. Further, the cases 

showed that the case company engaged in three project activities 

during NPD: information, knowledge sharing, and representation 

activity. Finally, our findings allow us to link uncertainty types 

to project activities, suggesting that the nature of uncertainty 

perception determines activity selection in NPD.  
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Table 4-2 Insights from cases 

 CASE A CASE B 

 Related to Project ac-

tivity 

Related to Project ac-

tivity 

Technical 

uncertainty 

Use of novel 

and unknown 

technology; 

complexity 

in integration 

between 

product 

parts; com-

plexity in 

communica-

tion between 

parts 

Representa-

tion: simula-

tion, physical 

prototyping, 

and feasibil-

ity studies to 

improve un-

derstanding 

of the new 

technology, 

and integra-

tion of prod-

uct parts  

Use of 

novel tech-

nology; 

complexity 

in integra-

tion of the 

modular 

product 

Representa-

tion: physical 

prototyping 

and feasibil-

ity studies to 

improve un-

derstanding 

of product 

features 

Organiza-

tional uncer-

tainty 

No pre-

defined or-

ganizational 

process for 

the fuzzy 

front end; 

implementa-

tion of a 

novel PD 

process; un-

clear locus of 

decision-

making pow-

er; frequent 

rotation of 

team mem-

bers 

Knowledge 

sharing: reg-

ular, struc-

tured meet-

ings through-

out to share 

insights on 

progress and 

organization-

al problems 

between the 

fifteen func-

tional groups 

Incon-

sistent stra-

tegic priori-

ty for the 

project; 

team split 

across pro-

jects; vary-

ing compe-

tencies and 

knowledge 

required for 

the devel-

opment 

tasks with 

high de-

pendency 

between 

Knowledge 

sharing: reg-

ular, struc-

tured meet-

ings during 

project plan-

ning and 

operation to 

align team 

tasks, ways 

of working, 

and under-

standing of 

the project 

and product  
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them 

Resource 

uncertainty 

Lack of trust 

in supplier in 

terms of de-

livery time 

and quality; 

high reliance 

on supplier 

competencies 

for develop-

ment of key 

product parts  

Knowledge 

sharing: reg-

ular multi-

modal ex-

change with 

the supplier 

to clarify 

delivery lo-

gistics and to 

align expec-

tations on 

product part 

functionality  

None ob-

served 

- 

Market un-

certainty 

Lack of 

knowledge of 

consumer 

acceptance 

and reaction 

to the new 

product; 

increasing 

number of 

competitor 

products 

targeting 

similar con-

sumer groups 

Information: 

survey of 

data on po-

tential use 

context, user 

interaction, 

and competi-

tors’ products 

to character-

ise potential 

future prod-

ucts and 

Lack of 

knowledge 

of consum-

er ac-

ceptance of 

the new 

product by 

existing 

customers; 

lack of 

knowledge 

of potential 

new cus-

tomers and 

segment 

Information: 

survey of 

data on po-

tential use 

context and 

user interac-

tions to char-

acterise po-

tential prod-

uct use 

across cus-

tomer seg-

ment 

 

The presented findings confirm existing theory by showing the 

perception and importance of all four uncertainty types proposed 

by O’Connor and Rice (2013). Technical uncertainty was con-

nected to the novelty of the technology that was being developed 

and the technical complexity of each product in terms of product 
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parts and their integration (Case A) and product modularity 

(Case B). Organizational uncertainty was connected to variation 

in development team structures due to team member rotation 

(Case A) and project priority (Case B). Further, these issues were 

exacerbated by the lack of clear process for PD work in the fuzzy 

front end (Case A) and competing project demands (Case B). 

Resource uncertainty was connected to the availability of re-

sources and capabilities from an external supplier, and was only 

observed in Case A. However, this aligns with O’Connor and 

Rice (2013), who did not observe resource uncertainty in all cas-

es. It is believed that as both presented cases were from the same 

company, using cross-functional groups, that probably the les-

sons learnt from one project passes to the next, which may be 

connected to knowledge sharing and knowledge transfer between 

teams in the company. Also, resource uncertainty, unlike the 

others (technical, organizational, and market) can have the les-

sons learnt passed and applied easily, especially if it is related to 

suppliers resources and capabilities, as it was observed. Market 

uncertainty was related to the customer of the to-be-developed 

product and the levels of acceptance in a new customer base 

(Case A) or potential changes in product use in an existing cus-

tomer base (Case B). Overall, these findings align with the work 

of O’Connor and Rice (2013), as well as specific descriptions of 

uncertainty perception offered by authors from across fields, 

such as Wagner and Hoegl (2006) and Ball et al. (2010). Thus, 

these findings generally confirm the application of existing theo-

ry in the NPD context, and form a credible basis for investigating 

the link between uncertainty perception and project activity in 

NPD. 
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This research offered a first description of the three general pro-

ject activities in NPD context, based on the design literature. In-

formation activity was related to research on consumers and 

competitors in both cases. Knowledge sharing activity was ob-

served with respect to multi-modal knowledge exchange, meet-

ings, and alignment of expectations in both cases. Representation 

activity was observed with regard to computational simulation 

and physical prototyping of the product as well as product part 

integration, again playing a critical role in both cases. While spe-

cific project activities have been described in the management 

literature, for example with respect to knowledge sharing (Hult 

et al. 2004), the model of the three project activities offer a new 

application of research in the design literature at the individual 

level (Cash and Kreye 2018a). Thus, this research extends the 

literature by offering new insights on the nature of project activi-

ties in NPD showing that information, knowledge sharing, and 

representation activities describe the NPD process on a project 

level. 

Finally, this research extends current theory by linking uncer-

tainty types to specific project activities in NPD. To reduce tech-

nical uncertainty, the project teams primarily engaged in repre-

sentation activity to evaluate and improve their understanding 

regarding the physical attributes and functionality of the product, 

and integration and interaction of its parts. Representation activi-

ty occurred in response to technical uncertainties to help identify 

suitable solutions for functional and developmental challenges as 

well as to test possible technical solutions with respect to product 

parts and their interaction (Cho and Eppinger 2005). 

To reduce organizational uncertainty teams engaged in 

knowledge sharing to create shared understanding through 
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alignment of work plans and schedules. Knowledge sharing 

through face-to-face meetings enabled the information-rich envi-

ronment needed to reduce organizational uncertainty (Daft and 

Lengel 1986) related to managing the project and the different 

contributions of the various team members and departments.  

To reduce resource uncertainty the teams also engaged in 

knowledge sharing in close collaboration and interaction with the 

supplier. This enabled them to solve issues directly through rela-

tional approaches (Kreye 2017), increasing the availability of 

external resources for the project (O’Connor and Rice 2013).  

To reduce market uncertainty the teams engaged in information 

activity where they gathered data on the consumer needs, the 

potential use of the product, and competitors’ products. The 

studies enabled the team to gain an in depth understanding about 

the product market and competitor products (O’Connor and Rice 

2013).  

Each uncertainty type was distinctly associated with a primary 

project activity. This research contributes to the NPD literature 

by showing a direct link between uncertainty type and project 

activity and subsequently offering specific insights for how un-

certainty can be reduced and managed in NPD. The study fo-

cused on instances where uncertainty was perceived to be nega-

tive, and thus where activity types aimed to reduce uncertainty. 

Furthermore, the findings resulted from clustering project activi-

ties in three categories, with further research needed to uncover 

how alternative strategies for each activity type are linked to 

specific contextual or task-related factors.  
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4.6 CONCLUSIONS 

This research investigated the research question: What is the ef-

fect of the perception of different uncertainty types in the selec-

tion of project activities in NPD? The findings first confirm ex-

isting theory as proposed by O´Connor and Rice (2013), by 

showing that technical, organizational, resource, and market un-

certainty are perceived in NPD projects. Second, we showed that 

general project activities, described in the design literature (Cash 

and Kreye 2017), can be used to usefully describe the NPD pro-

cess in organizations. This expands current literature by associat-

ing findings from the design community to the wider NPD litera-

ture. Third, and most importantly, these results extend theory by 

showing that specific uncertainty perception types trigger specif-

ic project activities. Specifically, we link technical uncertainty 

and representation activity, organizational uncertainty and 

knowledge sharing activity, resource uncertainty and knowledge 

sharing activity, and market uncertainty and information activity. 

These links contribute to the NPD literature, which has thus far 

focused on characterizing uncertainty types without linking them 

to specific activities. 

This research has important managerial implications as it enables 

managers of NPD projects to focus on facilitating the activities 

most critical when experiencing a specific uncertainty type. First, 

when engaging in NPD projects with high technical novelty and 

hence high levels of technical uncertainty, managers should in-

vest in supporting diverse representation activities including var-

ied simulation and feasibility studies. Second, when engaging in 

NPD projects with high organizational uncertainty through, for 

example, a large number of involved individuals and disciplines, 

managers are advised to focus on promoting diverse knowledge 
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sharing activities, particularly in the project set-up. Third, when 

engaging in NPD projects with high resource uncertainty, for 

example, when there is a need for external supplier participation, 

managers are focused on developing additional supplier focused 

knowledge sharing activities. Fourth, when engaging in NPD 

projects with high market uncertainty, managers are advised to 

invest in information activity in terms of research focusing on 

consumers or competitors. This research focuses on exploring 

the link of the activities that were used to deal with different un-

certainties and does not offer any judgment on if the activities 

performed were the most suitable or not for the perceived uncer-

tainty. 

This research further has important implications for future work. 

First, future work should explore these uncertainty types in dif-

ferent industries and the activities that they drive in such con-

texts. This research focused on the electronics sector showing the 

similarities between business markets and consumer markets. 

Further work needs to elaborate on these findings by investigat-

ing different settings. Second, future work should explore the 

link between uncertainty types and specific activities using a 

quantitative approach in order to distil more general relation-

ships.  
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5 UNCERTAINTY PERCEPTION AND 

ACTIVITY SELECTION IN NEW 

PRODUCT DEVELOPMENT: AN EX-

PERIMENTAL STUDY 
 

This chapter is formatted as the journal paper 2 for the thesis. 

 

Abstract 

 

Uncertainty perception drives project activity in New Product 

Development (NPD), and its resolution is crucial to understand 

project progression. However, there is a gap in our understand-

ing of how specific types of uncertainty drive specific activity 

types in an NPD team. We investigate this gap based on two 

types of uncertainty perception (technical and organizational) 

and their impact on three main project activity types (infor-

mation, knowledge sharing and representation). We present evi-

dence from an experiment involving 74 masters students and 50 

professionals. The results show that technical uncertainty drives 

representation activity while organizational uncertainty drives 

information and knowledge sharing activities. These results have 

a number of implications for NPD theory and practice. 

 

Keywords: uncertainty perception, activity selection, new prod-

uct development, innovation 
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5.1 INTRODUCTION 

Managing uncertainty is a continuous challenge for organiza-

tions engaged in New Product Development (NPD) projects 

(Tatikonda and Rosenthal 2000b, Hjalmarson et al. 2006, 

Stockstrom and Herstatt 2008). This uncertainty can be decom-

posed into different uncertainty types (Aronson et al. 2006, 

O’Connor and Rice 2013). For example, technical uncertainty, 

which is defined as the degree to which the technical knowledge 

of the new product is understood and can be converted into a 

product (O’Connor and Rice 2013), and organisational uncer-

tainty, which is defined as the gap between the organization’s 

capabilities and needs (Galbraith 1974). Despite uncertainty per-

ception being critical to innovation management (O’Connor and 

Rice 2013), research on this complex topic and its effects on 

NPD is still emerging. 

Uncertainty can affect projects by increasing the problems relat-

ed to project activities and making the correct course of action 

unclear (Song and Montoya-Weiss 2001, Zhang and Doll 2001). 

The project team can choose among different project activities 

that may help to reduce or manage uncertainty, and an effective 

selection is crucial for early phase project performance (Hans et 

al. 2007, Markham 2013, Cash and Kreye 2018a). For example, 

market and technological uncertainties are often perceived in the 

early stages of highly innovative NPD projects (Wang 2017). In 

this case, the team is uncertain about who is the target customer 

and, consequently, may undertake market studies to gather cus-

tomer data, which then then is processed via information activity 

(Murphy and Kumar 1997). This suggests that each uncertainty 

type is perceived differently and, in turn, motivates a different 
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type of project activity (Nagano et al. 2014). However, the caus-

al link between specific uncertainty types and specific project 

activities is unclear.  

NPD projects can present a mix of uncertainty types (Kreye and 

Balangalibun 2015), resulting in different individual perception 

of these uncertainties, which influences project activities (Li and 

Yu 2016). It is important to understand how different uncertainty 

types have different effects on uncertainty perception and subse-

quent activities (Schrader et al. 1993). This includes both the 

activity chosen and the time plan, available resources and incor-

poration of new activities (Herroelen and Leus 2005, Li and Yu 

2016). Consequently, uncertainty perception is crucial for the 

development of new products since it triggers activities that in-

fluence project performance (Salomo, Weise, Gemünden, et al. 

2007). Although several studies explore the connection between 

uncertainty types and project activities, there is a gap in our un-

derstanding of the specific impact of technical versus organiza-

tional uncertainty (Herstatt and Verworn 2004, O’Connor and 

Rice 2013). 

To address this gap, this paper addresses the following research 

question: Which activities (information, knowledge sharing, 

simulation) are selected in order to deal with specific uncertainty 

types (technological and organizational) in the NPD project?  

Based on empirical insights from an experimental study, we 

study the effect of technical uncertainty and organizational un-

certainty on project activities. Our findings suggest that technical 

uncertainty drives activities related to representation, while or-

ganizational uncertainty drives activities related to information 

and knowledge sharing. The results confirm the prominence of 

previously identified project activities in response to uncertainty, 
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and suggest an additional response - “change of situation”. The 

results extend the theory by showing that specific uncertainty 

perception types, technical and organizational, trigger specific 

project activities. Our findings have some concrete implications 

for NPD theory and practice. 

5.2 LITERATURE REVIEW 

An NPD project can be defined as a set of activities aimed at (re-

)developing a product or establishing the base for the generation 

of radically or incrementally innovative products, and compris-

ing several elements such as budget, team and timeline 

(McDermott and O’Connor 2002, Meyer and Pich 2002). NPD 

projects involve multidisciplinary processes (Verworn et al. 

2008, O’Connor and Rice 2013) and cross functional coopera-

tion among different departments, which requires good team 

communication (Pinto DATE, 1990, Danilovic and Sandkull 

2005). This creates complexity and undetected interrelations be-

tween project elements (Pinto, M ; Pinto 1990) and high levels of 

uncertainty (Koufteros et al. 2005) decrease managers’ under-

standing and abilities to deal with decision making. As such, un-

certainty is a critical aspect of a NPD project (Böhle et al. 2016) 

and can affect project outcome positively and negatively. The 

positive effects include unexpected opportunities emerging dur-

ing the innovation process (Perminova et al. 2008, Böhle et al. 

2016). The negative effects include managers’ reduced ability to 

make judgments and enact planned project activities due to  un-

certainty, which affects managers’ decision making (Kutsch and 

Hall 2005).  

The current research shows that uncertainty perception tends to 

drive activities in NPD projects (Cash and Kreye 2018a). For 
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example, Song and Montoya-Weiss (1998) show that product 

designing, testing and building can increase the project team’s 

understanding of the new product. However, there is an absence 

of research on the causal links between specific uncertainty types 

and specific project activities. It is this research gap that this pa-

per addresses. 

5.2.1 UNCERTAINTY PERCEPTION IN NPD 

Uncertainty is defined as “potential deficiency in any phase or 

activity of the process which can be characterized as not defi-

nite, not known or not reliable” (Kreye et al. 2012 p.683). Un-

certainty perception is defined as the individual’s experience of a 

situation; that is, the individual’s lack of understanding and lack 

of confidence and certainty (Kreye et al. 2012 p.683). Uncertain-

ty perception can be a positive driver of activity or, if not dealt 

with, can block progress (Rönnberg Sjödin et al. 2016). It is un-

certainty perception and not (general) uncertainty that deter-

mines project activities and, thus, successful project progress and 

management in NPD (Böhle et al. 2016). This research investi-

gates uncertainty perception. 

Depending on their source, various uncertainty types can be dis-

tinguished, including technical uncertainty, organizational uncer-

tainty, resources uncertainty and market uncertainty (O’Connor 

and Rice 2013). Technical uncertainty is related to how well 

technical knowledge of the new product is understood and can be 

converted into a product (O’Connor and Rice 2013); organiza-

tional uncertainty is related to the organization’s capabilities and 

needs (Galbraith 1974); resource uncertainty refers to under-

standing which resources are critical for project success 

(O’Connor and Rice 2013); and market uncertainty is related to 

understanding the market, which includes knowledge about cus-
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tomer needs (O’Connor and Rice 2013). In the present paper, we 

focus specifically on technical and organizational uncertainty. 

These uncertainty types are considered the most important in the 

context of NPD projects, particularly during the early phases 

(Herstatt and Verworn 2004, O’Connor and Rice 2013), although 

the specific effects of these uncertainty types on project activity 

have not been tested. Hence, our focus in this paper. 

Technical uncertainty is defined as lack of understanding of the 

technical knowledge underlying the new product and its trans-

formation into a physical product (O’Connor and Rice 2013). 

Technical uncertainty is a major issue in the early stages of an 

(Song and Montoya-Weiss 2001, Sicotte and Bourgault 2008, 

O’Connor and Rice 2013) innovation project  (Herstatt and 

Verworn 2004) when the technology is rudimentary, unfinished, 

ambiguous, fragile and expensive (Dao and Zmud 2013). Tech-

nical uncertainty is related to the product and its characteristics 

and is perceived by managers as a problem related to the novelty 

of the technology (O’Connor and Rice 2013). 

Organizational uncertainty is defined as the gap between the ca-

pabilities possessed by the organization and the organization’s 

needs (Galbraith 1974). This uncertainty type can be connected 

to the project process (Frishammar et al. 2011) and the organiza-

tion’s internal procedures such as NPD project processes, sched-

ule and budget (Nihtilä 1999a). Organizational uncertainty can 

arise from changes that occur in the project, such as change of 

project manager or changed project priority within the organiza-

tion, and may be perceived by managers as issues related to hier-

archy and availability of finance (O’Connor and Rice 2013).  
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5.2.2 PROJECT ACTIVITIES IN NPD 

Activities define specific, observable patterns, which, in combi-

nation, create the NPD output (Bedny and Harris 2009). Project 

activities are generally described with respect to the predominant 

individual-scale actions enacted by project team members (Cash 

et al. 2015). Individuals perform several activities within an 

NPD project. The link between changes in uncertainty percep-

tion and project activities has been proposed by various authors 

including Cash and Kreye (2018a) in the design context and 

Gassman and Schweitzer (2014) in a management context. How-

ever, there is a lack of understanding about the causal links be-

tween specific uncertainty types and the selection of particular 

project activities such as information activities, knowledge shar-

ing activities  and representation activities  (Daft and Lengel 

1986, Hult et al. 2004, Chen et al. 2012). 

Information activity is defined as the manipulation of objective 

data to improve processes or outcomes (Hult et al. 2004) and is 

related to gathering, processing and archiving data. Information 

activities refer to gathering information from files, books, the 

internet, documents and journals, among others; in this type of 

activity the individual interacts with non-human sources (Daft 

and Lengel 1986, Robertson and Ulrich 1998, Muffatto and 

Roveda 2000, Stockstrom and Herstatt 2008, Huang et al. 

2015b). Information activities reduce uncertainty for managers 

because they result in the acquisition of objective data to respond 

to specific challenges (Daft and Lengel 1986).  

Knowledge sharing activity refers to the actions and interactions 

in project teams, during which individual team members ex-

change and integrate knowledge according to their understand-

ings and beliefs (Hult et al. 2004). Team members can include 
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firm departments, suppliers and customers. Examples of 

knowledge sharing activities are meetings and training (Daft and 

Lengel 1986, Hult et al. 2004, Stockstrom and Herstatt 2008). 

Knowledge sharing reduces managers’ and team members’ un-

certainty by developing a shared understanding of the project´s 

aims and challenges (Hult et al. 2004). 

Representation activity describes practices in which individuals 

engage to externalise their understanding of the product elements 

in order, for example, to test and learn, especially in conditions 

of high technology uncertainty (Chen et al. 2012). Representa-

tion activities include simulations, prototyping and mock-ups 

(Fox et al. 1998) and bring elements of the new product to life 

for verification and learning purposes (Meyer and Pich 2002). In 

addition, representation allows a (virtual) realization of individu-

al ideas and a visualization the technical feasibility of a new 

product before it is launched (Chen et al. 2012, Gassmann and 

Schweitzer 2014). Representation reduces uncertainty by in-

creasing managers’ and teams’ understanding of the product el-

ements and their potential interactions (Maher and Poon 1996, 

Dorst and Cross 2001). 

5.2.3 THE LINK BETWEEN UNCERTAINTY PERCEPTION AND 

ACTIVITY SELECTION 

This research investigates different uncertainty types as drivers 

of different project activities. Although there is a lack of theoriz-

ing about the link between specific uncertainty types and specific 

project activities, some links may be more likely. For example, 

Gassmann and Schweitzer (2014), in their study on management 

of the fuzzy front end, show that virtual or real prototypes (i.e., 

representation activity) can reduce technical uncertainty. Simi-
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larly, Song and Montoya-Weiss (1998) show that designing, test-

ing and building the product increases the project team’s under-

standing of the newly developed product. Also, in a study of new 

product development effectiveness (Souder et al. 1998), tech-

nical uncertainty is shown to be linked to prototype development 

proficiency. This causal link between perceived technical uncer-

tainty and representation activity is generally assumed in the lit-

erature, but has not been tested specifically. Also, other connec-

tions between uncertainty types and project activities, although 

considered plausible, have not been demonstrated. For example, 

there may be a link between organizational uncertainty and in-

formation activity. The literature shows that internal data from 

previous NPD project can allow the project team to avoid mis-

takes related to project process or project schedule (Bessant and 

Francis 1997, Nihtilä 1999a). Similarly, knowledge sharing ac-

tivity may enable coordination among team members and a 

shared understanding of the project and the product development 

process (Nihtilä 1999a, Frishammar et al. 2011). However, these 

links have not been formalized; here we adopt an exploratory 

experimental approach to examine them. 

5.3 METHODOLOGY 

To investigate our research question, we conducted an explorato-

ry quasi-experimental study based on scenarios. This approach is 

appropriate for three main reasons. First, scenarios have been 

used in research related to product developments using new 

technologies (van den Hende and Schoormans 2012). Second, 

because scenarios enable the exploration of multiple concepts, 

they have been used for research on the verbal expression of un-

certainty (Clark 1990) and in an NPD context (Schweitzer and 

Van den Hende 2017). Third, scenario narratives are associated 
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to individual perceived realism (Green and Brock 2000, Green 

2004). 

5.3.1 EXPERIMENT 

Six uncertainty scenarios were developed, based on observations 

in a preliminary industrial study and the relevant literature. Three 

scenarios focus on technical uncertainty and three focus on or-

ganizational uncertainty. Below, we provide examples for each 

uncertainty type. 

Technical uncertainty: “One of the project tasks is to create a 

new battery which provides enough power for the phone to fully 

function for 72 hours. For this task, you are working with a new 

technology that you have never worked with before to develop a 

battery that is new to the market: smaller, thinner and more 

powerful. This new technology, however, is not developing as 

you expected: the battery life is not the estimated hours. Consen-

sus in your team is that the technology is still under-developed 

but your team does not have the time to run all the tests that are 

needed to improve the battery. You need to make a decision re-

garding the next steps you and your team will take to address 

this challenge.” 

Organisational uncertainty: “You are working according to a 

new product development process. This process has several 

gates, which define what deliverables need to be presented to the 

product manager. It is expected that the whole project moves 

from one gate to the next in a pre-defined sched-

ule. However, the process is not equally advanced in all the de-

partments. While Mechanics is working with mock-ups and is 

ready to present their deliverables for Gate 2; the battery team is 

not ready for simulations and needs more time. You need to 
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make a decision regarding the next steps you and your team will 

take to address this challenge.” 

The scenarios were refined and revised iteratively, based on ex-

tensive testing with academic experts in the field and with indus-

try managers. Each testing round included feedback from the test 

participants regarding the clarity, complexity, experienced real-

ism and narrative informativeness of the scenario (Green 2004, 

van den Hende and Schoormans 2012, Schweitzer and Van den 

Hende 2017). Based on these refinements and revisions, the ex-

periment participants were asked to respond to the setup as 

shown in Figure 5-1. 

After reading the scenarios, to list, in order of performance, the 

three activities that the team would undertake to deal with the 

described challenge (using open text input) and to indicate on a 

five-point Likert Scale (not at all confident to very confident), 

how confident they were that the activities listed would help the 

team to resolve the problem.  
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Figure 5-1 Experiment setup 

5.3.2 SAMPLE 

The study participants were split into two samples. Sample 1 

included 74 students enrolled in a Design and Innovation masters 

degree at a technical university in Scandinavia. The experiment 

was introduced in a classroom setting, in both Qualtrics software 

and as paper based versions because not every student had access 

to a computer. Sample 2 comprised 50 professionals including 

project managers, product managers and team leaders; they re-

sponded using Qualtrics software. To achieve a representative 

sample, the individuals where invited to participate by email 

based on certain criteria. Specifically, all professionals belonged 

to teams comprising at least five individuals, and in companies 

employing more than 10 people. These criteria were based on the 

fact that the problems experienced by very small companies dif-
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fer substantially from those experienced by more usual NPD 

teams (Shrader et al. 1989, Matthews & Scott 1995). Similarly, 

individuals working from home were excluded since their inter-

actions with other team members and with the organization dif-

fer from the interactions among collocated team members. Final-

ly, since the research focus was on NPD, individuals working in 

IT and service projects were excluded. The characteristics of 

both samples are presented in Table 5-1.  
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Table 5-1 Sample characterization 

 Age Gender 

 under 

18 

18-24 25 -

34 

35 

older 

Male Female 

Students (total 

74) 

19% 48% 33% 0 68% 32% 

Professionals 

(total 50) 

0 12% 42% 46% 76% 24% 

 

5.3.3 DATA ANALYSIS 

The data were analysed in two steps. First, the qualitative re-

sponses were coded to identify perceived uncertainty type and 

project activities. Open coding was used to identify the main cat-

egories, followed by axial coding to relate the categories to their 

subcategories (Becker 2005). The data were coded by two re-

searchers to check inter-code reliability (Campbell et al. 2013). 

A coding scheme was developed in an iterative process (Weston 

et al. 2001). Our conceptual framing of uncertainty types and 

project activities was used as the starting point and was elaborat-

ed based on concepts that emerged. Specifically, the data identi-

fied a new coding point “change of situation”. Table 5-2 presents 

the coding structure. 
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Table 5-2 Coding Scheme 

Activity Definition  Operationalisa-

tion 

Exem-

plar 

quote 

Information Information 

activity is 

defined as the 

exploitation 

of objective 

data to im-

prove pro-

cesses or out-

comes (Hult 

et al. 2004) 

and is related 

to gathering, 

processing, 

and archiving 

data. 

Activities related 

to: 

-seeking data 

-processing data 

-evaluate infor-

mation  

-data not shaped 

by beliefs 

“Re-

search to 

improve 

the prod-

uct”  

Knowledge 

Sharing  

Knowledge 

sharing activ-

ity refers to 

the actions 

and interac-

tions in pro-

ject teams 

where they 

exchange and 

integrate 

knowledge 

Activities related 

to: 

-sharing 

knowledge 

-gather knowledge 

with human inter-

action 

-sharing under-

standing 

-data shaped by 

beliefs 

“Facili-

tate dis-

cussion 

between 

all in-

volved 

parts” 
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expressed 

with respect 

to their un-

derstanding 

and beliefs 

(Hult et al. 

2004). Deal 

with acquir-

ing or ex-

changing 

knowledge 

with others, 

even from 

suppliers or 

customers 

(Daft and 

Lengel 1986, 

Hult et al. 

2004) 

Representa-

tion 

Representa-

tion activity 

describes 

practices by 

which an in-

dividual ex-

ternalises 

their under-

standing of 

elements of 

the product in 

order to, for 

Activities related 

to: 

-development of 

the product 

-prototyping 

testing product 

parts or the whole 

product 

-creation activities 

“Test the 

solutions” 
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example, test 

and learn, 

especially in 

condition of 

high technol-

ogy uncer-

tainty (Chen 

et al. 2012). 

“Change of 

situation”– 

emerging 

from the data 

Changes in 

the situation , 

conditions , 

context and 

objectives 

(Bedny and 

Karwowski 

2004) 

Related to changes 

in: 

- management  

- planning 

- resources 

“Create a 

new time 

schedule” 

“Assign 

more re-

sources if 

possible” 

 

Second, the codes were transformed into categorical variables to 

enable content analysis. This allowed for quantitative evaluation 

of category citing frequency in the data generally (Leech and 

Onwuegbuzie 2008) and according to priority (activity 1, 2 and 

3). This frequency count was calculated for each scenario based 

on the three activity options, that is, the frequency count goes 

from 0 to 3 for each activity type (information, knowledge shar-

ing, representation and “change of situation”). Then, the average 

was calculated for each set of scenarios (associated to technical 

and organizational uncertainty). 

T-tests were used to evaluate differences among the activities (in 

general and in ranking based on the priority given by individuals 
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to the three activities they would perform) related to the tech-

nical and organizational uncertainties. All the T-tests were two 

tailed. Several T-tests were performed on activity types (infor-

mation activity, knowledge sharing, representation and “change 

of situation”) according to priority (1st , 2nd and 3rd separately) 

with both samples, plus with the total sample and then, also with 

all the activities (1st, 2nd ,  3rd ). This showed that the T-test re-

sults were similar for both the separate samples  and the total 

sample . These are analysed in the results section. 

5.3.4 ROBUSTNESS CHECKS 

To check robustness, we ran several regression models and cor-

relations using the control variables (age, gender and uncertainty 

intolerance scale mean); none had a significant influence on the 

results.  

At the end of the study, to control for any variation among sce-

narios, experiment participants were asked to evaluate, on a five-

point Likert scale (strongly disagree to strongly agree) scenario 

similarity in terms of: complexity, composition, realism (“while I 

was reading the scenarios, I could easily image the situation tak-

ing place.”), transference (“I could picture myself in the situation 

described in the scenarios.”), informativeness about evaluation 

of actions, confidence about their decision, clarity and complexi-

ty; using. The results are presented in Table 5-3 and show that 

participants did not perceive systematic differences between the 

scenarios for any of the control variables and, therefore, the ac-

tivity results were suitable for further analysis. 
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Table 5-3 Scenarios validation scales 

 Scenarios validation 

Com-

plex 

simi-

larity 

Com-

po-

sure 

simi-

larity 

(con-

text, 

prob-

lem 

and 

ac-

tion) 

Real-

ism 

Trans

por-

tation 

In-

form-

ative-

ness 

to-

wards 

eval-

uatio

n of 

action 

Con-

fi-

dence 

Clari-

ty 

NPD 

pro-

ject 

com-

plexi-

ty 

simi-

larity 

Av-

er-

age 

3.56 3.86 3.81 3.65 3.25 3.50 4.03 3.95 

Std.

Dev. 
1.05 0.97 1.11 1.23 1.22 1.16 1.04 0.99 

 

Finally, as a further control, uncertainty intolerance was evaluat-

ed on a five-point Likert Scale (strongly disagree to strongly 

agree), based on the individual inclination to consider an unpre-

dicted event intolerable (Carleton et al. 2007). 
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Table 5-4 Intolerance of Uncertainty Scale 

 Intolerance of Uncertainty Scale 

Theme Lack 

of in-

for-

mation 

Plan

ning 

Uncer-

tainty 

Un-

know

n fu-

ture 

Sur-

pris-

es. 

Organi-

zation 

 It frus-

trates 

me not 

having 

all the 

infor-

mation 

I need. 

One 

shoul

d 

al-

ways 

look 

ahea

d to 

avoid 

sur-

pris-

es 

When I 

am 

uncer-

tain, I 

can´t 

func-

tion 

very 

well. 

I al-

ways 

want 

to 

know 

what 

the 

fu-

ture 

has in 

store 

for 

me. 

I 

can’t 

stand 

being 

taken 

by 

sur-

prise. 

I should 

be able 

to or-

ganize 

every-

thing in 

ad-

vance. 

Aver-

age 

stu-

dents 

3.32 

 

3.69 

 

2.72 

 

2.76 

 

2.35 

 

2.67 

 

Aver-

age 

profes-

sionals 

4.22 

 

4.38 

 

3.62 

 

3.96 

 

3.58 

 

3.68 
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Aver-

age to-

tal 

3.69 

 

3.97 

 

3.08 

 

3.25 

 

2.85 

 

3.08 

 

 

The intolerance of uncertainty scale shows that the student sam-

ple have a higher tolerance of uncertainty than the professional 

sample.  

5.4 RESULTS 

5.4.1 TECHNICAL UNCERTAINTY 

Technical uncertainty drives “change of situation” (CS) and rep-

resentation, across all three sequential activities. This finding 

was observed for both samples separately and for the total sam-

ple. Aggregating the sequential activities produced a significant-

ly stronger CS effect, which was significantly greater than in-

formation and knowledge sharing (both low and not statistically 

different). Technical uncertainty drives the following activities 

(in order of importance): CS (2.89***) > representation (1.85**) 

> information (1.49)/knowledge sharing (1.20). See Table 5-7 

for details. 

The above profile was consistent for each of the three activities, 

suggesting the overall response to technical uncertainty does not 

have a substantial ordering effect. However, it should be noted 

that representation was higher in Activities 2 and 3 compared to 

Activity 1 (Representation A2 0.72*** & A3 0.71*** > A1 

0.42*). In the subsequent sequential activities (2nd and 3rd), rep-

resentation becomes increasingly important. Examples of 

“change of situation” include “find time to make the tests”, 

“push the deadline”, “redefine the scope” and “assign tempo-
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rary resources” and of representation include “rapid prototyp-

ing”, “test”, “remake the battery” and “make more tests”. This 

suggests that, primarily, technical uncertainty drives an evalua-

tive “change of situation”, which is supported directly by repre-

sentation to allow a decision. Table 5-5 presents the frequency 

count for both samples (student and professional) separately and 

the total sample. 
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Table 5-5 Technical Uncertainty (Average of the frequency counting with significance) 

 1st activity 2nd activity 3rd activity 

 

In-

for-

matio

n 

activi-

ties 

Know

ledge 

Shar-

ing 

activ-

ities 

Rep-

resen-

tation 

activ-

ities 

“Cha

nge of 

situa-

tion” 

In-

for-

matio

n 

activ-

ities 

Know

ledge 

Shar-

ing 

activ-

ities 

Rep-

resen-

tation 

activ-

ities 

“Cha

nge of 

situa-

tion” 

In-

for-

matio

n 

activ-

ities 

Know

ledge 

Shar-

ing 

activ-

ities 

Rep-

resen-

tation 

activ-

ities 

“Cha

nge of 

situa-

tion” 

Stu-

dent 
0.76* 

0.53*

** 
0.46* 

0.95*

** 
0.59* 0.41* 

0.72*

* 
0.91 

0.270

* 
0.297 

0.716

*** 

0.811

** 

Pro-

fes-

sional 

0.64*

* 
0.62 0.36 0.98* 0.480 

0.300

*** 

0.720

* 
1.060 

0.180

** 

0.240

* 

0.700

** 
1.180 

Total 
0.71*

** 

0.56*

** 
0.42* 

0.96*

** 

0.548

** 

0.363

*** 

0.718

*** 
0.968 

0.234

*** 

0.274

* 

0.710

*** 
0.960 

Significance * ≤ 0.05      ** ≤ 0.01    ***≤ 0.001 
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5.4.2 ORGANIZATIONAL UNCERTAINTY 

Organizational uncertainty droves “change of situation” (CS), 

information and knowledge sharing. Aggregating all sequential 

activities shows that CS is more important than knowledge shar-

ing and representation, but not information. Thus, organizational 

uncertainty drives the following activities in order of importance: 

CS (2.49*) & information (2.31*) > knowledge sharing 

(2.01***) > representation (0.94). See Table 5-7 for details. 

The above profile does not apply to all three activities, suggest-

ing that the overall response to organizational uncertainty has a 

substantial ordering effect. Specifically, the values for Activity 1 

are: information (1.04***) and knowledge sharing (0.90***) > 

CS (0.54***) > representation (0.26*); while for Activity 3: CS 

(1.10) > information (0.48***) and knowledge sharing (0.44*) > 

representation (0.30***); Activity 2 has an intermediate profile 

between these two extremes. This suggests that organizational 

uncertainty initially drives information and knowing sharing, 

which is subsequently used only to make decisions. In other 

words, information activity and knowledge sharing are signifi-

cantly lower in each subsequent activity (information A3 

0.48*** < A2 0.79** < A1 1.05***; knowledge sharing A3 

0.44* < A2 0.69*** < A1 0.90***) while CS displays the oppo-

site trend (CS A3 1.10 > A2 0.86 > A1 0.54***). Representation 

is the same across all the activities. This indicates that perceived 

organizational uncertainty initially drives information and 

knowledge exchange activities to gather information and data for 

decision making. Examples here are “do a risk analysis” and 

“identify the effect on the project plan”, “research” and “inves-

tigate what is the cause of the delay”. This additional infor-

mation can help decision making, for example “set up new time 
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frame for development” and “assign more resources”. Table 5-6 

presents the frequency count for the two samples (student and 

professional) and the total sample.  
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Table 5-6 Organizational Uncertainty (Average of the frequency counting) 

 1st activity 2nd activity 3rd activity 

 

In-

for-

matio

n 

activ-

ities 

Know

ledge 

Shar-

ing 

activi-

ties 

Rep-

resen-

tation 

activ-

ities 

“cha

nge 

of 

situa-

tion” 

In-

for-

matio

n ac-

tivities 

Know

ledge 

Shar-

ing 

activ-

ities 

Rep-

resen-

tation 

activ-

ities 

“chan

ge of 

situa-

tion” 

In-

for-

matio

n 

activi-

ties 

Know

ledge 

Shar-

ing 

activ-

ities 

Rep-

resen-

tation 

activ-

ities 

“chan

ge of 

situa-

tion” 

Stu-

dent 
1.05* 

0.97*

** 
0.26* 

0.45*

** 
0.865* 

0.595

* 

0.392

** 
0.865 

0.459

* 
0.419 

0.243

*** 

1.176

* 

Pro-

fes-

sional 

1.02*

* 
0.78 0.26 0.68* 0.680 

0.820

*** 

0.380

* 
0.840 

0.520

** 

0.460

* 

0.380

** 
0.980 

Total 
1.04*

** 

0.90*

** 
0.26* 

0.54*

** 

0.790*

* 

0.685

*** 

0.387

*** 
0.855 

0.484

*** 

0.435

* 

0.298

*** 
1.097 

Significance * ≤ 0.05      ** ≤ 0.01    ***≤ 0.001 



Results 123 

123 

 



124 Uncertainty perception and activity selection in new product development: An experimental study 

 

 

5.4.3 COMPARING TECHNICAL AND ORGANISATIONAL UN-

CERTAINTY 

Technical uncertainty drives significantly different activities 

compared to organizational uncertainty. When considering the 

aggregate of all activities, differences emerge for each activity 

type. Specifically, technical uncertainty leads to 0.90*** more 

representation, and 0.40* more CS than organizational uncertain-

ty. Further, organizational uncertainty leads to 0.82*** more 

information and 0.82*** more knowledge sharing than technical 

uncertainty. As discussed in the section on individual uncertain-

ty, this results in different sequential activity profiles for the two 

uncertainty types. 

Contrasting the two uncertainty types for each of the activities 

(1-3) supports the differences identified for the sequential activi-

ty profiles. Technical uncertainty leads to significantly more rep-

resentation in A1 0.16*, A2 0.33*** and A3 0.41***. In con-

trast, organizational uncertainty leads to significantly more in-

formation and knowledge sharing in A1 0.33*** (info) & 

0.33*** (ks), A2 0.24** (info) & 0.32*** (ks) and A3 0.25*** 

(info) & 0.16* (ks). CS is significantly different only for A1, 

where it is driven by technical uncertainty (0.42***). This sug-

gests that the different uncertainty types drive fundamentally 

different activities, irrespective of their ranking: technical uncer-

tainty drives “change of situation” and representation, while or-

ganizational uncertainty drives information and knowledge shar-

ing 

Table 5-7 compares the results for technical and organizational 

uncertainty in relation to the activities separately and combined. 
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Table 5-7 T-Test and Average of Frequency counting for each activity in order 
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5.5 DISCUSSION 

Our research provides three main findings. First, we observed 

‘“change of situation” as an additional response type not identi-

fied in the literature. This complements the three other activity 

types described in the literature: information, knowledge sharing 

and representation. Second, our findings suggest that technical 

uncertainty drives “change of situation” and representation activ-

ities. This contributes to existing work. Third, our research sug-

gests that organizational uncertainty drives information and 

knowledge sharing activities, which extends the literature by 

demonstrating that distinct patterns of activity are driven by dif-

ferent uncertainty types. These three findings are discussed be-

low. 

Our data show a clear connection between uncertainty perception 

and decision making, that is, uncertainty directly triggers a 

“change of situation”. While uncertainty perception has been 

acknowledge to trigger activity (Gassmann and Schweitzer 2014, 

Cash and Kreye 2018a), the prominence of “change of situation” 

is surprising. Our findings highlight the potential importance of 

understanding decisions as a means of directly managing uncer-

tainty and the actions related to these decisions. This supports 

process models that show how decisions can direct progressive 

action in the face of extensive unknowns (Dorst and Cross 2001, 

Steinert and Leifer 2012). This finding contributes to the litera-

ture by showing that decisions can be tools to resolve perceived 

uncertainty in the NPD process. We define “change of situation” 

as: changes to project conditions, context and objectives (Bedny 

and Karwowski 2004) linked to NPD project planning and con-

trol. 
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Further, our research shows that technical uncertainty drives 

specific activity types, namely representation and “change of 

situation”. This confirms studies that consider representation 

activities as allowing individuals to deal with perceived uncer-

tainty by increasing the understanding of product elements and 

their potential interactions (Maher and Poon 1996, Dorst and 

Cross 2001). Other work suggests a link between technical un-

certainty and representation activity  (Song and Montoya-Weiss 

1998, Souder et al. 1998, Gassmann and Schweitzer 2014). Our 

research confirms these insights and adds the response type 

“change of situation”, which is driven by technical uncertainty. 

This suggests that perceived technical uncertainty is reduced not 

only by representation activities but also by targeted decisions, 

for example, about resource allocation and changes to the project 

timeline. This is a novel contribution to the literature and enables 

theory building by showing decision making as a distinct man-

agement activity to reduce perceived technical uncertainty. 

Finally, our research suggests a clear link between organizational 

uncertainty and information and knowledge sharing activities. 

Organizational uncertainty is a recent concept (O’Connor and 

Rice 2013) and has received only limited attention. Our research 

confirms organizational uncertainty as a distinct uncertainty type 

and shows that it is a driver of specific management activities, 

namely information and knowledge sharing. This contributes by 

enabling theory building with regard to organizational uncertain-

ty, identifying both information activities (gathering, processing 

and archiving data) and knowledge sharing (interactions within 

the project team to facilitate shared understanding) as distinct 

management activities. Figure 5-2 depicts these insights and the 

connections among the main concepts considered. 
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Figure 5-2 Link between technical and organizational uncertainty and 

activity types 

5.6 CONCLUSION 

This research investigated the research question:  

Which activities (information, knowledge sharing, simulation) 

are selected in order to deal with specific uncertainty types 

(technological and organizational) in the NPD project? We pre-

sented an exploratory quasi-experimental study, utilizing both 

student and professional samples; to investigate how perceived 

technical and organizational uncertainty drive different project 

activities. Our findings suggest that not just the activities typical-

ly described in the literature (information, knowledge sharing, 

and representation) are responses to perceived uncertainty, but 

that there is a fourth response type related to changes to the NPD 

project to reduce the perceived uncertainty (i.e., “change of sit-

uation”). Our research shows also that technical uncertainty 

drives both “change of situation” and representation activities. 
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Finally, our findings suggest that organizational uncertainty 

drives information and knowledge sharing activities.  

This work contributes to the NPD literature by showing a con-

nection between specific perceived uncertainty types and man-

agement activity. This furthers theory building in the innovation-

management domain by linking specific uncertainty types and 

specific management activities in a coherent way. Our research 

extends existing insights that link technical uncertainty to repre-

sentation activity, by adding a further response type (“change of 

situation”) and showing the connection between organizational 

uncertainty and information and knowledge sharing activities. 

Further, we demonstrate the distinctly different responses to the 

different uncertainty types. 

This research has important managerial implications: it should 

enable managers of NPD projects to focus on engaging in those 

activities most directly related to dealing with a specific uncer-

tainty type. When engaging in an NPD project with high tech-

nical uncertainty, individual team members and managers should 

invest in engaging in representation activities, for example, pro-

totyping, as well as “change of situation” to purposefully resolve 

some of the technical uncertainty. In contrast, when managers 

engage in projects with high levels of organizational uncertainty, 

they should facilitate information and knowledge sharing activi-

ties within the project team. These respective management activ-

ities enable the project team to resolve their perceived uncertain-

ty and to advance the NPD project. Further, our results demon-

strate that, when facing multiple uncertainty types, managers 

should combine activities in order to address the different uncer-

tainty types effectively. 
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This research has important implications for future research. Fu-

ture work could explore other uncertainty types, apart from tech-

nical and organizational uncertainty, to identify specific man-

agement activities. The research methodology described in this 

paper could facilitate such research and would enable triangula-

tion of the insights. Furthermore, our research points to the need 

for further examination of how decision-making can be used to 

reduce and manage uncertainty. By identifying a new response 

type related to changes in the NPD situation (“change of situa-

tion”), our research paves the way to further exploratory work to 

establish its role within NPD.  
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6 DISCUSSION 
This chapter presents the research outcomes and the contribution 

made by this doctoral research to the literature.  

6.1 CONTRIBUTION OF CHAPTER 4 

The findings in Chapter 4 refer to the link between the perceived 

uncertainty type and the selected activity, which emerged from a 

multi case study. It provides two main contributions to the cur-

rent literature. 

First, it confirms the four uncertainty types proposed by 

O’Connor and Rice (2013): technical, organizational, resource, 

and market uncertainty. Technical uncertainty is shown to be 

related to the novelty of the technology developed and the tech-

nical complexity of product and its components, and their degree 

of integration and modularity. Organizational uncertainty refers 

to variation in team structures related to team member rotation 

and changes to project priorities. Resource uncertainty is linked 

to the availability of resources and external suppliers. Market 

uncertainty is related to product acceptance by a new customer 

base or potential changes to exploitation of a product by the ex-

isting customer base. Overall, the findings from this multi case 

study are in line with descriptions of uncertainty perception in 

other fields (see, e.g., Wagner and Hoegl, 2006 and Ball et al. 

2010). The findings in Chapter 4 generally confirm existing NPD 

theory and can be used as a framework to investigate the link 

between uncertainty perception and NPD project activities.  

Second, Chapter 4 provides a description of three general project 

activities in a NPD context. Information activity is related to re-

search on consumers and competitors; knowledge sharing activi-
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ty refers to knowledge exchange and alignment of expectations; 

and representation activity is related to product simulation and 

prototyping. While the management literature includes descrip-

tions of specific project activities, for example, those related to 

knowledge sharing (Hult et al. 2004), Chapter 4 proposes a new 

individual level perspective in the field of design (Cash and 

Kreye 2018a). It extends the literature by offering new insights 

into the nature of NPD project activities related to information, 

knowledge sharing and representation at the project level.  

Finally, this multi case research study extends the current theory 

by proposing links between perceived uncertainty types and spe-

cific NPD project activities. In particular, it shows that each un-

certainty type is associated specifically to a primary project ac-

tivity. These findings contribute to work on these links and how 

perceived uncertainty in NPD can be managed. Chapter 5 ex-

plores the links between uncertainty type and project activity, 

focusing on two perceived uncertainty types. 

6.2 CONTRIBUTION OF CHAPTER 5 

The findings in Chapter 5 refer to the links between technical 

and organizational uncertainty (O’Connor and Rice 2013) and 

specific activities (information activities, knowledge sharing ac-

tivities and representation activities), in the context of the design 

literature. It provides three main contributions. 

First, it confirms the association between technical uncertainty, 

related to lack of understanding of the technical knowledge un-

derlying a new product (O’Connor and Rice 2013), and represen-

tation activities which include simulations, prototyping and 

mock-ups (Fox et al. 1998). These findings generally confirm 
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that representation activities enable individuals to deal with per-

ceived technical uncertainty by increasing the understanding of 

product components and their potential interactions (Maher and 

Poon 1996, Dorst and Cross 2001). 

Second, the findings in Chapter 5 refer to the initial description 

of the connection between organizational uncertainty, which 

might be linked to the project process (Frishammar et al. 2011), 

and the internal organization including NPD processes, sched-

ules and budget (Nihtilä 1999a). Information activities refer to 

data gathering, processing and archiving and includes diverse 

sources such as files, books, the internet, firm documents, jour-

nals, etc.(Daft and Lengel 1986, Robertson and Ulrich 1998, 

Muffatto and Roveda 2000, Stockstrom and Herstatt 2008, 

Huang et al. 2015b). The findings generally confirm that infor-

mation activities allow individuals to deal with organizational 

uncertainty through the acquisition of data to resolve a particular 

issue (Daft and Lengel 1986). Chapter 5extends the theory by 

linking information activity to the perception of organizational 

uncertainty. 

Finally, the findings from this experimental study demonstrate 

the link between specific uncertainty types and specific project 

activities. This link is especially evident in relation to technical 

and organizational uncertainties and their links to specific activi-

ties. This finding extends the current theory by proposing a man-

agement category that we describe as “change of situation”, 

which is unrelated to design activities, but refers to resource al-

location and project planning. Previous work links risk manage-

ment, hiring people and project planning to uncertainty (Raz et 

al. 2002, Stockstrom and Herstatt 2008); however, this link 

needs further exploration. 
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6.3 LIMITATIONS 

There are many factors, which are beyond the scope of this the-

sis, that can influence the NPD projects, for example, project 

synergies, skill levels, organizational characteristics (Yap and 

Souder 1994), etc.. All these issues require further research. 

Similarly, there are many perceived uncertainty types related to 

NPD projects; this thesis focuses on only four: technical, organi-

zational, resources and market  uncertainties (see Paper 1) 

(O’Connor and Rice 2013). They are defined based on empirical 

observation of radical innovation activities and have been exam-

ined in other studies. Chapter 5 focuses only on technical and 

organizational uncertainty (see O´Connor and Rice 2013). Like-

wise, many other factors can influence the activity selection be-

yond the perceived uncertainty types, however those are not tak-

en into account in this research. 

This research has some contextual limitations. It focuses on the 

Nordic context and the findings relate to cultural variables. The 

link between culture and uncertainty is examined in Hofstede 

(2003), who studies culture in relation to uncertainty avoidance. 

The focus of this doctoral research on the NPD project context, 

excludes examination of other types of projects or product de-

velopment types.  

There are some methodological limitations. By combining a 

quantitative and qualitative approach, this research was aimed at 

providing more in-depth data and insights. Chapter 4 adopts a 

qualitative methodology and examines particular project types in 

a retrospective approach. It is possible that the uncertainties ex-

amined might trigger different activities in different projects. 
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Chapter 5 uses a quantitative methodology and focuses on spe-

cific uncertainty types. The combined findings from these two 

papers provide qualitative and quantitative insights that allow 

identification of a direct link between each perceived uncertainty 

type and each activity type.  

There is also the limitation by the choice of using only two per-

ceived uncertainty types on the experiment part of the research. 

This decision does influence the completeness of the research, 

however it was a choice made during the experiment design 

phase. However, we do believe in the contributions of the re-

search once the focus is to explore how the uncertainty is per-

ceived and its influence on the activities selection and not specif-

ic perceived uncertainty types. Despite these limitations, this 

research provides a significant contribution to the literature by 

showing the distinctly different responses to each uncertainty 

type and exploring how these uncertainties are managed by indi-

viduals in a NPD context. 





 

7 CONCLUSION 
This chapter offers conclusions, implications for research and for 

managers and suggestions for future research, based on the find-

ings from this doctoral research. 

7.1 RESEARCH IMPLICATIONS  

The research was aimed at addressing the question of how uncer-

tainty perception affects project-activity selection in NPD. To 

address this question and obtain a deeper understanding of the 

effect of perceived uncertainty on NPD activities, we formulated 

two research sub-questions (see Figure 7-1): 

 

Figure 7-1 Research questions & findings 

• Perceived uncertainty 
influences project activity 
selection

How does uncertainty 
perception affect project-
activity selection in NPD? 

• Specific uncertainty 
perception types influences 
specific project activities. 

What is the effect of the 
perception of different 
uncertainty types in the 

selection of project activities 
in NPD? (RQ1) (Chapter 4)

• A connection between 
perceived uncertainty types 
and project activity types

Which activities 
(information, knowledge 
sharing, simulation) are 
selected in order to deal 
with specific uncertainty 
types (technological and 

organizational) in the NPD 
project? (RQ2) (Chapter 5)
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The research questions were addressed as follows. Research sub-

question 1: What is the effect of the perception of different un-

certainty types in the selection of project activities in NPD? 

Chapter 4 extends the theory by suggesting that specific uncer-

tainty perception types trigger specific project activities, for ex-

ample, technical uncertainty is linked to representation activity, 

organizational uncertainty is linked to knowledge sharing activi-

ty, resource uncertainty is linked to knowledge sharing activity 

and market uncertainty is linked to information activity. Identifi-

cation of these links contributes to the NPD literature, which, so 

far, has focused on discussion of uncertainty types, but has not 

linked them to specific activities. 

Research sub-question 2:  

Which activities (information, knowledge sharing, simulation) 

are selected in order to deal with specific uncertainty types 

(technological and organizational) in the NPD project?  Chapter 

5 extends theory by showing a direct link between perceived un-

certainty types and project activity. Both technical and organiza-

tional perceived uncertainties were related to a primary and a 

secondary project activity. Technical uncertainty is linked to rep-

resentation activities and situation change, and organizational 

uncertainty is linked to information and knowledge sharing ac-

tivities. This finding contributes to the NPD literature, by 

demonstrating the link between uncertainty type and activity 

type. It suggests, also, that certain actions can be implemented to 

deal with uncertainty, for example, hiring new people or making 

changes to the project schedule. However, a deeper understand-

ing of these aspects requires further investigation. 

The overall findings from this doctoral research change the fo-

cus, in the NPD context, from uncertainty perception types and 
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their ´s characteristics, to uncertainty types linked directly to 

specific activities. The findings in the two chapters 4 and 5 in-

cluded of this thesis provide the basis for a model framework, in 

the context of the NPD project, for tackling perceived uncertain-

ties. 

Regarding the generalization of the findings presented on this 

research, it is discussed in literature the implications of the gen-

eralization of case studies and experiments, as this thesis was 

built based on multiple case studies and experiments it is focused 

more on theoretical generalization rather than statistical general-

ization. With the data analysis from both (multiple case studies 

and the experiments) it was possible to find patterns on the data 

which gives the support and basis for the generalization, which is 

followed by the revision and development of the theory, given 

by the cornerstone of the contributions, following examples in 

the literature as  Yin 1984 and Barratt et al. 2011. In this re-

search, it is possible to generalize theoretically the link between 

the perceived uncertainty types with the selection of specific ac-

tivity types, based on the data from both studies, in the context of 

NPD projects with innovation. The patterns suggest that market 

perceived uncertainty is linked to the selection of information 

activities, organizational perceived uncertainty is linked to the 

selection of information activities and knowledge sharing activi-

ties, resource perceived uncertainty is linked to the selection of 

knowledge sharing  activities, and technical perceived uncertain-

ty is linked to the selection of representation activities and 

“change of situations”, which is when the individual changes the 

set-up of the scenario in order to deal with the perceived uncer-

tainty . 
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7.2 MANAGERIAL IMPLICATIONS  

Previous studies explore the connection between perceived un-

certainty and project activities, as for example, the connection 

between perceived uncertainty and information activities where, 

information activities reduce uncertainty for managers because 

they result in the acquisition of objective data to respond to spe-

cific challenges (Daft and Lengel 1986); the connection with 

knowledge sharing, where it reduces managers’ and team mem-

bers’ uncertainty by developing a shared understanding of the 

project´s aims and challenges (Hult et al. 2004) and representa-

tion reduces uncertainty by increasing managers’ and teams’ un-

derstanding of the product elements and their potential interac-

tions (Maher and Poon 1996, Dorst and Cross 2001). However, 

when we narrow down the relation between perceived uncertain-

ty and activity selection, there was a lack of understanding about 

the causal links between specific uncertainty types and the selec-

tion of particular project activities such as information activities, 

knowledge sharing activities  and representation activities  (Daft 

and Lengel 1986, Hult et al. 2004, Chen et al. 2012) This re-

search explores the gap in our understanding of the specific im-

pact of specific uncertainty types in activity selection to give a 

deeper understanding of this relationship. As contribution, it 

identifies the link between specific perceived uncertainty types 

and activity types as market perceived uncertainty and infor-

mation activities, organizational perceived uncertainty and in-

formation activities and knowledge sharing activities, resource 

perceived uncertainty and knowledge sharing activities and tech-

nical perceived uncertainty and representation activity and 

“change of situation” . The “change of situation” was also a con-

tribution once it was identified in the data analysis of the second 
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phase of the research (the experiment); where individuals would 

change the context in order to deal with the perceived uncertain-

ty.  The patterns found in both studies (the multi case study and 

the experiment) suggest that specific perceived uncertainty types 

are linked to the selection of specific activity types. This is use-

ful once individuals in the NPD team or managers have this 

knowledge they can focus on performing these specific activities 

types when faced with these specific perceived uncertainty types. 

However, this research does not evaluate the performance of the 

project. These contributions open the door for the exploration of 

the link between specific perceived uncertainty types and activi-

ties types in different contexts and with diverse methodologies to 

enrich the literature about perceived uncertainty 

This research has some important managerial implications: it 

suggests that NPD project managers should focus on facilitating 

activities linked to specific uncertainty types. Since specific un-

certainties trigger specific activity types, it is crucial that manag-

ers understand and map the uncertainties perceived by the NPD 

team and plan activities to deal with them. For example, if the 

NPD team perceives technical uncertainty in a highly technical 

and novel project, managers could invest in diverse representa-

tion activities including simulation and feasibility studies. In the 

context of NPD projects with high organizational uncertainty due 

to the involvement of large numbers of individuals and disci-

plines, managers should focus on promoting diverse knowledge 

sharing activities, particularly in the project set-up phase. Alter-

natively, if team members perceive resources uncertainty, due, 

for example, to the involvement of external suppliers, managers 

could implement knowledge-sharing activities with suppliers. 

Similarly, in NPD projects with high market uncertainty, manag-
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ers should implement additional information activities, focused 

on consumers and competitors. 

The contributions provided by the two chapters are depicted in 

Figure 7-2 (Chapter 4 contributions represented by the dashed 

lines, Chapter 5 contributions represented by the regular lines). 

 

Figure 7-2  Model of the link between perceived uncertainty types and 

activities 

However, to confirm these suggestions will require further re-

search into these aspects.  

7.3 DIRECTIONS FOR FUTURE RESEARCH  

There are several avenues for future research. First, future work 

could explore these uncertainty types in the context of different 

industries and employing different variables, such as company 

size and location, to reveal which activities would be most effec-

tive. It is possible that different contexts would require different 

activities to deal with the same perceived uncertainty types. This 
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research focused on the electronics sector and the similarities 

between the business and consumer markets. Further work could 

extend these findings by investigating different settings to enable 

a comparative study.  

Future work, also, could explore other uncertainty types (see 

O´Connor and Rice 2013) and the activities implemented. The 

experimental part of this research focused on only two uncertain-

ty types - technical and organizational – but ignored other varia-

bles that might influence individual or related activities. 

This work contributes by identifying the link between specific 

uncertainty types and activity types, in a particular context, and 

the similarities and contradictions related to a specific context 

and variables. These contributions should be able to deeper the 

literature by adding layers of understanding of the perceived un-

certainty in activity selection in different settings.  

Future work could include measures of success of the product 

developed, which would allow a deeper understanding of uncer-

tainty perception and activity selection in different contexts and 

provide companies with more tools to deal with uncertainty in 

projects, leading to higher performance in NPD projects. 





REFERENCES 
Adelman, L., 1991. Experiments, quasi-experiments, and case 

studies: A review of empirical methods for evaluating 

decision support systems. IEEE Transactions on Systems, 

Man, and Cybernetics [online], 21 (2), 293–301. Available 

from: 

http://ieeexplore.ieee.org/xpl/freeabs_all.jsp?arnumber=870

78. 

Akerlof, G., 1970. The Market for " Lemons ": Quality 

Uncertainty and the Market Mechanism. The Quarterly 

Journal of Economics, 84 (3), 488–500. 

Akgün, A. E., Byrne, J. C., Lynn, G. S., and Keskin, H., 2007. 

New product development in turbulent environments: 

Impact of improvisation and unlearning on new product 

performance. Journal of Engineering and Technology 

Management, 24 (3), 203–230. 

Aronson, Z. H., Reilly, R. R., and Lynn, G. S., 2006. The impact 

of leader personality on new product development 

teamwork and performance: The moderating role of 

uncertainty. Journal of Engineering and Technology 

Management - JET-M, 23 (3), 221–247. 

Balbontin, A., Yazdani, B. B., Cooper, R., and Souder, W. E., 

2000. New product development practices in American and 

British firms. Technovation, 20 (5), 257–274. 

Ball, L. J. and Christensen, B. T., 2009. Analogical reasoning 

and mental simulation in design: two strategies linked to 

uncertainty resolution. Design Studies, 30 (2), 169–186. 

Barczak, G. and Wilemon, D., 2003. Team member experiences 

in new product development: Views from the trenches. R & 

D Management, 33 (5), 463–479. 

Barratt, M., Choi, T. Y., and Li, M., 2011. Qualitative case 

studies in operations management: Trends, research 



170  References 

 

 

outcomes, and future research implications. Journal of 

Operations Management, 29 (4), 329–342. 

Becker, T. E., 2005. Potential problems in the statistical control 

of variables in organizational research: A qualitative 

analysis with recommendations. Organizational Research 

Methods, 8 (3), 274–289. 

Beckman, C. M., Haunschild, P. R., and Phillips, D. J., 2004. 

Friends or Strangers? Firm-Specific Uncertainty, Market 

Uncertainty, and Network Partner Selection. Organization 

Science, 15 (3), 259–275. 

Bedny, G. Z. and Harris, S. R., 2005. The systemic-structural 

theory of activity: Applications to the study of human work. 

Mind, culture, and Activity, 12 (2), 128–147. 

Bedny, G. Z. and Harris, S. R., 2009. The Systemic-Structural 

Theory of Activity : Applications to the Study of Human 

Work. Mind, culture, and Activity, 12 (2), 128–147. 

Bedny, G. Z. and Karwowski, W., 2004. Activity theory as a 

basis for the study of work. Ergonomics, 47 (2), 134–153. 

Berchicci, L. and Tucci, C. L., 2010. There is more to market 

learning than gathering good information: The role of 

shared team values in radical product definition. Journal of 

Product Innovation Management, 27 (7), 972–990. 

Bessant, J. and Francis, D., 1997. Implementing the new product 

development process. Technovation, 17 (4), 189–222. 

Blacud, N. A., Bogus, S. M., Diekmann, J. E., and Molenaar, K. 

R., 2009. Sensitivity of Construction Activities under 

Design Uncertainty. Journal of Construction Engineering 

and Management, 135 (3), 199–206. 

Böhle, F., Heidling, E., and Schoper, Y., 2016. A new 

orientation to deal with uncertainty in projects. International 

Journal of Project Management, 34 (7), 1384–1392. 



Directions for future research 171 

171 

Boholm, Å., 2016. New perspectives on risk communication : 

uncertainty in a complex society, 9877 (December), 0–3. 

Bowen, H. K., Clark, K. B., Holloway, C. a, and Wheelwright, S. 

C., 1994. Development Projects: The Engine of Renewal. 

Harvard Business Review, 72 (5), 110. 

Boynton, A. C., Gales, L. M., and Blackburn, R. S., 1993. 

Managerial Search Activity: The Impact of Perceived Role 

Uncertainty and Role Threat. Journal of Management, 19 

(4), 725–747. 

Campbell, D. T. and Stanley, J. C., 1963. ‘Experimental and 

quasi-experimental designs for research.’ Handbook of 

research on teaching. Handbook of Research on Teaching 

(1963). 

Campbell, J. L., Quincy, C., Osserman, J., and Pedersen, O. K., 

2013. Coding In-depth Semistructured Interviews: Problems 

of Unitization and Intercoder Reliability and Agreement. 

Sociological Methods & Research, 42 (3), 294–320. 

Carbonara, N. and Scozzi, B., 2006. Cognitive maps to analyze 

new product development processes: A case study. 

Technovation, 26 (11), 1233–1243. 

Carbonell, P. and Rodríguez-Escudero, A. I., 2009. Relationships 

among team’s organizational context, innovation speed, and 

technological uncertainty: An empirical analysis. Journal of 

Engineering and Technology Management - JET-M, 26 (1–

2), 28–45. 

Carleton, R. N., Norton, M. A. P. J., and Asmundson, G. J. G., 

2007. Fearing the unknown: A short version of the 

Intolerance of Uncertainty Scale. Journal of Anxiety 

Disorders, 21 (1), 105–117. 

Cash, P., 2018. Developing theory-driven design research. 

Design Studies, 56, 84–119. 



172  References 

 

 

Cash, P., Hicks, B., and Culley, S., 2015. Activity Theory as a 

means for multi-scale analysis of the engineering design 

process: A protocol study of design in practice. Design 

Studies, 38 (May), 1–32. 

Cash, P. and Kreye, M., 2017. Uncertainty Driven Action (UDA) 

model: A foundation for unifying perspectives on design 

activity. Design Science, 3 (2003), 1–41. 

Cash, P. and Kreye, M., 2018a. Exploring uncertainty perception 

as a driver of design activity. Design Studies, 54, 50–79. 

Cash, P. and Kreye, M. E., 2018b. Exploring Uncertainty 

Perception as a Driver of Design Activity. Design Studies, 

54, 50–79. 

Chen, J., Reilly, R. R., and Lynn, G. S., 2012. New Product 

Development Speed: Too Much of a Good Thing? Journal 

of Product Innovation Management, 29 (2), 288–303. 

Cho, S.-H. and Eppinger, S. D., 2005. A Simulation-Based 

Process Model for Managing Complex Design Projects. 

IEEE Transactions on Engineering Management, 52 (3), 

316–328. 

Christensen, B. O. T. and Schunn, C. D., 2009. The Role and 

Impact of Mental Simulation in Design, 344 (May 2008), 

327–344. 

Clark, D. A., 1990. Verbal uncertainty expressions: A critical 

review of two decades of research. Current Psychology, 9 

(3), 203–235. 

Conforto, E. C. and Amaral, D. C., 2016. Agile project 

management and stage-gate model—A hybrid framework 

for technology-based companies. Journal of Engineering 

and Technology Management, 40, 1–14. 

Cooper, R. G., 1990. Stage-gate systems: A new tool for 

managing new products. Business Horizons, 33 (3), 44–54. 



Directions for future research 173 

173 

Cooper, R. G., 2008a. Perspective : The Stage-Gate idea to 

launch process – Update , what ’ s new and nexgen systems. 

Journal of Product Innovation Management, 25 (3), 213–

232. 

Cooper, R. G., 2008b. Perspective: The stage-gates® idea-to-

launch process - Update, what’s new, and NexGen systems. 

In: Journal of Product Innovation Management. 213–232. 

Cooper, R. G. and Kleinschmidt, E. J., 1987. New Products : 

What Separates Winners from Losers ? Journal of Product 

Innovation Management, 4, 169–184. 

Cooper, R. G. and Kleinschmidt, E. J., 1988. Resource allocation 

in the new product process. Industrial Marketing 

Management, 17 (3), 249–262. 

Cosmides, L. and Tooby, J., 1996. Are humans good intuitive 

statisticians after all? Rethinking some conclusions from the 

literature on judgment under uncertainty. Cognition, 58 (1), 

1–73. 

Daft, R. L. and Lengel, R. H., 1986. Organizational information 

requirements, media richness and structural design. 

Management science, 32 (5), 554–571. 

Danilovic, M. and Sandkull, B., 2005. The use of dependence 

structure matrix and domain mapping matrix in managing 

uncertainty in multiple project situations. International 

Journal of Project Management, 23 (3), 193–203. 

Dao, V. and Zmud, R., 2013. Innovating firms’ strategic 

signaling along the innovation life cycle: The standards war 

context. Journal of Engineering and Technology 

Management - JET-M, 30 (3), 288–308. 

Davenport, Thomas H and De Long, David W and Beers, M. C., 

1998. Building Successful Knowledge Management 

Projects. Sloan Management Review, 39 (2), 43–57. 



174  References 

 

 

Dewberry, C., Juanchich, M., and Narendran, S., 2013. Decision-

making competence in everyday life: The roles of general 

cognitive styles, decision-making styles and personality. 

Personality and Individual Differences, 55 (7), 783–788. 

Dijksterhuis, G., 2016. New product failure: Five potential 

sources discussed. Trends in Food Science and Technology, 

50, 243–248. 

Doctor, R. N., Newton, D. P., and Pearson,  a., 2001. Managing 

uncertainty in research and development. Technovation, 21 

(2), 79–90. 

Dorst, K. and Cross, N., 2001. Creativity in the design process: 

co-evolution of problem–solution. Design Studies, 22 (5), 

425–437. 

Doupnik, T. S. and Richter, M., 2003. Interpretation of 

uncertainty expressions : a cross-national study, 28, 15–35. 

Downey, H. K., Hellriegel, D., and Slocum, J. W., 1975. The 

Effects of Individual Differences on Managers’ Perceptions 

of Environmental Uncertainty. Academy of Management 

Proceedings, 1975 (1), 200–202. 

Downey, H. K., Hellriegel, D., Slocum, J. W., Kirk, H., and 

Slocum, W., 1975. Environmental uncertainty : The 

Construct and Its Application. Administrative Science 

Quarterly, 20 (4), 613–629. 

Downey, K. H. and Slocum, J. W., 1975. Uncertainty: Measures, 

Research, and Sources of Variation. Academy of 

Management Journal, 18 (3), 562–578. 

Dugas, M. J., 1997. Intolerance of uncertainty and problem 

orientation in worry. Cognitive Therapy and Research, 21 

(6), 593–606. 

Dugas, M. J., Hedayati, M., Karavidas, A., Buhr, K., Francis, K., 

and Phillips, N. A., 2005. Intolerance of Uncertainty and 



Directions for future research 175 

175 

Information Processing: Evidence of Biased Recall and 

Interpretations. Cognitive Therapy and Research, 29 (1), 

57–70. 

Edmondson, A. C. and Nembhard, I. M., 2009. Product 

Development and Learning in Project Teams: The 

Challenges Are the Benefits, 123–138. 

Eisenhardt, K. M., 1989. Building Theories from Case Study 

Research. The Academy of Management Review [online], 14 

(4), 532. Available from: 

http://www.jstor.org/stable/258557?origin=crossref. 

Eisenhardt, K. M. and Graebner, M. E., 2007. Theory building 

from cases: Opportunities and challenges. Academy of 

Management Journal, 50 (1), 25–32. 

Flyvbjerg, B., 2006. Five Misunderstandings About Case-Study 

Research. Qualitative Inquiry [online], 12 (2), 219–245. 

Available from: 

http://journals.sagepub.com/doi/10.1177/107780040528436

3. 

Fox, J., Gann, R., Shur, A., Von Glahn, L., and Zaas, B., 1998. 

Process Uncertainty: A New Dimension for New Product 

Development. Engineering Management Journal, 10 (3), 

19–27. 

Frishammar, J., Floren, H., and Wincent, J., 2011. Beyond 

Managing Uncertainty: Insights From Studying 

Equivocality in the Fuzzy Front End of Product and Process 

Innovation Projects. IEEE Transactions on Engineering 

Management, 58 (3), 551–563. 

Galbraith, J. R., 1974. Organization Design: An Information 

Processing View. Interfaces, 4 (3), 28–36. 

Garcia, R., 2005. Uses of Agent-Based Modeling in 

Innovation/New Product Development Research, (617), 

380–398. 



176  References 

 

 

Gassmann, O. and Schweitzer, F., 2014. Management of the 

Fuzzy front end of innovation. Management of the Fuzzy 

Front End of Innovation. 

Gerber, E., 2009. Prototyping: facing uncertainty through small 

wins. In: Proceedings of ICED 09, the 17th International 

Conference on Engineering Design, Vol. 9, Human 

Behavior in Design. 333–342. 

Green, M. C., 2004. Transportation Into Narrative Worlds: The 

Role of Prior Knowledge and Perceived Realism. Discourse 

Processes, 38 (2), 247–266. 

Green, M. C. and Brock, T. C., 2000. The Role of Transportation 

in the Persuasiveness of Public Narratives. Journal of 

Personality and Social Psychology, 79 (5), 701–721. 

Gupta, S. M. and Brennan, L., 1995. MRP systems under supply 

and process uncertainty in an integrated shop floor control 

environment. The International Journal of Production 

Research, 33 (1), 205–220. 

Hair Jr., J. F., Celsi, M. W., Money, A. H., Samouel, P., and 

Page, M. J., 2011. Essentials of Business Research Methods, 

477. 

Hans, E. W., Herroelen, W., Leus, R., and Wullink, G., 2007. A 

hierarchical approach to multi-project planning under 

uncertainty. Omega, 35 (5), 563–577. 

van den Hende, E. A. and Schoormans, J. P. L., 2012. The story 

is as good as the real thing: Early customer input on product 

applications of radically new technologies. Journal of 

Product Innovation Management, 29 (4), 655–666. 

Herroelen, W. and Leus, R., 2005. Project scheduling under 

uncertainty: Survey and research potentials. European 

Journal of Operational Research, 165 (2), 289–306. 

Herstatt, C. and Verworn, B., 2004. Reducing project related 



Directions for future research 177 

177 

uncertainty in the ‘ fuzzy front end ’ of innovation: a 

comparison of German and Japanese. International Journal 

of Product Development, 1 (1), 329–352. 

Hjalmarson, M. A., Cardella, M., and Adams, R., 2006. 

Uncertainty and iteration in design tasks for engineering 

Students. In: Foundations for the future in mathematics 

Education. 403–424. 

Hoegl, M. and Parboteeah, K. P., 2006. Team re exivity in 

innovative projects. R&D Management, 36 (2), 113–126. 

Hofstede, G., 2003. The Cultural Relativity of Organizational 

Practices and Theories. Journal of International Business 

Studies, 14 (2), 75–89. 

Huang, Y.-S., Liu, L.-C., and Ho, J.-W., 2015a. Decisions on 

new product development under uncertainties. International 

Journal of Systems Science, 46 (6), 1010–1019. 

Huang, Y.-S., Liu, L. C., and Ho, J. W., 2015b. Decisions on 

new product development under uncertainties. International 

Journal of Systems Science, 46 (6), 1010–1019. 

Hult, G. T. M., Ketchen, D. J., and Slater, S. F., 2004. 

Information processing, knowledge development, and 

strategic supply chain performance. Academy of 

Management Journal, 47 (2), 241–253. 

Kim, J. and Wilemon, D., 2002. Focusing the fuzzy front-end in 

new product development. R&D Management, 32 (4), 269–

279. 

Kim, J. and Wilemon, D., 2003. Sources and assessment of 

complexity in NPD projects. R&D Management, 33 (1), 15–

30. 

Kleinsmann, M., Buijs, J., and Valkenburg, R., 2010. 

Understanding the complexity of knowledge integration in 

collaborative new product development teams: A case 



178  References 

 

 

study. Journal of Engineering and Technology Management 

- JET-M, 27 (1–2), 20–32. 

Koufteros, X. A., Vonderembse, M. A., and Doll, W. J., 2002. 

Integrated product development practices and competitive 

capabilities: The effects of uncertainty, equivocality, and 

platform strategy. Journal of Operations Management, 20 

(4), 331–355. 

Koufteros, X., Vonderembse, M., and Jayaram, J., 2005. Internal 

and external integration for product development: The 

contingency effects of uncertainty, equivocality, and 

platform strategy. Decision Sciences. 

Kreye, Goh, Y. M., and Newnes, L. B., 2011. Manifestation of 

uncertainty-A classification. In DS 68-6: Proceedings of the 

18th International Conference on Engineering Design 

(ICED 11), Impacting Society through Engineering Design, 

Vol. 6: Design Information and Knowledge, 

Lyngby/Copenhagen, Denmark, 15.-19.08. 2011. 

Kreye, M. E., 2016. Uncertainty and Behaviour: Perceptions, 

decisions and actions in business. London, UK: Gower 

Publishing, Ltd. 

Kreye, M. E., 2017. Relational uncertainty in service dyads. 

International Journal of Operations & Production 

Management, 37 (3), 363–381. 

Kreye, M. E., B. Newnes, L., and Mey Goh, Y., 2013. 

Information availability at the competitive bidding stage for 

service contracts. Journal of Manufacturing Technology 

Management, 24 (7), 976–997. 

Kreye, M. E. and Balangalibun, S., 2015. Uncertainty in project 

phases: A framework for organisational change 

management. In: EurAM - European Academy of 

Management. 



Directions for future research 179 

179 

Kreye, M. E., Goh, Y. M., Newnes, L. B., and Goodwin, P., 

2012a. Approaches to displaying information to assist 

decisions under uncertainty. Omega, 40 (6), 682–692. 

Kreye, M. E., Goh, Y. M., Newnes, L. B., and Goodwin, P., 

2012b. Approaches to displaying information to assist 

decisions under uncertainty. Omega, 40 (6), 682–692. 

Kutsch, E. and Hall, M., 2005. Intervening conditions on the 

management of project risk: Dealing with uncertainty in 

information technology projects. International Journal of 

Project Management, 23 (8), 591–599. 

Lawrence, P. R. and Lorsch, J. W., 1967. New management job: 

the integrator. Harvard Business Review, (November), 41–

46. 

Lee, H. L., 2003. Aligning supply chain strategies with product 

uncertainties. California Management Review, 44 (3), 105. 

Leech, N. L. and Onwuegbuzie, A. J., 2008. Qualitative Data 

Analysis: A Compendium of Techniques and a Framework 

for Selection for School Psychology Research and Beyond. 

School Psychology Quarterly, 23 (4), 587–604. 

Li, X. and Yu, L., 2016. Decision making under various types of 

uncertainty. International Journal of General Systems, 45 

(3), 251–252. 

Liberatore, M. J., 2002. Project Schedule Uncertainty Analysis 

Using Fuzzy Logic. Project Management Journal, 33 (4), 

15–22. 

Liu, J. Y., Chen, H., Chen, C. C., and Shin, T., 2011. 

Relationships among interpersonal conflict , requirements 

uncertainty , and software project performance. JPMA, 29 

(5), 547–556. 

Lynn, G. S. and Akgün, A. E., 1998. Innovation strategies under 

uncertainty: A contingency approach for new product 



180  References 

 

 

development. EMJ - Engineering Management Journal, 10 

(3), 11–18. 

Maher, M. Lou and Poon, J., 1996. Modelling Design 

Exploration as Co-Evolution. Microcomputers in Civil 

Engineering, 11 (1996), 195–210. 

Markham, S. K., 2013. The impact of front-end innovation 

activities on product performance. Journal of Product 

Innovation Management, 30 (SUPPL 1), 77–92. 

Matthews, C. H., & Scott, S. G., 1995. Uncertainty and planning 

in small and entrepreneurial firms: An empirical assessment. 

Journal of Small Business Management, 33 (4), 34. 

McDermott, C. M. and O’Connor, G. C., 2002. Managing radical 

innovation: An overview of emergent strategy issues. 

Journal of Product Innovation Management, 19 (6), 424–

438. 

Mehta, N., Hall, D., and Byrd, T., 2014. Information technology 

and knowledge in software development teams: The role of 

project uncertainty. Information and Management, 51 (4), 

417–429. 

Melander, L. and Tell, F., 2014. Uncertainty in collaborative 

NPD: Effects on the selection of technology and supplier. 

Journal of Engineering and Technology Management - JET-

M, 31 (1), 103–119. 

Meyer, A. De and Pich, M. T., 2002. A Framework for Project 

Management under Uncertainty. Analysis, 43 (2), 1–5. 

Milanovic, J. V. and Hiskens, I. A., 1998. Damping 

enhancement by robust tuning of SVC controllers in the 

presence of load parameters uncertainty. IEEE Transactions 

on Power Systems., 13 (4), 1298–1303. 

Miles, M. B., Huberman, A. M., and Saldaña, J., 2014. 

Qualitative Data Analysis: A Methods Sourcebook. 3rd ed. 



Directions for future research 181 

181 

Thousand Oaks, CA, USA: Sage Publications, Inc. 

Milliken, F. J., 1987. Three Types of Perceived Uncertainty 

About the Environment: State, Effect, and Response 

Uncertainty. Academy of Management Review, 12 (1), 133–

143. 

Muffatto, M. and Roveda, M., 2000. Developing product 

platforms: analysis of the devwelopment process. 

Technovation, 20 (11), 617–630. 

Muhanna, R. L., Zhang, H., and Mullen, R. L., 2007. Interval 

finite elements as a basis for generalized models of 

uncertainty in engineering mechanics. Reliable Computing, 

13 (2), 173–194. 

Murphy, S. A. and Kumar, V., 1997. The front end of new 

product development: a Canadian survey. R&D 

Management, 27 (1), 5–15. 

Nagano, M. S., Stefanovitz, J. P., and Vick, T. E., 2014. 

Innovation management processes, their internal 

organizational elements and contextual factors: An 

investigation in Brazil. Journal of Engineering and 

Technology Management, 33, 63–92. 

NDao, V. and Zmud, R., 2013. Innovating firms’ strategic 

signaling along the innovation life cycle: The standards war 

context. Journal of Engineering and Technology 

Management, 30 (3), 288–308. 

Nearing, G. S., Tian, Y., Gupta, H. V., Clark, M. P., Harrison, K. 

W., and Weijs, S. V., 2016. A philosophical basis for 

hydrological uncertainty. Hydrological Sciences Journal, 61 

(9), 1666–1678. 

Nihtilä, J., 1999a. R&D–Production integration in the early 

phases of new product development projects. Journal of 

Engineering and Technology Management, 16 (1), 55–81. 



182  References 

 

 

Nihtilä, J., 1999b. R&D–Production integration in the early 

phases of new product development projects. Journal of 

Engineering and Technology Management, 16 (1), 55–81. 

Noor, K., 2008. Case Study : A Strategic Research Methodology 

Khairul Baharein Mohd Noor. American Journal of Applied 

Sciences, 5 (11), 1602–1604. 

Nutt, P. C., 1988. The effects of culture on decision making. 

Omega, 16 (6), 553–567. 

O’Connor, G. C. and Rice, M. P., 2013. A Comprehensive 

Model of Uncertainty Associated with Radical Innovation. 

Journal of Product Innovation Management, 30 (s1), 2–18. 

Oehmen, J., Olechowski, A., Robert Kenley, C., and Ben-Daya, 

M., 2014. Analysis of the effect of risk management 

practices on the performance of new product development 

programs. Technovation, 34 (8), 441–453. 

Oh, J., Yang, J., and Lee, S., 2012. Managing uncertainty to 

improve decision-making in NPD portfolio management 

with a fuzzy expert system. Expert Systems with 

Applications, 39 (10), 9868–9885. 

Olausson, D. and Berggren, C., 2010. Managing uncertain, 

complex product development in high-tech firms: in search 

of controlled flexibility. R&D Management, 40 (4), 383–

399. 

Parlar, M. and Perry, D., 1996. Inventory models of future 

supply uncertainty with single and multiple suppliers. Naval 

Research Logistics, 43 (2), 191–210. 

Perminova, O., Gustafsson, M., and Wikström, K., 2008. 

Defining uncertainty in projects - a new perspective. 

International Journal of Project Management, 26 (1), 73–

79. 

Petrakis, P. E., Kostis, P. C., and Kafka, K. I., 2015. Secular 



Directions for future research 183 

183 

stagnation, faltering innovation, and high uncertainty: New-

era entrepreneurship appraisal using knowledge-based 

thinking. Journal of Business Research, 1–5. 

Pinto, M ; Pinto, J., 1990. Project team communication and 

cross-functional cooperation in new program development. 

Journal of Product Innovation Management, 7 (3), 200–

212. 

Postema, H. and Obbink, J. H., 2002. Platform Based Product 

Development. In: 4th International Workshop on Software 

Product-Family Engineering. 390–400. 

Ragatz, G. L., Handfield, R. B., and Petersen, K. J., 2002. 

Benefits associated with supplier integration into new 

product development under conditions of technology 

uncertainty. Journal of Business Research, 55 (5), 389–400. 

Raz, T., Shenhar, A. J., and Dvir, D., 2002. Risk management, 

project success, and technological uncertainty. R&D 

Management, 32 (2), 101–109. 

Robertson, D. and Ulrich, K., 1998. Planning for Product 

Platforms. Sloan Managament Review, 39 (4), 19–31. 

Rode, C., Cosmides, L., Hell, W., and Tooby, J., 1999. When 

and why do people avoid unknown probabilities in decisions 

under uncertainty? Testing some predictions from optimal 

foraging theory. Cognition, 72 (3), 269–304. 

Rönnberg Sjödin, D., Frishammar, J., and Eriksson, P. E., 2016. 

Managing uncertainty and equivocality in joint process 

development projects. Journal of Engineering and 

Technology Management - JET-M, 39, 13–25. 

Salerno, M. S., Gomes, L. A. D. V., Da Silva, D. O., Bagno, R. 

B., and Freitas, S. L. T. U., 2015. Innovation processes: 

Which process for which project? Technovation, 35, 59–70. 

Salomo, S., Weise, J., and Gemünden, H. G., 2007. NPD 



184  References 

 

 

Planning Activities and Innovation Performance: The 

Mediating Role of Process Management and the Moderating 

Effect of Product Innovativeness. Journal of Product 

Innovation Management, 24 (4), 285–302. 

Salomo, S., Weise, J., Gemünden, H. G., and Gemu, H. G., 2007. 

NPD planning activities and innovation performance: The 

mediating role of process management and the moderating 

effect of product innovativeness. Journal of Product 

Innovation Management, 24 (4), 285–302. 

Samson, S., Reneke, J. a., and Wiecek, M. M., 2009. A review of 

different perspectives on uncertainty and risk and an 

alternative modeling paradigm. Reliability Engineering and 

System Safety, 94 (2), 558–567. 

Sawyerr, O. O., 1993. Environmental Uncertainty and 

Environmental Scanning Activities of Nigerian 

Manufacturing Executives : A Comparative Analysis. 

Strategic Management, 14 (4), 287–299. 

Schneckenberg, D., Velamuri, V. K., Comberg, C., and Spieth, 

P., 2016. Business model innovation and decision making: 

Uncovering mechanisms for coping with uncertainty. R&D 

Management, 47 (3), 404–419. 

Schrader, S., Riggs, W. M., and Smith, R. P., 1993. Choice over 

uncertainty and ambiguity in technical problem solving. 

Journal of Engineering and Technology Management, 10 

(1–2), 73–99. 

Schweitzer, F. and Van den Hende, E. A., 2017. Drivers and 

Consequences of Narrative Transportation: Understanding 

the Role of Stories and Domain-Specific Skills in Improving 

Radically New Products. Journal of Product Innovation 

Management, 34 (1), 101–118. 

Shrader, C. B., Mulford, C. L., and Blackburn, V. L., 1989. 

Strategic and operational planning, uncertainty, and 



Directions for future research 185 

185 

performance in small firms. Journal of Small Business 

Management, 27 (4), 45–60. 

Sicotte, H. and Bourgault, M., 2008. Dimensions of uncertainty 

and their moderating effect on new product development 

project performance. R&D Management, 38 (5), 468–479. 

Sim, S. K. and Duffy, A. H. B., 2003. Towards an ontology of 

generic engineering design activities. Research in 

Engineering Design, 14 (4), 200–223. 

Song, X. M., & M.-W. and Montoya-Weiss, 1998. Critical 

development activities for really new versus incremental 

products. Journal of Product Innovation Management, 15 

(2), 124–135. 

Song, M. and Montoya-Weiss, M. M., 2001. The effect of 

perceived technological uncertainty on japanese new 

product development. Academy of Management Journal, 44 

(1), 61–80. 

Song, Y.-I., Lee, D.-H., Lee, Y.-G., and Chung, Y.-C., 2007. 

Managing uncertainty and ambiguity in frontier R&D 

projects: A Korean case study. Journal of Engineering and 

Technology Management, 24 (2007), 231–250. 

Souder, W. E. and Moenaert, R. K., 1992. Integrating marketing 

and R&D project personnel within innovation projects: an 

information uncertainty model. Journal of Management 

Studies, 29 (4), 485–512. 

Souder, W. E., Sherman, J. D., and Davies-Cooper, R., 1998. 

Environmental uncertainty, organizational integration, and 

new product development effectiveness: a test of 

contingency theory. Journal of Product Innovation 

Management. 

Steinert, M. and Leifer, L., 2012. “ Finding One ’ s Way ” Re-

Discovering a Hunter- Gatherer Model based on Wayfaring. 

International Journal of Engineering Education, 28 (2), 



186  References 

 

 

251–252. 

Stockstrom, C. and Herstatt, C., 2008. Planning and uncertainty 

in new product development. R&D Management, 38 (5), 

480–490. 

Tatikonda, M. V. and Rosenthal, S. R., 2000a. Successful 

execution of product development projects: Balancing 

firmness and flexibility in the innovation process. Journal of 

Operations Management, 18 (4), 401–425. 

Tatikonda, M. V and Rosenthal, S. R., 2000b. Technology 

novelty, project complexity, and product development 

project execution success: A deeper look at task uncertainty 

in product innovation. IEE Transactions on engineering 

management, 47 (1), 74–87. 

Thomas, J. and Mengel, T., 2008. Preparing project managers to 

deal with complexity – Advanced project management 

education. International Journal of Project Management, 26 

(3), 304–315. 

Tracey, M. W. and Hutchinson, A., 2016. Uncertainty, 

reflection, and designer identity development. Design 

Studies, 42, 86–109. 

Tversky, A. and Kahneman, D., 1974. Judgement under 

Uncertainty: Heuristics and Biases. Science, 185 (4157), 

1124–1131. 

Ullman, D. G., 2009. Design: the evolution of information 

punctuated by decisions. ICED 09, the 17th International 

Conference on Engineering Design, 181–192. 

Verworn, B., Herstatt, C., and Nagahira, A., 2008. The fuzzy 

front end of Japanese new product development projects: 

Impact on success and differences between incremental and 

radical projects. R & D Management, 38 (1), 1–19. 

Vohra, V., 2014. Using the multiple case study design to 



Directions for future research 187 

187 

Decipher contextual leadership behaviors in Indian 

organizations. Electronic Journal of Business Research 

Methods, 12 (1), 54–65. 

Voss, C., Tsikriktsis, N., and Frohlich, M., 2002. Case research 

in operations management. International Journal of 

Operations & Production Management, 22 (2), 195–219. 

Wagner, S. M. and Hoegl, M., 2006. Involving suppliers in 

product development: Insights from R&D directors and 

project managers. Industrial Marketing Management, 35 

(8), 936–943. 

Walker, W. E., Harremoës, P., Rotmans, J., van der Sluijs, J. P., 

van Asselt, M. B. a., Janssen, P., and Krayer von Krauss, M. 

P., 2003. Defining Uncertainty: A Conceptual Basis for 

Uncertainty Management in Model-Based Decision 

Support. Integrated Assessment, 4 (1), 5–17. 

Wang, J., 2017. Structuring innovation funnels for R&D projects 

under uncertainty. R&D Management, 47 (1), 127–140. 

Wang, J., Wang, C. Y., and Wu, C. Y., 2015. A real options 

framework for R&D planning in technology-based firms. 

Journal of Engineering and Technology Management, 35, 

93–114. 

Wasiak, J., Hicks, B., Newnes, L., Loftus, C., Dong, A., and 

Burrow, L., 2011. Managing by E-mail: What e-mail can do 

for engineering project management. IEEE Transactions on 

Engineering Management, 58 (3), 445–456. 

Weck, O. De, Eckert, C., and Clarkson, P., 2007. A 

Classification of Uncertainty for Early Product and System 

Design. ICED07: 16th International Conference of 

Engineering Design, (August), 159–160. 

Weston, C., Gandell, T., Beauchamp, J., Wiseman, C., and 

Beauchamp, C., 2001. Analyzing interview data: The 

development and evolution of a coding system. Qualitative 



188  References 

 

 

Sociology, 24 (3), 381–400. 

Wiltschnig, S., Christensen, B. T., and Ball, L. J., 2013. 

Collaborative problem–solution co-evolution in creative 

design. Design Studies, 34 (5), 515–542. 

Windschitl, P. D. and Wells, G. L., 1996. Measuring 

Psychological Uncertainty: Verbal Versus Numeric 

Methods. Journal of Experimental Psychology: Applied, 2 

(4), 343–364. 

Wolff, M. F., 1989. Building Teams-What Works (Sometimes). 

Research Technology Management, 32 (6), 9. 

Yang, I.-T., 2005. Impact of Budget Uncertainty on Project 

Time-Cost Tradeoff. IEEE Transactions on Engineering 

Management, 52 (2), 167–174. 

Yap, C. M. and Souder, W. E., 1994. Factors Influencing New 

Product Success and Failure in Small Entrepreneurial High‐
Technology Electronics Firms. Journal of Product 

Innovation Management, 11 (5), 418–432. 

Yin, R. K., 1984. Case Study Research: Design and Methods. 

Beverly Hills, California.: SAGE Publications. 

Yin, R. K., 2009. Case study research: design and methods. Los 

Angeles, CA, USA: SAGE Publications. 

Zhang, Q. and Doll, W. J., 2001. The fuzzy front end and 

success of new product development: a causal model. 

European Journal of Innovation Management, 4 (2), 95–

112. 



APPENDIX 

CONFERENCE PAPER 1: MODEL OF DESIGN-

ING AS THE INTERSECTION BETWEEN UN-

CERTAINTY PERCEPTION, INFORMATION 

PROCESSING, AND COEVOLUTION.  

Presented at: The International design conference, 2016 

  



190  Appendix 

 

 

INTERNATIONAL DESIGN CONFERENCE 

- DESIGN 2016 
Dubrovnik - Croatia, May 16 - 19, 2016. 

A MODEL OF DESIGNING AS 

THE INTERSECTION BETWEEN 

UNCERTAINTY PERCEPTION, 

INFORMATION PROCESSING, 

AND COEVOLUTION  

S. V. Lasso, P. Cash, J. Daalhuizen and M. Kreye 

 

Keywords: uncertainty perception, information-processing theory 

(IPT), co evolution 

1. Introduction 

A number of fundamental perspectives on designing have been described in 

the literature, in particular problem/solution coevolution and information 

use. However, these different perspectives have to-date been modelled sepa-

rately, making holistic description of design activity difficult. This paper 

takes the first steps towards linking these disparate perspectives in a model 

of designing that synthesises coevolution and information processing. 

How designers act has been shown to play an important role in the process 

of New Product Development (NPD) (See e.g. Badke-Schaub and Franken-

berger, 2012). Modeling design activity in NPD is typically done in one of 

three ways; object-, subject- or process oriented. First, it can be modeled by 

focusing on the object of design: the product. Second, it can be modeled by 

describing the social interaction and knowledge exchange between actors. 

And third, design activity can be modeled by describing the steps and phases 

that entails a specific design activity (Bedny & Harris, 2005).  

In all aspects and stages of the NPD process, uncertainty plays a key role 

both within the project itself as well as in relation to the project environment 

(Huang, Liu & Ho, 2015). In order to resolve uncertainty, both individuals 

and teams need to engage in decision making. In the case of decision making 

in a team, there is also greater scope for uncertainty, since personality and 

cognitive style influence decision making (Dewberry, Juanchich & Naren-
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dran, 2013) and every person has a different perception of uncertainty. This 

difference can for example lead to a lack of agreement on the best solution. 

In NPD projects information is used to minimize the uncertainties inherent to 

innovation (Stockstrom & Herstatt, 2008; Huang, Liu & Ho, 2015), howev-

er, it is important to accept that there are uncertainties that can not be mini-

mized and are inherent to the project itself (Ullman ,2009).Thus, in NPD, the 

designer's activity is impacted by a wide range of variables. 

First, uncertainty is significant both inside and outside the project (as in the 

market for example), and is perceived and acted upon by the designer. Un-

certainty perception can be connected to personal characteristics and cultural 

background, as well as experience and domain specific knowledge. The de-

signer may perceive uncertainty arising from the design of the artefact, from 

the market, from consumer use, from prototyping, and others. 

Second, the designer's perceived uncertainty is the motivation to start a pro-

cess of collecting, exchanging, and integrating knowledge. This has been 

formalised in Information-Processing Theory and more generally described 

by authors such as Aurisicchio et al. (2013) who describe design as an 

information transformation process. Here the aim of the activity is to reduce 

the perceived uncertainty through identifying and integrating external infor-

mation and knowledge within the design team. For example, when perceiv-

ing uncertainty the designer might seek new information online, process this 

information, and share with their team in order to assess e.g. opinion, after 

that they process this knowledge and information together with their inter-

pretation, giving a context to it and finally analysing if the new knowledge is 

helpful.  

Third, the designer's perceived uncertainty might also be the motivation to 

start a process of synthesizing information and ideas into new design propo-

sitions through the process of simulation. That is, design work is character-

ised by an iterative process between problem and solution space, also termed 

design coevolution (Poon and Maher, 1997; Dorst and Cross, 2001). This 

describes how problem and solution coevolve over time and have a mutual 

effect on one another, helping the designer to resolve high levels of uncer-

tainty (Christensen & Ball, 2013). 

Thus in resolving NPD projects two fundamental processes are the manipu-

lation and evolution of the problem and solution spaces (Christensen & Ball, 

2013), and the transformation of information (Aurisicchio et al., 2013). 

However, prior research has traditionally modelled these perspectives sepa-

rately; making holistic description of designer activity difficult. Thus the aim 

of this paper is to propose a model that links design coevolution and infor-

mation processing via uncertainty perception. This brings us to the following 

question: How are coevolution, information processing, and perception of 

uncertainty connected?  

The paper is structured in the following way. First, it presents the definitions 

and literature review of Uncertainty Perception, Information Processing, and 
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Coevolution highlighting connections between them. The proposed model is 

then presented and explained. The paper closes with conclusions, limitations, 

and suggestions for further studies, including testing of the model itself. 

2. Uncertainty perception 

Walker et al (2003) defined uncertainty as "any departure from the 

unachievable ideal of complete determinism". This is differentiated from risk 

by Blau and Sinclair (2001) using a metaphor about weather. Here, uncer-

tainty is the possibility of rain, it cannot be changed; and risk is the possibil-

ity of being caught in the rain with no umbrella, it is a consequence. Thus, 

even when effectively managing the uncertainties within an innovation pro-

ject there is always the risk of problems or failure. 

Focussing on the sources of uncertainty, Ullman (2009) describes infor-

mation uncertainty as having three sources: human cognition, environment, 

and variation. 

The human cognition source can have five causes. The first is limited 

knowledge, as uncertainty comes from a lack of knowledge and the more 

knowledge one has the fewer uncertainties they will have. The second is 

approximations, related to the models that are made, which are not true rep-

resentations of reality. The third is the viewpoint differences across the vari-

ous team members. The fourth is terminology imprecision and the misuse of 

terms. The last is disagreement amongst team members.  

With respect to the environment source, Ullman (2009) states that it’s driven 

by the organization itself, with two main causes. The first is other projects, 

where one project can depend on others. The second is organization priori-

ties and procedures, where companies alter a project according to changing 

priorities.  

The last source is variation with four causes: statistical, aging, environment, 

and measurement of errors. The first is connected to the random nature of 

the behaviour of things. The second is related to the variation of time, as for 

example the duration of things. The third is about the environment and how 

it can change things, as for example the weather. The fourth is connected to 

statistical mistakes when doing measurements. 

Other frameworks exist in the literature, such as Walker et al. (2003) who 

focus on three dimensions of the uncertainty: location, level, and nature of 

uncertainty (epistemic and variability); Kreye, Goh & Newnes (2011) who 

classified uncertainty in five layers: nature, cause, level, manifestation and 

expression; or De Weck Olivier, Eckert and John (2007) who focus uncer-

tainty related to the internal or to the external world of the individual. How-

ever, an exhaustive review of uncertainty is not necessary for this work be-

cause although there are multiple types and sources of uncertainty, they can 

only influence activity after they are perceived. As such, the proposed model 
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in this paper will focus on the designer´s perceived uncertainties as they 

form the driver for the designer’s activities and decisions. 

It is important to notice that uncertainty perception is distinct from the 

sources of uncertainty in that each person has a different perception due to 

personal and cultural characteristics (Doctor, Newton & Pearson, 2001). 

Uncertainty perception is a process that happens in the designers' work, and 

finding a way to deal with high levels of perceived uncertainty in a produc-

tive way can be challenging, especially during decision making.  

It is important to better understand how the designer deals with uncertainty 

perception in a NPD project since, new product development is both relevant 

to overall business success and highly uncertain (Hjalmarson, Cardella & 

Adams, 2007; Stockstrom & Herstatt, 2008). Thus there is a need to under-

stand how designers act and can subsequently be more effectively support-

ed/managed in this context. 

Perception of uncertainty is connected with the two reasoning systems ex-

plored by Sloman (1996) and Osman (2004), where one system is intuitive 

and the other is analytical. Both systems work together when dealing with 

uncertainty perception and decision making. They are also influenced by 

personal characteristics (Kreye, 2015). Personal characteristics are a filter 

through which designers see and perceive uncertainty, as each person has 

different background and individual characteristics, each has a different filter 

to see, perceive and deal with uncertainty. 

Perception of uncertainty can be personal or shared with the team, and influ-

ences the activity and decisions taken in a project. It is the perception of 

uncertainty that drives action related to information or design; therefore it is 

relevant for the designers work to know what processes the uncertainty per-

ception drives as well as how the designers deal with these processes in re-

ality. Specifically, uncertainty perception is linked to information processing 

since it triggers the search for new information and knowledge; and to prob-

lem/solution coevolution through interaction with the artefact, once the prob-

lem brings the motivation and the uncertainty. 

3. Information processing  

For the designer, information is a key part of their work, since without it 

they can not progress the project. When seeking for information, which in-

cludes both acquisition of information and information processing, the de-

signer gains knowledge. According to Dervin (1998), knowledge is value. It 

gives value by providing answers that can minimize the designer’s uncer-

tainty and through those answers allows him or her to progress the project 

towards completion.  

While seeking for information, the designer will select and collect new in-

formation from multiple sources. For example, when a designer has a moti-

vation to design an artefact to hold rain water, he or she might be uncertaint 

about how rain water could be collected in an appropriate way. The designer 
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might seek information via various sources like internet, articles, and books 

in order to help them progress the project.  

After finding information the designer must process and internalise it. Here, 

the designer will process the new information in terms of in how it might 

help to come to a solution. The designer's background, previous knowledge 

and personal characteristics, etc. will influence the way the information is 

processed and give context to it. As a result, the processed information might 

help the designer to see one or more solutions 

The information processing concepts have been brought together by Cash & 

Kreye (2014) in their information-processing cycles. The cycle starts when a 

designer has a problem (or perceives uncertainty), the individual seeks in-

formation, through acquisition and processing. In the first case, the individu-

al will acquire new information through books, Internet or other sources and 

will collect this new knowledge with their existing knowledge.  

During processing, the individual will interpret the new knowledge, learn 

and give a context to it. It is possible that the new knowledge will not be 

enough and they will go back to information seeking. It is also possible that 

the new knowledge will alter his/her notion of the problem and make them 

go back to give a new perspective on it, which can also alter the information 

that they will seek next. After seeking information, finding it and interpret-

ing, the individual can pass to the knowledge exchange with his/her team, 

which can be informal, formal, implicit or explicit. When exchanging 

knowledge with others, team members typically experience high levels of 

uncertainty, as they perceive the situation from different, idiosyncratic per-

spectives. Going back to the example, the designer would share with his/her 

colleagues his/her findings and ideas for the water collection artefact and 

would gain feedback on it. This feedback, after being processed, can lead to 

him/her perceiving new uncertainties, or to change the problem or the solu-

tion. 

According to Ullman (2009) decisions can be made by individuals or the 

team. Product development decisions are typically complex as not all the 

possibilities are known and not all information is available. As a result, there 

is often disagreement between team members. . Thus uncertainty perception 

can drive a process of information seeking, processing, and exchange influ-

encing both activity and decision making as illustrated in Figure 1 (adapted 

from Cash & Kreye, 2014). 

Figure 1 is an adaptation of Cash & Kreye (2014) framework on the infor-

mation processing cycle in which for the building of the model in Figure 3 

was added the problem and solution to the uncertainty giving the model a 

broader and new comprehension of it. The connection between the loops was 

also added, since it is relevant to know how the loops are connected, relate 

and interact with each other. 
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Figure 1: Information processing and uncertainty 

 

4. Coevolution of problem and solution 

The concept of coevolution originated in biology where it is used to describe 

the mutual development of one species in response to another; their interac-

tion and adaptation (Janzen, 1980). Taking this concept out of biology, Ma-

her and Poon (1995) researched the fitness function in the problem-solution 

process. They worked with two spaces: the problem space and solution 

space.  

In design, it is necessary to develop the solution, yet it often involves the 

reframing of the problem as well (see e.g. Dorst, 2011). This process implies 

that the problem is not something fixed but will evolve as the solution space 

is being explored. 

Dorst and Cross (2001) have shown that as a solution is being developed, it 

can change the view of the problem, often triggered by the introduction of 

'surprise' solution spaces. This complements the notion of Maher and Poon 

(1995) of the problem/solution as an interactive process and not static and 

finite, with only the movement from problem to solution. Thus in design, 

coevolution refers to the process a designer starts with an idea for the prob-

lem and develops the solution. The new solution then alters the first idea of 

the problem. They use ideas and information to better understand these spac-

es and subsequently try to find a solution and test it to see if it is a fit solu-

tion. If not, they start to look for another solution or problem formulation, as 

an interactive process (Maher, Poon & Boulanger, 1996; Maher and Poon, 

1996; Maher, 2000).  
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As a result of the flexibility of the problem-solution process, it is possible to 

have coevolution transitions including problem to problem (when the prob-

lem creates a new problem), problem to solution, solution to problem (when 

the solution changes the problem) and solution to solution, only finishing 

upon finding of an appropriate solution or several solutions.  

Wiltschnig, Christensen, and Ball (2013) describe a change in the definition 

of the problem as an effect of the solution, which can happen for numerous 

reasons, such as an inaccurate understanding of the problem itself, lack of 

prior knowledge, and new technology in the market. Linking these back to 

uncertainty and its subsequent perception, it is possible to link the coevolu-

tion of problem and solution to a designer's uncertainty perception at a fun-

damental level. 

In particular, simulation plays a key part in the coevolution process. Simula-

tion in design is described as a practice by which a designer brings certain 

elements of an idea to life, in order to be able to evaluate its value in relation 

to the design goal. Simulation is a key element of the design cycle, as it can 

be seen in Figure 2.The basic design cycle consists of the following basic 

activities: analysis, synthesis, simulation, evaluation, and decision. With 

simulation, the designer can bring to reality his/her ideas and see their inter-

actions and connections, which allows him/her to have a better understand-

ing of both problem- and solution space and help in his/her decision making 

process.  

 

 
                          Figure 2: Coevolution and uncertainty 
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Thus as with information processing, the perception of uncertainty is part of 

the coevolution process as it influences its progression and drives designers 

to synthesize, simulate and evaluate ideas. As this process unfolds, new un-

certainties might arise in the mind of the designer as the problem- and solu-

tion spaces interact with each other. Also, when carrying out simulations, 

new uncertainties can be perceived. This is driven by new perspectives that 

emerge when the designer tries to put his/her ideas into reality and compares 

them to what they initially thought about the problem or expected from the 

solution. From the example used above, one simulation would be to make a 

simple prototype of the rain water holder, which would give the designer 

insights that after being processed can alter their perception of the problem, 

the solution, the uncertainty associated with the design.  

As coevolution happens, new knowledge is built within a person or a team 

(Rosenman & Saunders, 2003). The process of coevolution is fundamentally 

linked to uncertainty perception, particularly in the problem and solution 

domains. This is simplified illustrated in Figure 2, which was built by put-

ting together the coevolution concept, problem and solution and also the 

simulation. Their connections were also added since as in Figure 1 it is rele-

vant to know how they interact and relate to each other. 

5. A model of the design process 

In design, information processing and coevolution occur simultaneously and 

impact the designer's perception of the design task and the developed arte-

fact. Thus, to acquire a more comprehensive understanding of the design 

process, the three constructs of uncertainty perception, information pro-

cessing, and coevolution can be integrated to better depict their interdepend-

encies and roles in the design process. It is possible to see in Figure 3 that 

the proposed model is an overlap of the previous figures 1 and 2 with their 

constructs and connections integrated. In this context, it is possible to see 

uncertainty as a common link between the two processes described in Sec-

tions 3 and 4. This section describes the proposed model and discusses the 

implications for research and design practice.  

5.1 The proposed model 
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Figure 3: The proposed model integrating coevolution and information 

processing cycles 

 

In this model, the process starts with uncertainty perception – as in the ex-

ample of the rain water holder artefact. Uncertainty perception can be seen 

as one of the motivations or triggers for the process to start.  

Uncertainty perception refers to the designer's understanding when perceiv-

ing in his/her project something that they feel unsure about, lack knowledge 

on or which raises unexpected questions. In the example of the designer 

building the rain water holder, perception of uncertainty can come from e.g. 

the structure of the artefact, which might make the designer question which 

structural form would hold  

more rain water.  

Uncertainty, problem, and solution are clustered since they are all aspects of 

the designer’s perception and they are all altered over the course of the de-

sign process. The way that they are perceived differs between individuals 

and is influenced by many factors, including gender, age, culture, and per-

sonal background, and is connected intrinsically to the individual With re-

spect to information, two loops can happen: information seeking and 

knowledge exchange.  

The designer can seek information to better understand the problem and 

solution, also trying to reduce his/her uncertainty perception based on multi-
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ple sources as books, internet or even previous experience; and/or they can 

exchange knowledge with their team or colleagues. These loops can happen 

sequentially or in parallel and both provide new information for the designer 

by feeding into the processing stage. 

In the processing stage, the new information (either acquired or exchanged) 

is processed by the designer to see if it will be used or not based on their 

interpretation and prior knowledge. Based on this, the designer’s perception 

of the problem, solution, and overall uncertainty can change. In processing 

new information, the designer can have insights about his/her perceptions as 

well as developing a new point of view or opinion, thus creating a recurring 

loop between processing and the cluster of uncertainty, problem, and solu-

tion perception.  

Finally, with respect to coevolution the simulation loop can be seen as an 

interaction with a prototype, a draft, a drawing, or any attempt to bring ideas 

and insights into reality. This loop can again give the designer new percep-

tions of uncertainty, problem, and solution, by allowing them to explore the 

artefact and generate a different point of view. Again, simulation leads back 

to processing, since its result need to be processed for the designer to know 

if the simulation was satisfactory, if it changes his/her perception of uncer-

tainty, problem or solution or if he needs to be improved. 

The model in context 

The model can be seen as a learning process if in each loop the designer will 

learn and reduce or modify his/her uncertainty though the interaction with 

the external world, the designed artefact, and information that is being 

sought and processed. Thus the model shows the internal world of the de-

signer and the external world interacting through knowledge exchange, in-

formation seeking, and simulation; with these interactions affecting design-

er's internal world. 

The model over time 

The cyclical loops proposed by the model can happen several times until the 

designer finds a suitable solution, reduces his/her uncertainties or decides to 

accept the uncertainty that is within the design/project. The process can start 

at any loop point and can also finish at any loop point, having no specific 

start or finish. 

Further, the loops can happen simultaneously or sequentially, and one loop 

does not exclude the other, as all of them can happen in the cycle or not. In 

the case of the designer and the rain water holder, as they seek information, 

they can also talk to their colleagues about the project, thus doing the infor-

mation seeking and knowledge exchange in parallel.  

It can also happen that the designer does the information seeking and after 

processing the new information acquired decides to do a simulation and not 

share the knowledge, thus not completing the knowledge exchange loop. 
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The model in practice  

In practice the model can be presented as a tool for designers and design 

project managers as it shows in design process and the loops in it. It is possi-

ble to balance the loops and to reduce the uncertainty perception of the de-

signer and also to better understand the process itself helping the designer to 

understand and improve his design tasks. 

 

5.2 Implications for research 

The proposed model, seeks to help improve the understanding of uncertainty 

perception and how it drives fundamental aspects of design work. 

Thus combining information processing and coevolution brings together 

parts of the designer's activities and has previously been mapped separately. 

Thus this model gives a broader vision of the designer's processes and inter-

actions.   

The proposed model also brings together aspects of design and information 

theories that have previously been considered separate via the unifying con-

cept of uncertainty perception.  

This highlights significant potential for further research in the role of uncer-

tainty perception as a driver for design activity and as a possible means for 

creating more cohesive design theory. 

Finally, the model extends both information processing and coevolution 

frameworks to develop a new perspective on design work. This opens the 

possibility for further study of design activity and management based on 

assessment of external uncertainty and its perception within the design team. 

5.3 Implications for design practice 

When linking coevolution and information processing it is possible to better 

support NPD projects, via a unified focus on uncertainty perception. Also, 

by mapping the designer´s interaction, and loops of seeking, exchange, and 

simulation, it is possible to achieve a broader understanding of the designers' 

work, his/her interactions with the external world, and how knowledge is 

created to minimize his/her uncertainty perception.  

This can point to potential management strategies built round supporting 

uncertainty reduction and facilitating all three loops, by balancing them, for 

example if information seeking is more used in the process, balancing it with 

knowledge exchange and simulation could make the process more efficient. 

However, further work is needed in order to offer concrete guidance in this 

context. 

6. Conclusions 
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This paper proposes a model of designing as the intersection and interaction 

of uncertainty perception, coevolution and information processing. The pro-

posed model contributes to design, management, and new product develop-

ment research by linking two aspects of design work through uncertainty 

perception in one model, with the internal world of the designer in the cen-

tre.  

The proposed model thus provides a more complete vision of design work 

by bringing together fundamental process elements previously discussed 

separately.  

Future research is needed to test the model first via qualitative exploration of 

its role in a designer´s real world work, and then quantitatively based on 

derived hypotheses. Further, due to the core role of uncertainty perception 

there is a need for future research on how this perception differs depending 

on the designer´s e.g. background, gender, age, and culture , which were not 

added to the model once it is not known all of the influencing factors and 

their relation to uncertainty. 
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Abstract 

Uncertainty perception plays a key part in innovative product devel-

opment projects since they have high levels of uncertainty. Conse-

quently, understanding the strategies that teams use to deal with un-

certainty can point to key insights for improving project performance. 

Therefore, it is relevant to investigate this area of uncertainty percep-

tion and subsequent activity in product development project teams. In 

spite of the existing literature on product development and uncertain-

ty, gaps remain in mapping the types of perceived uncertainty in dif-

ferent projects and also understanding of the influence of uncertainty 

on individual´s activities. We present evidence from a case study of 

two interconnected projects in a high technology company. The key 

results were the mapping of several uncertainties that are perceived by 

the team members in both projects and the activities triggered by dif-

ferent uncertainty types. Key insights from this study are the intercon-

nections between uncertainties, affecting product development activi-

ties across projects. Despite taking specific counter actions in the first 

project, major uncertainties were still inherited by the subsequent pro-
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ject, significantly impacting the project´s early phases activities. This 

research generates three main contributions in terms of mapping un-

certainties and triggered activities. The first is the existing of multiple 

perceived uncertainties interacting in both project types, which in-

creases the challenges of the projects. The second is the uncertainty 

sets situations, which have a major role in the project in contrast to the 

single uncertainties situations, and has significant impact in the prod-

uct development projects and their performance, echoing also in the 

triggered activities. The third is the triggered activities which are dif-

ferent for single uncertainty types situations and uncertainty sets situa-

tions.  

 

Keywords: uncertainty, uncertainty perception, activity, new product 

development projects 

 

INTRODUCTION 

New product development (NPD) projects are critical for the busi-

nesses success and they can vary in terms of content and nature. Two 

examples are the NPD project that focuses on the development of one 

product (McDermott and O’Connor 2002, Verworn et al. 2008) and 

the Platform based project which focuses on the development of a 

family of products (Robertson and Ulrich 1998, Muffatto and Roveda 

2000, Postema and Obbink 2002). Nevertheless they are all extremely 

uncertain (Tatikonda and Rosenthal 2000b, Hjalmarson et al. 2006, 

Stockstrom and Herstatt 2008). Uncertainty is inherent to the NPD 

processes and it is present all aspects and stages, because of their na-

ture and the unknown tasks outcome (Rode et al. 1999, Stockstrom 

and Herstatt 2008, Huang et al. 2015a). 

Uncertainty can have many definitions, but for this paper uncertainty 

is defined as a “potential deficiency in any phase or activity of the 

process which can be characterized as not definite, not known or not 

reliable” (Kreye et al. 2011) and is perceived within the project as 

well as in relation to the project´s environment (Huang et al. 2015a). 

There is a wide range of uncertainty types which can be attribute to 

complexity, to the unknown outcome of the task and it can be related 

to the internal or to the external world of the individual being connect-

ed to Technology, Schedule, Environment, among others (Liberatore 

2002, Ragatz et al. 2002, Weck et al. 2007), which can be perceived 

differently and affect projects outcome. 
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Individuals in the product development team react to the uncertainty 

by carrying out different actions aiming to reduce or control their un-

certainties in the NPD process, such as information seeking, 

knowledge sharing and simulation (Hult et al. 2004, Stockstrom and 

Herstatt 2008). In the NPD process there is a wide range of activities 

that individuals can engage in NPD to progress the process (Bessant 

and Francis 1997), each of these are driven by how people experience 

uncertainty in this various ways. It is possible to highlight for example 

the decision making process, individually or in a team. In the case of 

decision making in a team, there is also greater scope for uncertainty, 

since personality and cognitive style can influence it (Dewberry et al. 

2013). Another example is when people deal with information, by 

seeking it or sharing it, which can be related to the project perfor-

mance (Daft and Lengel 1986, Hult et al. 2004, Stockstrom and 

Herstatt 2008). 

However, the relationship of how the uncertainty is perceived and the 

activity is executed and the overall project performance is little under-

stood. How the individual and the team involved in the project deal 

with uncertainty perception can improve or not the performance of the 

project, therefore the individual's action and reaction during the 

NPD´s processes are essential for its success (Kim and Wilemon 

2002). Consequently, understanding the strategies that teams use to 

deal with uncertainty can point to key insights for improving project 

performance, since the perceived uncertainty can negatively affect it 

by making activities more challenging (Song and Montoya-Weiss 

2001, Zhang and Doll 2001). In spite of the existing literature on un-

certainty, uncertainty perception and product development, the gap 

remains in understanding the influence of uncertainty perception type 

on individual´s activities, and its effect, directly or indirectly, on pro-

ject´s performance considering the complexity of the project (Sicotte 

and Bourgault 2008, Olausson and Berggren 2010). Therefore, it is 

relevant to investigate this area of uncertainty perception and subse-

quent activity in product development project teams.  

As such, this research addresses this gap by exploring the uncertainty 

types the project members perceive and how they act in response to 

this and aims to answer: which are the uncertainty types the project 

development team perceives in the project and how these different 

types influence the activities that are triggered when dealing with the 

uncertainties? In order to answer this research question we adopted a 

case study where we interviewed 23 individuals in two projects, where 
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the first focus on the creation of possibilities and explore insights from 

customers and from the involved team. The second type is the NPD 

project, where the project has a specific product to develop. The NPD 

project followed the first project. This research generates three main 

contributions in terms of mapping uncertainties and triggered activi-

ties. The first is the existing of multiple perceived uncertainties inter-

acting in both project types, which increases the challenges of the pro-

jects. The second is the uncertainty sets situations, which have a major 

role in the project in contrast to the single uncertainties situations, and 

has significant impact in the product development projects and their 

performance, echoing also in the triggered activities. The third is the 

triggered activities which are different for single uncertainty type situ-

ations and uncertainty sets situations. This project is structured as fol-

lows: the literature on product development projects, uncertainty per-

ception on NPD projects and activity selection on uncertainty percep-

tion. The next section is the research design with the methodological 

approach, followed by the findings, discussion and conclusions. It 

closes with the limitations and outlooks. 

 

LITERATURE REVIEW 

Uncertainty is present in several types of projects and for this research 

we focused at it in respect to New Product Developed projects and 

Platform based projects. New product development projects can be 

seen as one of the most important parts of a business (Stockstrom and 

Herstatt 2008), are risky, uncertain of its success, require resources, 

research for development and structure (Huang et al. 2015a) and are 

focused on the development of a specific product. Platform based pro-

jects are known for degreasing the cost of production and increasing 

the product quality by focusing on the creation of a diversity with less 

technical diversity for a specific domain (Postema and Obbink 2002).  

Uncertainty plays a key role in both projects types since they both deal 

with innovation and have a complex nature, but in each of them dif-

ferent uncertainty types can be perceived by the teams, triggering ac-

tivities that can be crucial for the projects performances. Uncertainty 

perception in NPD projects and in Platform based projects affects ac-

tivities like information seeking, knowledge sharing, simulation, test-

ing and planning (Daft and Lengel 1986, Koufteros et al. 2002, 2005, 

Postema and Obbink 2002, Hult et al. 2004, Stockstrom and Herstatt 

2008).  
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Product development projects  

An extensive range of projects can be established in order to develop a 

new product. For this paper we will explore two different types of 

projects: the NPD project and the Platform based projects. These types 

were chosen since in all of them uncertainty is intrinsic to their nature 

and in all the steps of all projects, it is possible to find uncertainties 

from the project itself and also from outside it (Huang et al. 2015a). 

The new product development projects are as its name state, charac-

terized by the development of a new product; it can be due to radical 

or implemental innovation (McDermott and O’Connor 2002, Verworn 

et al. 2008). In the new product development project different process 

can be used to actually develop the product and also to help reduce the 

uncertainties inherit in the project´s nature. One example is the "stage 

gate" process, which has five steps: the identification of the opportuni-

ty, the idea generation, screening and evaluation of the idea, the de-

sign, development and testing, and the launch of the product (Cooper 

1990, 2008b).  

On the Platform base project focus on the development of a platform 

that will generate a family of product and are known for degreasing 

the cost of production and increasing the product quality by focusing 

on the creation of a diversity with less technical diversity for a specific 

domain (Robertson and Ulrich 1998, Muffatto and Roveda 2000, 

Postema and Obbink 2002).  The process for this project have four 

steps, being conception, definition, deployment and evolution 

(Postema and Obbink 2002).  

Similarly, in both projects, in all the steps uncertainty is perceived and 

it can suffer influence from the complexity of the project itself but 

also from the product that it is being developed (Kim and Wilemon 

2003). On the other hand the projects’ types differ in their focus. The 

NPD project is focused on the development of one specific product 

while the Platform based product is focused on the development of a 

family of products, and in practice each of them have their own chal-

lenges. In the NPD project the challenges faced by the development 

team can be related to the use and development of unproven technolo-

gy, the need to remain competitive in the market, insufficient infor-

mation (Tatikonda and Rosenthal 2000a, 2000b, Kim and Wilemon 

2003, Huang et al. 2015a), besides all these challenges, the Platform 

based product as focused on the development of a family of product, 

still have the challenge to develop more than one product. 
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For companies implementing product development project, 

knowledge acquisition and learning processes are relevant for an or-

ganization once this knowledge helps the improvement of the next 

projects development (Bessant and Francis 1997). Learning with pre-

vious projects is crucial and it is possible that some challenges from 

the NPD project can come from their early phases or even from the 

previous projects, and these can be the Platform based projects, among 

others. For that reason it is important to understand how their per-

ceived uncertainties and activities can influence the subsequent NPD 

project. Therefore there is a need to understand the perceived uncer-

tainties in these projects and how they affect the projects’ activities 

 

Uncertainty perception in NPD projects  

Uncertainty is a wide-ranging theme, which has brought interest from 

researchers being explored by several frameworks, by for example in 

engineering (Muhanna et al. 2007), in design (Blacud et al. 2009), in 

psychology (Tversky and Kahneman 1974, Cosmides and Tooby 

1996), among others. Uncertainty literature in general has been de-

scribed in terms sources (Liberatore 2002, Ragatz et al. 2002, Weck et 

al. 2007, Ullman 2009), dimensions (Walker et al. 2003), layers 

(Kreye et al. 2012b) and levels (Walker et al. 2003) . Given this diver-

sity of terminology in the literature we adopted the general under-

standing that uncertainty is defined as a “potential deficiency in any 

phase or activity of the process which can be characterized as not def-

inite, not known or not reliable” (Kreye et al. 2012b). 

In spite all the characterization, uncertainty is still a mysterious varia-

ble (Sicotte and Bourgault 2008) with a crucial importance for pro-

jects, however, people only act on perception, therefore for this paper, 

the uncertainty is only relevant when perceived by an individual in a 

development project and it triggers an activity aiming to deal, solve or 

better understand it. Perceived uncertainty is the project development 

when an individual is not able to fully understand some aspect of the 

project or the product being developed (Milliken 1987, Song and 

Montoya-Weiss 2001). 

There is a wide range of uncertainty types that can be perceived by an 

individual in a product development team. The major types can be 

clustered into four cluster groups: product development, technology 

development, project, data, environmental and market. 

The product development cluster is related to perceived uncertainties 

in product, design, requirements, parameters, and quality. These un-
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certainties are related to the actual product development and can be 

perceived by individuals from several departments involved in the 

project´s team, especially on the early phases of the project (Akerlof 

1970, Milanovic and Hiskens 1998, Lee 2003, Blacud et al. 2009, Liu 

et al. 2011). This uncertainty is also related to the product develop-

ment but it can be crucial when dealing with innovative technological 

products, as is related to the new technology development and tech-

nical development activities, therefore being more perceived by indi-

viduals in the technical part of the development team (Milliken 1987, 

Fox et al. 1998, Song and Montoya-Weiss 2001). 

The project cluster is related to the perceived uncertainties in the pro-

cesses, schedule, roles and budged of the project. They can be per-

ceived by individuals when any of the project´s process, as engineer-

ing for example, are new or evolving, which can affect the hierarchy, 

finance and the speed to market  (Boynton et al. 1993, Fox et al. 1998, 

Liberatore 2002). 

Data uncertainty cluster is related to information and communication. 

It can be related to data incompleteness or inaccuracy and to the 

communication in the project team, which can affect the project´s 

flow once communication is not align (Souder and Moenaert 1992, 

Kreye et al. 2011). 

The last two clusters are related to uncertainties outside the company’s 

scope, which is environmental and market uncertainty. Environmental 

perceived uncertainty is connected to supplier, and market uncertainty 

is associated to consumer, culture and competition, both clusters can 

be perceived more by managers when they do not fully understand the 

nature or the changes of those (Milliken 1987, Parlar and Perry 1996, 

Fox et al. 1998, Souder et al. 1998, Beckman et al. 2004) 

The uncertainty perception can also be influenced by the complexity 

of the product being developed or the project and more than one un-

certainty can be perceived together or be connected (Tatikonda and 

Rosenthal 2000b, Sicotte and Bourgault 2008, Olausson and Berggren 

2010). Current literature focus on specific types of uncertainties like 

technology and market, for example, and in a few studies several un-

certainties are treated connected or together, which highlights the im-

portance of a broader understanding of the multiple uncertainties 

faced by the development team and how each type or source of uncer-

tainty perceived by the individual can trigger different activities in the 

project, influencing its success (Sicotte and Bourgault 2008, Olausson 

and Berggren 2010) . Overall, uncertainty perception is crucial for the 
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development of new products once it triggers activities that will influ-

ence the projects performance (Salomo, Weise, Gemünden, et al. 

2007). 

 

Activity selection based on uncertainty perception  

To deal with uncertainties, the individual in the project team engages 

in activities. Activities can be described as being an object oriented 

system (Bedny and Karwowski 2004).This activity can be related to 

information seeking, knowledge sharing, representation or simulation, 

among others. The activities types can be clustered into three clusters: 

information, product and project. 

Information seeking and knowledge sharing activities are both related 

to the cluster of information. The first is seeking information in 

sources like files, books, internet, documents, journals, among others, 

on this type of activity the individual interacts only with non-human 

sources (Daft and Lengel 1986, Robertson and Ulrich 1998, Muffatto 

and Roveda 2000, Stockstrom and Herstatt 2008, Huang et al. 2015a). 

The second activity from this cluster is associated to acquire or share 

knowledge with others from the same or different departments in the 

company or even from suppliers or customers, as example meetings 

and trainings (Daft and Lengel 1986, Hult et al. 2004, Stockstrom and 

Herstatt 2008).  

Representation and simulation are related to the product cluster. The 

first is representing the concept like prototyping or doing a mock-up, 

the second is simulating how it would work. They are both is de-

scribed in product development as a practice by which the individual 

brings certain elements to life, in order to be able to evaluate its value 

in relation to the goal. With simulation, the individual can bring to 

reality his/her ideas and see their interactions and connections, which 

allows him/her to have a better understanding of it and help dealing 

with the perceived uncertainty (Poon and Maher, 1997; Dorst and 

Cross, 2001).   

Activities related to the process itself are the ones related to the pro-

ject cluster, as for example contingency planning. The uncertainty 

perception can be a wonder for the project´s strategic planning made 

on the early phase or even before the project started and to deal with it 

managers can develop a contingency plan (Milliken, 1987 ; De Meyer, 

Loch & Pich, 2002) . 

The activity outcome is processed by the individual and it can result 

into a new uncertainty and a new activity or set of activities, or the 
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individual can be satisfied by the outcome of the activity in relation to 

the initial uncertainty. It is possible that different perceived uncertain-

ties can trigger a different type of activity or even a set of activities 

sequence until the individual or the team is satisfied with its outcome. 

The activity can also be connected to the individual expertise or de-

partment in the project team and the activity selection is determinant 

in the product development outcome (Song & Montoya-Weiss, 1998). 

 

Conceptual framework  

A conceptual framework was build based on the uncertainty types and 

clusters already mentioned. The definition used for the uncertainties 

was based on  (Kreye et al. 2012b): “potential deficiency in any phase 

or activity of the process which can be characterized as not definite, 

not known or not reliable”, and it is summarized in Table 1. 

 

 

Table 1: Mapping of the uncertainty types in projects 

Product  & Technology development cluster 

Uncertainty Type Uncertainty Definition associat-

ed to the data 

Related Refer-

ence 

Product When the product or its charac-

teristics are not known /clear / 

certain 

Lee (2003) 

Design When the design of the product 

or any of its part is not 

known/clear/certain 

Blacud et 

al.(2009) 

 

Requirements When the requirements for the 

product is not known/ clear/ 

certain 

Liu et al. 

(2011) 

Parameters When the parameters for the 

product is not known/ 

clear/certain 

Milanovi & 

Hiskens (1998) 

 

Quality When the quality of the product 

or any of its parts is not /certain; 

can also be related to the quality 

of the tests and simulations 

Akerlof (1970) 

Technology When the technology is not 

known/reliable/exist/tested 

Song & Mon-

toya-Weiss 

(2001) 
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Project cluster 

Uncertainty Type Uncertainty Definition linked to 

the data 

Related Refer-

ence 

Process When the project´s processes 

are not known/clear/define  

Gupta & 

Brennan 

(1995) 

Schedule When the schedule is not 

clear/feasible 

Liberatore 

(2002) 

Roles When the individuals roles are 

not known/clear/ define 

Boyton et al. 

(1993) 

Budget When finance or financial status 

is not known/defined 

Yang (2005) 

Data cluster 

Uncertainty Type Uncertainty Definition linked to 

the data 

Related Refer-

ence 

Information When the information for the 

project /product development is 

not known/ clear/ reliable  

Kreye et al. 

(2012) 

 

Communication When communication between 

individuals in the project team 

is not clear/open 

Boholm (2016) 

Environmental & Market cluster 

Uncertainty Type Uncertainty Definition linked to 

the data 

Related Refer-

ence 

Supplier When the supplier or its rela-

tionship is not reliable/ trustable 

Parlar & Perry 

(1996) 

Consumer When the consumer is not 

known/ defined 

Fox et al. 

(1998) ; June et 

al. (2004) 

Competition When competition is not de-

fined / known  

June et al 

(2004) 

Culture When culture is not known/  Milliken 

(1987) 

 

It is possible that several uncertainties that can be perceived by an 

individual in a product development team, but other uncertainties were 

not considered for this research. This framework was used as a base 

for the data analysis.  
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In this framework the activities already mentioned were also included 

was basis for the analysis, as being the clusters: activities related to 

information, as information seeking and knowledge sharing; activities 

related to the product as representation and simulation; and activities 

related to the project as contingency planning. 

 

RESEARCH DESIGN 

To understand the perceived uncertainties of individuals in the project 

teams and their influence on the activities, a case study with two inter-

connected projects was performed. We were aiming to see different 

types of uncertainties and how they different influence the activities in 

two contexts therefore we are using in-depth case with a projects 

comparison (Eisenhardt & Graebner, 2007). The projects comparison 

enables a broader exploration of the research´s objective and also cre-

ates more robust theory, since it is grounded in diverse empirical evi-

dence. 

The case study was based in a high technology sector company deal-

ing with consumer electronic products. A qualitative approach was 

used with semi-structured in-depth face-to-face interviews with indi-

viduals from two projects’ team. Project 1 was a Platform based pro-

ject that had as a characteristic only the early phases, the core team 

had 15 people and 8 were interviewed. Project 2 was a New Product 

Development project that developed one of the possibilities explored 

on the Project 1 and had a core team of 30 people, where 20 were in-

terviewed. Follow up interviews were made to achieve data saturation. 

On the interviews the individuals were asked about the uncertainties 

encountered in the projects and their response to it, asking for exam-

ples of the activities taken to mitigate those uncertainties. The inter-

views were about 30 minutes each, individual, confidential, and aimed 

at mapping the different uncertainties across the projects and map the 

activities. 

This approach  is related to prior works in R&D journal 

(Schneckenberg et al. 2016), where similar works exploring uncertain-

ty used a similar design and as we are still on the stage of exploring, 

this approach is the appropriate. 

In addition to the interviews, secondary data was gathered from field 

notes of the researcher being in the company for 4 months, together 

with the analysis of formal documentation on process structure and 

activities in the company as projects reports. 
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The interviews were recorder, transcribed using Atlas ti. Software, we 

them applied grounded analysis in order to identify the uncertainty 

types (Yin, 2004) and after they were contrasted with literature in or-

der to organize the final framework. In order to final access data valid-

ity and reliability the results were presented back to the company 

where they also agree with the interpretations and results. 

 

FINDINGS 

For a better understanding of the analysis, the projects were analysed 

together. The overall map of the perceived uncertainties is presented 

on the first section followed by the overall map of the activities. 

 

Case context 

The case focused on two product development projects. The first pro-

ject was a NPD project aiming on developing a high technology con-

sumer product and the second project was a Platform based project 

which aimed at developing a family of high technology consumer 

products based on a platform base. 

 

 

 

Uncertainty perception 

A major finding was the overall mapping of the uncertainties, which 

made possible to visualize the wide range of uncertainty types that 

were perceived in both projects by individuals in the development 

team. This map demonstrates how the innovative product develop-

ment projects´ reality is extremely uncertain, complex, and challeng-

ing for the development team to deal with all those different perceived 

uncertainty types in a satisfactory way for the project. The individual 

can perceive uncertainties related to his own expertise but also related 

to other factors as environmental uncertainties and market uncertain-

ties are inherit in these projects. 

The key findings were that for Project 1 the mapping of the perceived 

uncertainties were related to product, technology, process, schedule, 

information, communication, consumer, roles and finance and for Pro-

ject 2 the overall mapping of the perceived uncertainties were related 

to all the uncertainties presented on Table 1. Since the projects are 

related to technology development and innovation, the quotes were 

anonymized as they mention key features of the product. 
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In Project 1, as the nature of the project was a platform based but only 

with the early phases, the communication uncertainties echoed on the 

product development as it can be illustrated on the quote: “yeah it 

should be doing this and that but how it should look like, what should 

the variants must be…oh no one know because hey guys come up with 

your suggestions and discuss with your counter partner on the other 

side of the wall doing some other stuff, how can your feature, how can 

your functionality combine with what the other guys are doing or what 

are the boundaries around you and what you are doing .So, say what 

you do, what kind of requirements does that put to other, we may team 

to do a product....” (Manager, project 1). The communication between 

the departments is crucial in a project and this difficulty in communi-

cation can have negative effects since what one department does can 

directly affects another department, making the project development 

more complex and stressful for the individuals in the team. The diffi-

culties of alignment and communication from the beginning of the 

project affected the whole project development and also its result in 

overall by leaving individuals from the team with a feeling that they 

did not completely fulfilled the projects potential, since the communi-

cation uncertainties affected the flow of the project by making the 

team spend more time in tasks and aligning communication late in the 

process. The perceived uncertainties in this project made it more com-

plex and difficulty to mature the technologies that were being re-

searched by the team, making the project advanced for some depart-

ments that were able to better deal with them, but not enough for other 

departments that needed more time, resources and better communica-

tion to deal with them. It also made the team leave incomplete tasks 

when the project finished, giving a frustration feeling, and making 

Project 2 inherit uncertainties that could have been dealt in a satisfac-

tory way by the team.  

In Project 2 the majority of the uncertainties were related to the prod-

uct and to technology. When developing the product, the features were 

a key concern of the team and it involved both, the product uncertain-

ty as being related to the product´s characteristics and also the tech-

nology since it was a technology innovation product. This can be illus-

trated by a quote by an engineer in project 2: “we have been lacking a 

little bit the foundation to really understand from the very beginning if 

we, you know, will the [key feature] survive, or will we have enough 

[key feature] power, will we have.. you know whatever, what will the 

[feature characteristic] levels be, will it be enough if we have this 
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much, you know, we really didn´t know for sure, for course we did 

have some references on some of the parameters…” (engineer, project 

2). This uncertainty was inherited from the previous project and it 

affected the project schedule, once the individuals has to take time to 

better understand, study and test the features, and the technology un-

certainty had an impact on the team’s confidence into developing the 

product, since they could not affirm that the features would be able to 

be developed in the schedule of the project. This uncertainty also af-

fected the departments involved in the project, as more than one de-

partment can be affected by a specific feature, and one feature can 

affect the other, which made the departments better align their com-

munication and work closely to each other. 

This uncertainty also had an impacted on the development of the 

products parts, as they ended up being out of synchronization: “…we 

have 3 different units, actually, the [key feature], left and right parts, 

and they are not synchronized at this point, regarding alfa and proto-

typing and so one. The [key feature] we haven’t had a prototype one 

yet, even though we have alfa 2 on the left and alfa 1 on the right so, 

they are in different stages and all we don’t have a combined unit at 

this point...” (User experience designer, project 2). This quote shows 

that the team had to deal with the uncertainty affected the product that 

was not being developed as a whole but as separated parts and that 

these parts may not work with each other, which affected not only the 

schedule of the product development but also the confidence of the 

team in finishing the project on time. The technology and product un-

certainties had impact through the whole development team in differ-

ent departments driving a lack of confidence in the project´s result, 

which made individuals to feel frustrated with the development and 

the product, feeling that they could have done more features and in a 

better way. Also, it result into a schedule tightness, once that for deal-

ing with these uncertainties, several activities were triggered and they 

took a longer time than expected, together with communication issues 

that resulted in delay in the project and the product launch. 

Contrasting both projects it’s possible to recognize that individuals in 

the projects´ team perceive several types of uncertainties in the project 

development, which can make their activities more complex and chal-

lenging. Project 1 perceived less uncertainty types that Project 2 relat-

ed to the product, which can be due to the nature of the project, once 

Project 1 only had the early phases of the Platform based project. Alt-

hough being different project types, with different focus and results, 
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they share similar types of perceived uncertainties. This can be due to 

the fact that both are related to the development of technological 

products and as being in the same company, the team can perceive 

similar uncertainties even being in different projects’ types. Further-

more, even though Project 2 followed Project 1 the several uncertain-

ties from the same type were perceived in both projects, even if being 

related to specific things to the project itself. This could have been 

influenced by the activities that were triggered by the uncertainties 

that drove new uncertainties from the same cluster or from different 

clusters or even those uncertainties that were not dealt with satisfac-

tion by the individuals can be inherited by the next project. This 

shows the importance of the individuals dealing with the perceived 

uncertainty until they are satisfied with the outcome, so they do not 

have a domino effect later in the project or even on a next project, 

especially when the first project is a Platform based project that will 

develop a family of products where all of them can be affected by 

these uncertainties. 

An additional key finding was the uncertainties sets, which happen 

when more than one uncertainty is perceived together by the individu-

al. A wide range of uncertainties sets can be perceived in a same clus-

ter or between clusters. Uncertainties sets were perceived in both pro-

jects in challenging situations, when the individual feel lost and out of 

focus. A quote by a manager from Project 1 illustrate this situation: 

“…what was…should the focus be in the project, the scope, focusing 

on what...uncertainty around the method, if it was actually something 

that ended up in anything doable, what were the work that we were 

doing, were there customer for it…uncertainty around who we had on 

board, what the roles were in the project....” (Manager, project 1). 

These uncertainties were perceived in the beginning of the project and 

influenced the whole project´s flow, since in the beginning of the pro-

ject the focus was not clear for the individuals, the team had a feeling 

of confusion throughout the project. This difficulty into understanding 

and making the project focus clear led to communication uncertain-

ties, lack of alignment and frustration. This uncertainty set illustrated 

by the quote is basically the parts of the description of the project and 

its basic characteristics as: focus, method, costumer and roles, and 

being perceived together it shows that the project basics are not well 

established and understood by the team or managers. This affected the 

team´s work, communication, collaboration between departments and 

its overall result, once the individuals could not see the final objective 
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of the project or their roles in it. The projects´ nature were significant 

for the uncertainties sets to be perceived by individuals, once they are 

both projects dealing with development of innovative products it is 

expected to have uncertainties perceived by the team in routine activi-

ties as single uncertainties.  

Single uncertainties can affect the product or the project by making it 

more challenging for the individuals in the team and can even have a 

domino effect later in the project, which makes them key to deal with, 

but the uncertainties sets are a “make or break” situation, which makes 

them vital to deal for the project´s survival. They escalate once they 

are perceived, by making the individual feel discourage, frustrated, 

lost in the project and can lack the motivation for the project devel-

opment, which can influence a project´s failure, once the project is not 

well understood by the team, developing and achieving its result be-

comes truly challenging. This shows the importance of dealing as 

soon as the sets are perceived especially if they are related to basic 

aspects of the project and by dealing early with them it is possible to 

mitigate their “make or break” effect into the individuals and the pro-

ject. Dealing with them early and in a satisfying manner can also 

make the individuals develop and improve new skills, gather more 

information and be more active in the project development, making 

the project stronger and the individuals more driven into make the 

project a success once they understand the project´s outcome and 

know clearly their role in it. 

 

Activity selection based on uncertainty perception 

The data and the analysis made possible to see that for each uncertain-

ty type or cluster a different activity or activities sets were triggered 

by the individual. These activities can be related to three key aspects: 

information, product and project. The activities related to information 

can be characterized as information seeking and knowledge sharing, 

the ones that can be related to the product are representation, testing, 

and the last ones are associated to the project as for example contin-

gency planning. The mapped activities from both projects are synthe-

sized in Table 2 with the uncertainty types and clusters. It is relevant 

to notice that there are uncertainties types that were not mapped in 

both projects, therefore there are no activities mapped for them. 
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Table 2: Mapping of triggered activities related to the perceived un-

certainties 

Uncertainty 

Type 

Platform based project 

activities 

New product develop-

ment project activities 

Product Qualitative and quanti-

tative research of op-

portunities from differ-

ent customers seg-

ments; studying the 

features; reading; 

searching; 

Build the simplified 

model, simulate; answer-

ing to a lot of questions; 

verify the concept; tests; 

user  interaction , ask  

question; sent to the sec-

ond review; presented in 

a meeting  to stakehold-

ers;  

Design Not applied / mapped 

in this project 

Different iterations of 

the design and modify-

ing it; to conduct work-

shops; to simplify as 

much as possible in the 

images; 

Requirements Not applied / mapped 

in this project 

Check own earlier prod-

ucts, what’s on the mar-

ket, what have was done 

earlier, what challenges 

did have earlier; 

Parameters Not applied / mapped 

in this project 

Prototype; research 

Quality Not applied / mapped 

in this project 

Simulations 

Technology Feasibility studies Simulations; present it to 

project leader, team and 

manager; verified and 

check;; testing 

Process To move targets; 

prompting, measuring,  

talking, listening; 

Feedback; 

Schedule Book further in the 

calendar  

Violating the means of 

the process model; con-

tingency planning 

Information Context mapping; Review meeting; bring-
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street interviews, idea-

tion and concepting ; 

evaluation :gather the 

data in house; quantita-

tive insights, online 

surveys 

ing some stakeholders 

from different depart-

ments; waiting for in-

formation; 

Communication Talk to people to make 

sure the communica-

tion lines are open; 

Check with other de-

partments; research with 

people from other de-

partments; talking with 

the people on a daily 

basis 

Consumer User case looking at 

the end user; personas 

build; studying the 

market  

Use of information from 

Project 1 

Culture Not applied / mapped 

in this project 

Regional launching 

Competition Not applied / mapped 

in this project 

Check competitors’ 

products; 

Supplier Not applied / mapped 

in this project 

Trying to fix it, and 

sharing information with 

the company; email and 

visiting ; cooperation 

together with the suppli-

er 

Roles Discussions; meetings  Discussions; meetings 

Budget Waiting for the project 

to finish 

Phase shift  

 

Analyzing the results, it is possible to see that the activities triggered 

by the perceived uncertainties in Project 1 were more related to infor-

mation like information seeking as research, studying, reading and 

feasibility studies, also related to knowledge sharing as meetings and 

discussions. This can be related to the specific nature of the project 

and the aim of it, since it was focused only on the early phases of the 

Platform building project, which is linked with research possibilities. 

On Project 2, the activities triggered by the perceived uncertainties are 

more related to the product, like simulation and testing, which can 
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also be connected to the project´s nature and objective which as an 

NPD aiming to launch an innovative product. 

The mapping made it possible to see that many departments deal with 

the same uncertainty type but have different focus areas, therefore the 

activities have different objectives. It is interesting to notice how the 

same uncertainty type can trigger different activities and different ac-

tivity types, which makes impossible to have a recipe for dealing with 

each uncertainty type with a specific activity. One example of this 

case is when dealing with product uncertainty in project 2, the activi-

ties are related to the product itself as representation and simulation 

but also related to information as knowledge sharing. This demon-

strates show activities related to different aspects can be complimen-

tary to each other in order for the individual to deal with the perceived 

uncertainty. It is relevant to consider that the activities can be influ-

enced by the individual expertise and department as well as by other 

perceived uncertainties that were not mapped and also by several other 

variables that were not considered in this research. 

By contrasting the projects, it is possible to notice two trends: the first 

is the different activities types, which can be seen when also focusing 

on the product uncertainty, on Project 1 the activities are related to 

information as information seeking, exemplified by the qualitative and 

quantitative research and reading, and in Project 2 there is this mix of 

activities related to information and related to the product. This can be 

due to the nature of the projects, since project 1 has as objective to 

have platform base products, it is on its nature to be more related to 

research, on the other hand, project 2 is a NPD project, being focused 

on developing the product, therefore it is expected to have more ac-

tivities related to the product as simulation, testing and representation 

than in project 1.  The second is the same activities types, focusing on 

the perceived uncertainty related to roles in the projects, it is possible 

to see that they were dealt with the same activities types in both pro-

jects, showing that in spite having a specific roles and designations in 

the project, individuals still do not have confidence in the role assign-

ment and definition. This demonstrates how it is not possible to affirm 

that a specific uncertainty will trigger only a specific activity type in 

the project. 

When focusing on the perceived uncertainty sets, in Project 2, there 

was a set of design and roles uncertainty, that can be illustrated by this 

quote: This product uncertainty drove a role uncertainty in the project 

“the [key feature] was pretty difficult to close in way because we had 
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to figure out who was in charge of for all that thing and take decision 

and so on, so that was a big talk about, or debate about the whole 

design of the [key feature] as some departments had opinions, and it 

was not easy to close that one.” (User experience designer, project 2). 

In this case, a design uncertainty that when perceived by itself in pro-

ject 2 was dealt with representation, but when it is perceived as a set 

together with roles uncertainty is dealt with meetings and discussions, 

shifting the activity type from product to information. This specific 

uncertainty set and triggered activities set  were vital to the project and 

influenced in the project scheduling causing a delay on the final prod-

uct delivery. Also, it generated a discussion in the project team on 

roles and decision making when a feature can have influence on sev-

eral different departments, causing difficulties in alignment. This illus-

trates that an uncertainty set can have a different activity type trig-

gered than when the uncertainty is perceived by itself, and the activi-

ties triggered by the set can have key importance in the project once 

they can mitigate the effect of the set or not, bringing more challenges 

to the project. 

The overall activities mapping made possible to see that even though 

activities were triggered by the perceived uncertainties in project 1, 

and these uncertainties were dealt by the individuals, the same uncer-

tainty types came back in project 2, minding that project 2 followed 

project 1.  It is possible that as being projects with different nature, the 

uncertainties came back with a different sphere of the uncertainty, and 

were in different departments, but also these uncertainties were inher-

ited by project 2, showing that even when an individual deals with the 

perceived uncertainty in a manner that he can find satisfactory, this 

uncertainty can still be perceived by the same individual or by a dif-

ferent individual in the project team or across projects. 

 

DISCUSSION AND CONCLUSIONS 

This research generates three main contributions in terms of mapping 

uncertainties and triggered activities. The first is the existence of mul-

tiple perceived uncertainties interacting in both project types and their 

impact on activities. The second is the uncertainty sets situations, 

which have a major role in the project in contrast to the single uncer-

tainties situations, and has significant impact in the product develop-

ment projects and their performance, echoing also in the triggered 

activities. The third is the triggered activities which are different for 

single uncertainty type situations and uncertainty sets situations.  
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Analyzing the results, it is interesting to see that in spite most litera-

ture focus on one type of uncertainty, in this study the individual per-

ceived several types in both projects occurring during the whole pro-

ject. This result agrees with the literature by showing the uncertainties 

perceived within the project (Robertson and Ulrich 1998, Muffatto 

and Roveda 2000, Stockstrom and Herstatt 2008) and also from out-

side it, as environmental uncertainty (Parlar and Perry 1996, Beckman 

et al. 2004, Kreye et al. 2011, Huang et al. 2015a). These uncertainty 

types can be affect the product development and the project´s flow, by 

making it more challenging for the individuals. These results contrib-

utes to the literature by showing a broader view of the multiple per-

ceived uncertainties that are perceived by the individuals in the devel-

opment teams and how they can influence the project performance, 

also by demonstrating how the several uncertainties enhance the chal-

lenges in the project when perceived single, but they can also be per-

ceived in sets. To practice, it demonstrates that managers should be 

aware that the uncertainties perceived by individuals in one project 

team and the level of success in dealing with them can be reflected not 

only in the current project performance but also in the following pro-

jects. 

Uncertainties have been previously seem in literature  as sets of two, 

as for example market and technology, market and customer, market 

and competitors (Fox et al. 1998, Olausson and Berggren 2010, Huang 

et al. 2015a). However, it was possible to see that these sets are more 

complex and can have multiple uncertainties combinations in a situa-

tion, associated with new product development and high technology 

companies (Sicotte and Bourgault 2008, Olausson and Berggren 2010, 

Huang et al. 2015a).These sets are different from a single uncertainty. 

Single uncertainties can have major effects in the project, but the un-

certainty sets are “make or break” situations in the project, being vital 

to be perceived early in the project and be dealt satisfactorily. They 

affect the individual´s confidence in the project development by mak-

ing they feel frustrated and lost. It also affects the projects perfor-

mance since the uncertainty set drives a paralyzing situation in the 

project requiring extra meetings and discussions to be dealt with and 

involved several departments and managers (Olausson and Berggren 

2010). These sets still affected the triggered activities once they were 

shift from being more practical activities as simulations for being 

more information activities as for  meetings, discussions and decision 

making in the team, which increase the uncertainty once each individ-
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ual perceive uncertainty differently (Daft and Lengel 1986, Hult et al. 

2004, Sicotte and Bourgault 2008, Stockstrom and Herstatt 2008, 

Olausson and Berggren 2010, Dewberry et al. 2013).These results 

contributes to the literature by showing that the uncertainty sets incor-

porate several uncertainty types and can have a wide range of combi-

nations with numerous uncertainties interacting in critical situations. 

For practice, it shows to managers that when an uncertainty set is per-

ceived by an individual in the development team, it demonstrates a 

critical situation in the project and major actions should be taken in 

order to strengthen the project´s focus and secure its performance.  

Previously literature have described uncertainty and activity in a one 

to one relationship where, for example technological uncertainty trig-

gers development activities (Song and Montoya-Weiss 2001), howev-

er the results show that this relationship is varied  and it varies in 

terms of where its occurring in the project and also in terms of the 

others uncertainties involved in that moment. Activities related to in-

formation, product and project were triggered to deal with the per-

ceived uncertainties by acquiring, sharing, simulating and testing the 

knowledge (Daft and Lengel 1986, Hult et al. 2004, Stockstrom and 

Herstatt 2008). The results made possible to see two trends: the first is 

the different activities types triggered by the same uncertainty type 

across projects, particularly when focusing on product uncertainty that 

was inherited over time in the first instance it triggers activities related 

to information and then a different activity type, related to product, on 

the second round. On the other hand the second is the same activities 

type triggered by the same uncertainty type across project, as for ex-

ample roles uncertainty triggered information related activities in both 

projects. These results contribute to the literature by showing how the 

uncertainty and activity relationship is varied and is related to other 

variables in the project. For practice, it shows that the companies can 

not focus on a certain strategy when perceiving an uncertainty, they 

have to consider other factors as for example where it is the process.  

 

LIMITATIONS AND OUTLOOK 

This research was qualitative based and has the intrinsic limitations of 

the chosen method and similarly by the project types that were re-

searched. It is also limited by having a retrospective approach. It is 

interesting to notice that it is possible that the uncertainties can trigger 

different activities depending to when in the project they are per-

ceived. This research focused on the Platform base project, as not hav-
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ing specific phases and the early phases of the NPD project, since they 

are the ones with most perceived uncertainties. Additional limitation is 

that activities are impacted by a range of different uncertainty types 

and other variables, which makes it is not possible to map all of them 

in the research. 

Uncertainty is still a mysterious variable (Sicotte and Bourgault 2008) 

and future studies suggestions would include the study on the uncer-

tainties and triggered activities on different difficulty levels of project 

and product development. It would also be interesting to understand 

how the perceived uncertainty types and triggered activities change 

during the project and team role (managers and technical team).  
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EXPERIMENT SETUP: CHALLENGES IN NEW 

PRODUCT DEVELOPMENT PROJECTS 

 

You will be presented with scenarios that describe real life 

challenges for a new product development (NPD) team. 

For each scenario, you will be asked a series of questions 

about how you would act if you found yourself in this situa-

tion. Please answer these questions to the best of your 

ability. 

 

Your answers will be used for the purpose of research on 

NPD projects. They will be confidential and anonymous. 

For any further information, please contact Sarah Lasso 

(email: salas@dtu.dk) 

 

 

 

Overall situation: 

mailto:salas@dtu.dk
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You are the project manager for a NPD project with a core 

team of 15 individuals from different departments including 

mechanical, user experience, software development, de-

signers, marketing and others in a large multinational 

manufacturing company that produces consumer electron-

ics. Your team is developing a new cell phone with innova-

tive features: a 72 hour battery, 500 gigabyte memory, wa-

terproof body with a flexible screen, biometric security, and 

wireless charging. These features will make the product 

attractive in the market and there are high expectations for 

sales. There are established financial resources, as this is 

the project with the highest priority in the company. The 

company has a core project team as well as reliable sup-

pliers. The market is already established and the company 

knows and understands it´s customer needs. 
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One of the project tasks is to create a new battery which 

provides enough power for the phone to fully function for 

72 hours. For this task, you are working with a new tech-

nology that you have never worked with before to develop 

a battery that is new to the market: smaller, thinner and 

more powerful. This new technology, however, is not de-

veloping as you expected: the battery life is not the esti-

mated hours. Consensus in your team is that the technolo-

gy is still under-developed but your team does not have 

the time to run all the tests that are needed to improve the 

battery. You need to make a decision regarding the next 

steps you and your team will take to address this chal-

lenge. 

 

List the first three activities your team would take to deal 

with this challenge? List the activities in the order your 

team would perform them.  
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1. __________________________________________________________

_________________ 

2. __________________________________________________________

_________________ 

3. __________________________________________________________

_________________ 

 

How confident are you that these activities will help your 

team solve the challenge successfully? 
 
 

Not all con-
fident 

   Very confi-
dent 

1 2 3 4 5 
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One of the project tasks is the development of the wireless 

charging dock. Due to the technical complexity of this 

dock, the product-development team is working on differ-

ent product parts in parallel. There is a need for integrating 

these product parts for the charging dock to be fully func-

tional. The project is stalling because the Mechanics de-

partment is still working on the development of the body of 

the dock. As a result the mock-up is still not ready for test-

ing. You and your team are worried about the integration of 

the parts. You need to make a decision regarding the next 

steps you and your team will take to address this chal-

lenge. 

List the first three activities your team would take to deal 

with this challenge? List the activities in the order your 

team would perform them.  

 

1. __________________________________________________________

_________________ 

2. __________________________________________________________

_________________ 
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3. __________________________________________________________

_________________ 

 

How confident are you that these activities will help your 

team to solve the challenge successfully? 
 
 

Not all con-
fident 

   Very confi-
dent 

1 2 3 4 5 
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You are in the middle of the NPD project and are testing 

the cell phone biometric security feature. The feature is 

crucial since it will substitute the password for unlocking 

the phone. Individuals in your team know how biometrics 

work in theory and have had some workshops on it. How-

ever, this feature is still not stable and testing is not pro-

gressing as expected. The sensors for face detection are 

not operational as they should be and are easily deceived 

by makeup and glasses, which in theory should not be 

problematic. You need to make a decision regarding the 

next steps you and your team will take to address this 

challenge. 

 

List the first three activities your team would take to deal 

with this challenge? List the activities in the order your 

team would perform them.  

 

4. __________________________________________________________

_________________ 
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5. __________________________________________________________

_________________ 

6. __________________________________________________________

_________________ 

 

How confident are you that these activities will help your 

team to solve the challenge successfully? 
 
 

Not all con-
fident 

   Very confi-
dent 

1 2 3 4 5 

 
 

 
You have reached the time in the NPD project where the 

phone body is designed. You are considering variables 

such as production costs, material type, and possible sup-

pliers. However, Mechanics and User experience disagree 

between using aluminium and polycarbonate as materials 

for the phone body. Both options have their advantages 

but have very different costs and you are on a tight time 

schedule. You need to make a decision regarding the next 

steps you and your team will take to address this chal-

lenge. 
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List the first three activities your team would take to deal 

with this challenge? List the activities in the order your 

team would perform them.  

 

7. __________________________________________________________

_________________ 

8. __________________________________________________________

_________________ 

9. __________________________________________________________

_________________ 

 

How confident are you that these activities will help your 

team to solve the challenge successfully? 
 
 

Not all con-
fident 

   Very confi-
dent 

1 2 3 4 5 
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You are working according to a new product development 

process. This process has several gates, which define 

what deliverables need to be presented to the product 

manager. It is expected that the whole project moves from 

one gate to the next in a pre-defined schedule. However, 

the process is not equally advanced in all the departments. 

While Mechanics is working with mock-ups and is ready to 

present their deliverables for Gate 2; the battery team is 

not ready for simulations and needs more time. You need 

to make a decision regarding the next steps you and your 

team will take to address this challenge. 

 

List the first three activities your team would take to deal 

with this challenge? List the activities in the order your 

team would perform them.  

 

10. __________________________________________________________

_________________ 

11. __________________________________________________________

_________________ 
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12. __________________________________________________________

_________________ 

 

How confident are you that these activities will help your 

team to solve the challenge successfully? 
 
 

Not all con-
fident 

   Very confi-
dent 

1 2 3 4 5 
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You are in the middle of the NPD project, in the phase 

were the team is working to develop the first product mock-

up focusing on the internal parts. You asked Mechanics to 

be responsible for presenting the final mock-up based on 

inputs from other departments. They present to you an im-

proved mock up for the phone body, which makes the lat-

est progress from the battery team useless: the new mock-

up contains a reduced body size which affects the space 

available for the battery. You need to make a decision re-

garding the next steps you and your team will take to ad-

dress this challenge. 

 

List the first three activities your team would take to deal 

with this challenge? List the activities in the order your 

team would perform them.  

 

13. __________________________________________________________

_________________ 

14. __________________________________________________________

_________________ 
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15. __________________________________________________________

_________________ 

How confident are you that these activities will help your 

team to solve the challenge successfully? 

 

Not all con-
fident 

   Very confi-
dent 

1 2 3 4 5 

For each of the below statements please rate your agreement 

from: 

 

 Stron

gly 

disagr

ee 

Disagr

ee 
 Agree 

Stron

gly 

Agree 

The scenarios were similarly 

complex. 
1 2 3 4 5 

The scenarios were similarly 

composed (context, problem 

and action). 

1 2 3 4 5 

While I was reading the sce-

narios, I could easily image 

the situation taking place. 

1 2 3 4 5 

I could picture myself in the 

situation described in the 

scenarios. 

1 2 3 4 5 

The scenarios enabled me to 

evaluate which actions I 
1 2 3 4 5 
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would take if I were in the 

real situation. 

The information provided 

enabled me to understand 

the situation. 

1 2 3 4 5 

The scenarios described real 

life situations. 
1 2 3 4 5 

The scenarios described situ-

ations that are common in 

product development. 

1 2 3 4 5 
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Personal Information 

Age : ______________ 

Gender:  

( ) Male 

( ) Female 

( ) I prefer not to declare it 

 

Professional experience in Product development: 

I have _______months of experience working in a Product De-

velopment team. 

I have _______months of experience managing a Product De-

velopment team. 

 

Education 

 

( ) bachelor : _______________________________________ 

( ) master: _________________________________________ 

( ) PhD: ___________________________________________ 
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For each of the below statements please rate your agreement 

from: 

 

 

 Strongly 

disagree 

Disagre

e 
 Agree 

Strongly 

Agree 

It frustrates me not 

having all the infor-

mation I need. 

1 2 3 4 5 

One should always look 

ahead so as to avoid 

surprises. 

1 2 3 4 5 

When I am uncertain I 

can’t function very well. 
1 2 3 4 5 

I always want to know 

what the future has in 

store for me. 

1 2 3 4 5 

I can’t stand being taken 

by surprise. 
1 2 3 4 5 

I should be able to or-

ganize everything in 

advance. 

1 2 3 4 5 

 

 


