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Abstract 

Title    Knowledge integration under uncertainty:  
A sensemaking perspective on experts’ verbal communication 
 

Authors   Hugo Guyader and Mario Kienzler 
Supervisors  Marie Bengtsson and Christian Berggren 

      
Background  Uncertain situations are characterized by a lack of comprehension,  

due to a lack of knowledge. It is not possible to know beforehand,  

what the consequences of an action will be. However, teams  

of experts within NPD projects are required to act despite this  
uncertainty. Even though they should be paralyzed, the team  
members integrate their individual knowledge and manage to develop  
technologically-innovative products or services which answer the  
customers' requirements.  

 

Purpose  The study analyzes the verbal communication of experts during the 
knowledge integration process from a sensemaking perspective. 
The experts are engineers from a NPD project dealing with the  

development of a new steam turbine. 

 
Definitions  Knowledge integration: collective social process which is 

required to integrate distinct but complementary knowledge residing  

in various individuals, which’s output is integrated knowledge—e.g.  
embedded in an artifact. 

  Sensemaking: ongoing process of giving meaning to actions, 
beliefs and events in order to understand their implication in a  
context. 

  Experts: trained specialists with experience in one or a few specific 
fields. 

 
Results   The experts’ verbal communication is characterized by punctuated 

expecting and frequent arguing. Thereby, arguing is characterized 
by questioning, rewording and summarizing. Arguing is seen as the  
main communicational facilitator during the knowledge integration 
process. 

    
Key words  Knowledge integration, uncertainty, sensemaking,  

verbal communication, new product development.  
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Chapter 1. Introduction 

1.1. Problematization 
Due to cognitive limitations, it is not possible for a single human being to comprehend and 

understand everything (Simon, 1991). Thus, most of us are familiar with uncertainty: the 

inability to comprehend a situation to its full extent due to a lack of knowledge. Yet, 

uncertainty is not necessarily a permanent state of mind since we are able to learn from 

experiences, whether they are mistakes or successes. We take actions, we interpret the 

results of these actions, we give meanings to these interpretations and we acknowledge 

these meanings. Karl Weick (1988; 1995) calls this process: sensemaking. 

 

However, sometimes we are required to act despite uncertainty. In such situations, a 

sufficient evaluation of the action can only be done in hindsight, once an alternative among 

the optional actions has been pursued and its consequences have materialized. Fischhoff 

characterizes these conditions by exemplifying: “[t]he hindsightful judge possesses outcome 

knowledge, that is, he knows how things turned out. The foresightful judge does not.” 

(Fischhoff, 1975, p.304). Hence, we have to act in spite of insufficient knowledge. 

 

In order to exemplify this, we can go back to the time when the NASA decided to send Neil 

Armstrong to be the first—American—man to set a foot on the moon. Even though NASA’s 

goal was clear, the only way to know whether or not Neil would walk on the moon was 

actually to send him into outer space and see what happens. Especially, because a vast 

amount of uncertainty came from the novelty of the mission itself. Once the spaceship 

comes back from the moon—and only then—it was possible to compare the real lunar 

characteristics with the NASA expectations, and draw conclusions for their future manned 

missions to the moon. This kind of uncertainty forces people to act first and to assess 

whether the action was sufficient afterwards, which ”[...] can lead to confusion and an over-

cautiousness that paralyses organizations and their managers into inactivity.” (Wright, 2005, 

p.86).  

 

Indeed, a specific setting where such uncertainty can be found is in organizations committed 

to develop new and innovative products or services. New product development (henceforth, 

NPD) is the process “[...] by which a company repetitively converts embryonic ideas into 

saleable products or services.” (Boyer and Verma, 2010, p.73). Similarly, innovation is 

defined as “[...] the creation of new knowledge that is applied to practical problems.” 
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(Schilling, 2010, p.5). These organizations' goals are clear: to develop something innovative. 

That is why managers put together project teams of experts who collaborate to overcome 

their individual cognitive limitations and develop a new product or service (Hislop, 2003; 

Yang, 2005). Therefore, the conversion of embryonic ideas as well as the creation of new 

knowledge, involves the integration of different streams of knowledge from different 

individuals (Ditillo, 2004; Cecere, 2012). Enberg defines this process of knowledge 

integration in new product development projects as “[...] the process of goal-oriented 

interrelating with the purpose of benefiting from knowledge complementarities existing 

between individuals with differentiated knowledge bases.“ (Enberg, 2007a, p.10).  

 

The individuals whom are in the focus in this thesis are experts. The terms expert and 

specialist might be treated as synonyms but are actually not interchangeable; at least not in 

this master thesis. Specialists are trained in a specific field, whereas experts collected 

experience in a specific field (Oxford Dictionaries, 2013e; 2013f). In this thesis, experts are 

considered as trained specialists with experience in one or a few specific fields. Hence, we 

consider experts as a particular kind of specialists. Especially in NPD projects, a range of 

individuals with different specializations and experiences have to work together in order to 

integrate their individual knowledge parts into a complete ‘whole’ (Schmickl and Kieser, 

2008, p.1148). However, the fragmentation and distribution of knowledge among several 

individuals represents the major challenge of the knowledge integration process, as it results 

in numerous possible alternative combinations of knowledge, each aspiring to reach the 

firm’s goal to innovate. This leads to uncertainty, since “[...] neither the probabilities of the 

different alternative choices nor all the different alternatives are therefore known. And they 

cannot be known a priori.” (Becker and Zirpoli, 2003, p.1038). Additionally, these NPD 

teams are required to make use of technologies with which they have often no previous 

experience and to tailor their product offer to an unstable market where customer 

requirements change (Pisano, 1996; Bartezzaghi, Corso and Verganti, 1997; Carlile and 

Rebentisch, 2003; Olausson and Berggren, 2010).  

 

Thus, experts in NPD project face the problem where they do not know what the outcome of 

each of their alternatives is, until they proceed with one of them and retrospectively evaluate 

their actions. Weick illustrates this by stating that “[p]eople often don’t know what the 

appropriate action is until they take some action and see what happens.” (Weick, 1988, 

p.306).  

 

Looking closer at the knowledge integration literature, we can perceive that some scholars 

(Aranda and Molina-Fernández, 2002; Hislop, 2003; Enberg, 2007b) write that knowledge 
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integration is enabled through personal and communication-intensive forms of interaction. 

This seems to be in line with the general notion that communication is of vital importance 

when individuals collaborate (Mercier and Sperber, 2011). In the case of NPD projects, 

teamwork is such a communication-intensive form of knowledge integration because it 

permits knowledge integration on a micro-level between individuals, through the “[...] 

process of distributed cognition in which multiple communities of specialised knowledge 

workers [...] interact to create the patterns of sense-making [...]” (Ditillo, 2004, p.407). 

However, the current literature on knowledge integration does not describe the actual 

communication within the knowledge integration process. In line with this, Tell writes “[t]here 

is a lack of integrated work that provides insights into the activities conducted by 

organizational members in carrying out knowledge integration.” (Tell, 2011, p.35). 

  

Hence, the question arises why the uncertainty during the knowledge integration process 

does not paralyze NPD projects into a state of inactivity. Although the team of experts faces 

radical uncertainty, they are neither paralyzed nor inactive. Instead, together as a team, they 

seem to cope—somehow—with the uncertainty, integrate their individual knowledge and 

develop a complete as well as satisfying product for the customer. Since the current 

literature on knowledge integration does not provide a sufficient answer to this question we 

consider it worth to investigate the communication of a NPD project team when they 

integrate knowledge under uncertainty. 

 

1.2. Research Purpose and Research Questions 
The purpose of this study is to employ a sensemaking perspective to analyze the knowledge 

integration process of experts under uncertainty. More specifically, this master thesis uses 

the transcript of a NPD project meeting to describe how a group of experts integrate 

knowledge through communication. The decision to employ the sensemaking theory as 

analytical perspective was taken because ”[s]ensemaking has explanatory properties that 

allow the researcher to shed light on the process of structuration and the discursiveness of 

discourse.” (Helms Mills, Thurlow and Mills, 2010, p. 193). In other words, it allows us to 

perceive and explain patterns in the communication. 

 

With this approach the aim of this master thesis is to investigate how a NPD team from the 

turbine’s manufacturer PowerCo (original name concealed) communicate in order to 

integrate both new and established knowledge, when developing a new steam turbine. 

Hereby, we are interested in the communication used to integrate knowledge between the 
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project team members. In order to fulfill the purpose of this study, the research question is 

the following: 

 

How does a team of experts communicate when they make sense of a 

situation where the future outcome of their actions is uncertain, in order to 

integrate their individual knowledge? 

 

1.3. Scope and Limitations 
Although, authors as for instance Aranda and Molina-Fernández (2002), Okhuysen and 

Eisenhardt (2002), Hislop (2003) and Enberg (2007a) focus on the knowledge integration 

process of groups and acknowledge the importance of communication for the knowledge 

integration process, still little is known about how groups actually communicate during the 

knowledge integration process. 

 

Therefore, this study focuses on the micro-level of knowledge integration. More specifically, 

the team-level communication will be examined to investigate how a team of experienced 

engineers integrates knowledge under uncertainty. In this sense, the verbal communication 

of the discussions taking place during a meeting is examined from a sensemaking 

perspective. 

 

The major advantage of this study is the focus on a currently incomprehensible 

phenomenon. Hence, the study aims to offer insights into a problem that is known but not 

understood. Further, the issue contemplated in the study can be considered as of a broad 

scope, meaning that knowledge integration under uncertainty is a hurdle in a range of 

industries and therefore a common issue. Henceforth, the study’s findings can contribute to 

a broad spectrum of areas.  

 

The major limitation of this master thesis comes from the research design; the use of 

secondary data as main input for the analysis. Since scope and quality of data does not lie 

in our own hands, the assessment of both is difficult for us (Bryman and Bell, 2007; Greener, 

2008). Another limitation of this research stems from the challenging character of the 

empirical material; the genuine nature of the communication. The communication is colored 

by the expertise of the individuals and challenging to understand for non-engineers. Firstly, 

this means much information is implied and remains unsaid as the engineers share a 

common level of engineering specific knowledge. Secondly, the communication is 

characterized by technical terms which non-engineers have to familiarize with before the 
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actual communication can be understood. Additionally, the challenge of understanding the 

data is due to the nature of the transcript as non-descriptive and non-explanatory material 

that is further complicated by the fact that we used secondary data, which was not collected 

by us. Hence, familiarization with the topic had to start by using the empirical material itself 

instead of absorbing information during the actual meeting. Although we are aware of this 

limitation we used the full range of our abilities and known techniques to capture and 

understand the processes displayed in the transcript.  

 

Finally, the use of a single firm as study object reduces the generalizability of the findings. 

Yet, we perceive our study design as the most promising methodology given the master 

thesis constraints, the scope of the research and our own limited abilities in gathering the 

needed empirical data ourselves. Nevertheless, we try to leverage the negative effect by 

focusing on general relations and conjectures that can be regarded as universal issues—

how to make sense of different alternatives and subsequently choose one of them under 

uncertainty. 

 

1.4. Contribution and Target Group 
With this aim, the proposed master thesis will contribute on a broad scope to the knowledge-

based theory of the firm; precisely to the theory of knowledge integration. This is done by 

applying a sensemaking perspective on the analysis of knowledge integration on the micro-

level. Further, the master thesis aims to contribute to the understanding of knowledge 

integration under uncertainty by illustrating how the engineers in focus make sense of 

diverse individual knowledge in order to develop a steam turbine. Therefore, we are 

convinced that the findings of this study can contribute to the efficiency of knowledge 

integration between experts when they cope with uncertainty. 

 

Taking the scope and the contribution of this thesis into consideration, the target group can 

be described as both academics and practitioners who are concerned about the micro-level 

process of knowledge integration under uncertainty. As the thesis employs an explicit 

sensemaking perspective on knowledge integration under uncertainty, it intends to offer new 

and detailed insights into the knowledge integration process and wants to point towards new 

avenues for research. At the same time, we aim to offer practitioners the possibility to take 

our rich empirical description and analysis as starting point to reflect upon their own 

communication habits in situations that require knowledge integration under uncertainty. 
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1.5. Outline 
Chapter 1. 

The purpose of chapter 1 is to provide an introduction to the master thesis by presenting the 

research problem and the research question to the reader. 

 

Chapter 2. 

The methodology presented in this chapter intends to describe and motivate the choices 

made regarding research design, method, quality as well as data collection and analysis.  

 

Chapter 3. 

Chapter 3 aims to present the theoretical background of the master thesis. Therefore, the 

chapter is divided into two broad categories: knowledge integration and sensemaking. The 

theory is meant to expand the reader’s understanding of the master thesis, as well as to 

serve as foundations for the analytical model, eventually presented in the third part of 

chapter 3. 

 

Chapter 4. 

This chapter presents the empirical material, which will be later analyzed. Not only the 

empirical data itself is presented but additional background information are displayed in 

order to be able to situate the material in relation to its context. 

 

Chapter 5. 

Here, the analytical model developed in chapter 3 is investigated to analyze the empirical 

material and answer the research question. 

 

Chapter 6. 

In the last chapter, the master thesis’ findings are presented and discussed. Further, an 

outlook regarding future research is given. 
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Chapter 2. Methodology 

2.1. Research Design 
The goal of this master thesis is to contribute to the understanding of how sensemaking 

contributes to knowledge integration under uncertainty. In order to achieve this, we aim to 

analyze how experts of a NPD project team integrate their individual knowledge when it is 

unclear how to reach a specific goal. Specifically, this study focuses on the communication 

between a number of experienced engineers during one project meeting. 

 

As sensemaking, as well as knowledge integration, are essentially collective processes 

(Weick, 1995; Huang and Newell, 2003; Weick, Sutcliffe, and Obstfeld, 2005) our study 

focuses on capturing and analyzing the communication between individuals. Therefore, this 

thesis analyzes the sensemaking present in the communication among a group of experts in 

a meeting transcript. In order to do this, we employ an interpretive research design, which 

features elements from qualitative content analysis and hermeneutics.  

 

2.2. Research Method 
Although not described in details, Byman and Bell highlight the possibility to combine 

content analysis and hermeneutics by stating: “[...] qualitative content analysis can be 

hermeneutic when it is sensitive to the context within which texts were produced.” (Byman 

and Bell, 2007, p.574). We are convinced that such a combination constitutes an adequate 

method for this master thesis, as the focus is the communication within a specific meeting 

transcript and the context—the NPD project which the meeting is part of—has to be 

understood in order to make inferences.  

 

As a basic component from qualitative content analysis, our research method contains a 

limited set of predefined categories which guides our search for themes in the empirical 

material—the meeting transcript (Byman and Bell, 2007). These predefined categories are 

perceived as important, inasmuch as a sufficient analysis requires a selective focus. Further, 

by using a qualitative content analysis, our focus lies on retrieving and illustrating emerging 

themes from the empirical material in a qualitative manner, which describe the meaning 

within the text (Byman and Bell, 2007).  

 

However, turning to hermeneutics, we understand the empirical material as the specific part 

of the whole context, as “[…] the meaning of a part can only be understood if it is related to 

the whole” [citation emphasized in original]” (Alvesson and Sköldberg, 2000, p.53). 
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Therefore, the interpretation of the empirical data, takes the context into consideration by 

accounting for the setting and the conditions surrounding the empirical material. Moreover, 

the interpretation of the communication is based on a dialogue between the empirics and us, 

which yields to see emerging themes in the data (Alvesson and Sköldberg, 2000; Bryman 

and Bell, 2007). At this, we center our interpretation on the experts’ words during the 

meeting (Bryman and Bell, 2007). 

 

2.3. Data Selection and Collection 
The empirical data used in this master thesis are the transcript of a NPD project meeting 

from a Swiss turbine manufacturer and two interviews conducted with one expert involved in 

the development of new and innovative products. Hence, the empirical data used in this 

thesis can be regarded as qualitative data as it concerns words and meaning, rather than 

numbers and facts (Bryman and Bell, 2007; Greener, 2008).  

 

The meeting transcript which is the heart of this master thesis, is part of the empirical data 

collected by Cecilia Enberg for the purpose of her doctoral dissertation ‘Knowledge 

Integration in Product Development Projects’, at Linköping University (Enberg, 2007a). It 

represents a circa 10.000 words-long transcript of a two hour-long project meeting at a 

turbine manufacturer in Switzerland. This meeting took place in November 2002 and was 

initially tape-recorded by Cecilia Enberg who was allowed to participate in the meeting and 

take field notes. Subsequently, she transcribed the recording and annotated the written 

transcript with the observations she could gather during the meeting. The original names of 

the organization and its employees remained undisclosed to us and the information revealed 

in our empirical chapter are either available in Cecilia Enberg’s dissertation or based on the 

meeting transcript. Hence, all names related to the turbine project are pseudonyms and the 

manufacturer is given the alias name PowerCo. 

 

The initial purpose for gathering these data was to investigate how a project team, within the 

turbine manufacturer PowerCo, integrates knowledge in order to develop a ‘large low 

pressure steam turbine’ (Enberg, 2007a). Since Cecilia Enberg is now a researcher at the 

Företagsekonomi Institution 1  of the department of Management and Engineering at 

Linköping University, we could obtain the transcripts from her and use it as empirical 

material for this master thesis. Since the material was gathered for another purpose than 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1 Företagsekonomi institution (FEK) is the Swedish name for the Business Administration division at Linköping 
University. 
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our research, the transcript can be categorized as secondary data (Hakim, 1982; Bryman 

and Bell, 2007). The reason why we chose to make use of this secondary data is three 

folded.  

 

First, Hakim suggests that “[…] original research can often be done with ‘old’ data” (Hakim, 

1982, p.1). In this case, this is possible since the meeting transcript depicts knowledge 

integration. So, although the data was collected for a different purpose than our research, 

our focus can be described as compatible with the data since our topic is neighboring 

(Greener, 2008). Further, Bryman and Bell (2007) suggest that a reanalysis from a different 

perspective can offer the possibility of new insights. This is in line with the notion that 

“[s]econdary analysis is any further analysis of an existing dataset which presents 

interpretations, conclusions, or knowledge additional to, or different from, those presented in 

the first report on the inquiry as a whole and its main results” (Hakim, 1982, p.1). Moreover, 

as “[…] qualitative social research is pluralistic [...] [a] variety of models may be applied to 

the same object for different purposes” (Kirk and Miller, 1986, p.12). Therefore, we aim to 

analyze the existing data from a “new theoretical direction” (Bryman and Bell, 2007, p.334); 

namely, from a sensemaking perspective.  

 

Second, although the literature lists time, money, and effort efficiency as advantages of a 

secondary data analysis (Hakim, 1982; Bryman and Bell, 2007), the main advantage for us 

is that this ‘old’ dataset actually provides us with access to empirical material which we 

could not have gathered ourselves. The main reason for this is that the firms that face such 

uncertain conditions during NPD projects are rather reluctant to grant students an in-depth 

look into how their experts communicate to integrate knowledge. However, as the transcript 

originates from a meeting that took place during the critical development phase of a turbine 

project, the experts faced great uncertainty regarding their actions. Concretely, it means that 

the experts had to act—integrate their knowledge—before they could make sense of their 

action. Therefore, the transcript provides us with empirical data which we would not have 

had access to on our own.  

 

Third, we have to emphasize on the problem that comes with gathering information that 

involves human communication. In order to establish validity, the ‘capturing’ of 

communication has to be done in a manner which makes it possible to observe real 

communication. Liamputtong and Ezzy suggest asking yourself the following: “[e]ven when 

people tell you what they believe or do in the interview situation, do they tell you the truth? 

They may not do so because of some personal, social, cultural, or political situations.” 

(Liamputtong and Ezzy, 2005, p.102). The meeting transcript shows the actual 
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communication and is therefore a manuscript of authentic communication. This is important 

since the focal point of this thesis is the communication of experts integrating knowledge. So 

the actual way of collecting the empirical data was crucial to us. For instance, a case study 

written about the communication process of experts, a range of interviews with a team of 

experts regarding their communication habits or similar attempts to capture communication 

constitute blurred data. Such materials are not raw data and the actual phenomenon—the 

communication of experts—would not be observed directly. Rather the phenomenon is 

interpreted and distorted through progression. Hence, we had to ask ourselves what does 

the empirical data need to capture? The transcript is a word-by-word representation of the 

actual communication during the meeting. As such, it is the most suitable data to study the 

communication between experts since the meeting transcript—which we base our analysis 

on—is not pre-interpreted, not leaving out aspects of the meeting and is not influenced by 

personal motives. This notion is supported by Alvesson and Sköldberg who write: “[m]inutes 

recording factual behaviours are thus worth more than interview information about the same 

behaviours […]” (Alvesson and Sköldberg, 2000, p.75). Since genuine communication takes 

place in a meeting and is revealed in the transcript, the meeting transcript as raw data offers 

a great opportunity for our research purpose.  

 

Fourth, the meeting transcript was selected because of the actual characteristics of the data. 

Although the meeting transcript was initially collected for a different purpose, it represents 

ideal material for our study. Indeed, we require empirical material which extensively displays 

expert communication during the knowledge integration process, under the specific 

conditions that uncertainty hinders these experts to know which individual knowledge to 

integrate and whether it will lead them towards their desired goal, but yet—somehow—they 

integrate their knowledge. The meeting transcript displays all these characteristics. Hence, 

the transcript was specifically selected and can therefore not be regarded as random 

(Greener, 2008). 

 

Although the meeting transcript displays suitable data, we decided to collect additional data 

ourselves in order to augment and strengthen our understanding of the communication-

intensive knowledge integration process in NPD projects. As chance would have it, Scania 

AB (henceforth, Scania), a Swedish truck and bus manufacturer, has its research and 

development (henceforth, R&D) department located in Södertälje, Sweden. Scania currently 

works on developing hybrid powertrains for both trucks and buses in an NPD project which 

displays similarities with PowerCo’s NPD project. In particular, environmental 

circumstances—uncertain market requirements and inexperience with new technologies—

and the fact that experts are required to collaborate through a communication-intensive 



 11 

knowledge integration process, enable us to combine both NPD projects as our empirics. 

We are aware of the fact that this combination might seem odd. However, we have to 

highlight that we do not combine the turbine and the automotive industries but only the two 

NPD projects. Moreover, since the problem we focus on can be regarded as a phenomenon, 

which has its roots in NPD projects, it is not specific to a certain industry. Thus, we 

conducted two interviews with Dr. Nils-Gunnar Vågstedt, Head of Hybrid Systems 

Development at Scania: one preliminary interview by e-mail and a detailed interview at 

Scania’s R&D department in Södertälje. Through Dr. Vågstedt’s insight, we were able to 

strengthen our understanding of NPD projects as well as to collect additional inputs to help 

us frame the problem as we analyze the meeting transcript. For the purpose of this study, 

we conducted the interviews ourselves, so these interviews can be regarded as primary 

data.  

 

2.4. Data Analysis 
Identically to the initial data collection, our mode of investigation can be regarded as 

qualitative (Bryman and Bell, 2007; Greener, 2008). Taking into consideration that 

sensemaking is the chosen perspective we employ to look at knowledge integration, one 

can argue that we aim to understand “[...] how individuals make sense of the world [...]” 

(Bryman and Bell, 2007, p.18) in order to take a step forward in the product development. 

Our analysis can therefore be regarded as taking an interpretivist perspective (Bryman and 

Bell, 2007; Greener, 2008).  

 

Before we outline the analysis itself, we want to take a moment to describe what is not part 

of our analysis. Although the transcript illustrates the communication during the meeting, we 

need to point out that the transcript does not depict the actual communication in its 

completeness of content. First, the transcript does not grasp the complete conversation as 

parallel discussions were frequent and only the major conversation was transcribed. Second, 

the transcript illustrates only the words spoken during the meeting. In other words, we are 

aware that we miss a large extent of the communication, e.g. gestures, body language, 

facial expression, voice tone, eye contacts, etc. The transcript annotations that indicate non-

verbal communication are regarded as insufficient and subjective. Therefore, our analysis is 

solely based on verbal communication.  

 

As we mentioned earlier, our master thesis is characterized by the interplay between theory 

and practice. Hence, this is also the case in our way of analyzing the data. Therefore, our 

actual approach can be characterized as oscillating between theory and empirics. In this 
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mode, we seek to draw insights from the interplay between the data and the literature. In 

details, it means that after familiarizing ourselves with the data, we identified particular 

trends and themes by reading the transcript and color-coding the conversations according to 

the emerging topics.  

 

The coding itself can generally be described as following: the first step of coding was done 

individually; meaning that we read the meeting transcript separately without discussing our 

opinions directly. At this, we coded alone on separate copies of the raw data. One author 

coded in a narrow manner, meaning looking for precise patterns which repeat throughout 

the transcript. For instance, concrete words and phrases. The other author coded in an open 

manner focusing stronger on the overall content. We are convinced that this approach 

resulted in a deep and wide analysis. In the second step, we combined our thoughts and 

findings. This step was characterized by discussing conflicting opinions and sorting out with 

which themes we would carry on. In a third step, we read the transcript again and organized 

the content around the themes we agreed on. 

 

Afterwards, we went back to the literature to search for concepts that could explain the 

identified themes and trends. We derived representations—key-words, phrases and patterns 

of communication—which illustrate these concepts, and thus we categorized the 

communication in the transcript. Thereby, different color-codes helped us to structure certain 

trends and patterns. This process of wandering between theory and empirics to carve out 

relevant findings was iterative and repeated for several rounds. 

 

2.5. Research Quality 
The research method and the findings in this master thesis can be assessed by taking into 

consideration its reliability and validity. Kirk and Miller write that good research can be 

assessed by its objectivity which “[...] is the simultaneous realization of as much reliability 

and validity as possible.” (Kirk and Miller, 1986, p.20). Despite the fact that reliability and 

validity are concepts used in a range of methodology literature, deviant and complementary 

definitions can be found. In this following section we want to argue for the objectivity of our 

study by combining various perspectives from different authors, in order to define reliability 

and validity in the context of this study. 

!  
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2.5.1. Reliability 
Bryman and Bell (2007) suggest making a study reliable by making the empirical data 

collection, the interpretation of the findings and their analysis replicable and consistent. 

More precisely, Yin (2009) points out that defining and describing the repeatable actions can 

strengthen the reliability of a study. We perceive the findings of this master thesis as reliable 

because of the following reasons. 

 

First, the method of data collection leading to the meeting transcript is explained in details in 

the doctoral dissertation, which the data was initially collected for. Even though the data 

collection is not replicable since the actual meeting—which the data is a transcript of—will 

not take place again, we perceive the collection as reliable since the circumstances, 

methods and steps are described in details. Hence, it is possible to recreate the data 

collection as exactly as possible. Further, the actual collection of the interview data with Dr. 

Vågstedt is described in this thesis. This is in line with Yin’s (2009) definition of reliability. A 

study is reliable when it can be repeated (Yin, 2009). At this, reliability is concerned about 

the replicability of the research and not the results (Yin, 2009). 

 

Second, we need to highlight that the main data, which we use in this thesis, was gathered 

by a doctoral student under the supervision of the university. As the data was collected for a 

scientific purpose and with scientific methods, we could not detect a conflict of interest 

between the collector and the subject, which reflects the objectivity of the data. This makes 

the data consistent. The data collection is therefore regarded as reliable. Nevertheless, we 

acknowledge Yin’s (2009) emphasis that other researchers might obtain different results in 

different contexts. Also, Bryman and Bell’s (2007) 'true replication' issue that each case is 

unique from the data collection to the analysis remains. 

  

When it comes to the analysis and the findings, the study is also regarded as reliable since 

the different steps in the data analysis are described in details in this chapter. Hence, the 

actual analysis is replicable due to the availability of the methods, steps and approaches 

used to analyze the material at hand. Thus, it is possible to recreate the analysis in a 

sufficient manner. However, stronger than in the data collection part, we want to stress that 

different research might reach different conclusions (Yin, 2009).  

  

2.5.2. Validity 
Bryman and Bell (2007) describe internal validity as the credibility of a study and external 

validity as its possibility for generalization.  
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Starting with internal validity, Liamputtong and Ezzy (2005) highlight that various reasons 

could stop people from telling you the truth; consciously or unconsciously. Hence, focusing 

on a transcript of a project meeting allows us to analyze people's communication instead of 

what people would describe as their communication. Therefore, it increases the internal 

validity of the master thesis. On the other hand, the study’s internal validity also relies on our 

own interpretation of people’s communication. Here, we want to especially mention 

Alvesson and Sköldberg who point out that “[…] interpretation-free, theory-neutral facts do 

not, in principle, exist […]” (Alvesson and Sköldberg, 2000, p.1). They suggest that empirical 

materials are polysemous, as well as that data and facts only emerge through interpretation; 

hence, as a result of the observer’s perspective. Alvesson and Sköldberg (2000) further 

elaborate on this by writing that plausibility is an appropriate validation criterion in such a 

situation. They write: “[i]f instead we are satisfied with more modest deliberations of 

plausibility in interpretations, starting from possible arguments pro et contra, and not from 

any claim to final truth […]” (Alvesson and Sköldberg, 2000, p.63). As the authors of this 

master thesis, we are aware of this issue and try to address this by what Madison (1988 

cited in Alvesson and Sköldberg, 2000, p.63) calls a ‘logic of argumentation’: a pattern of 

interpretation that is consistent with the theoretical framework of our study, the context of the 

empirical material and the empirical data itself (Alvesson and Sköldberg, 2000). Further, to 

name an explicit action taken, we reduced the one-sided bias (Eisenhardt and Graebner, 

2007) by interviewing Dr. Vågstedt to broaden our perspective throughout our investigation. 

 

Although our research is grounded on two data sets, the findings have external validity. 

Despite the fact that the empirical data do not allow us to generalize to a population, the 

findings of this study possess analytical generalizability. This reasoning is based on 

Firestone’s (1993) and Yin’s (2009) elaboration on the analytical generalizability of findings. 

Generalizing the findings to a population is based on the use of a random sample, 

which ”[…] reflect[s] the larger population” (Firestone, 1993, p.16). The empirical data used 

in this master thesis does not represent the characteristics of random samples. Au contraire, 

it represents a typical sample since it displays the general challenge of a NPD project team 

to integrate knowledge under uncertainty. Hence, the empirical material was specifically 

selected due to this characteristic. 

 

Moreover, with the detailed elaboration on the background of this typical empirical material, 

usage of quotes and detailed descriptions as well as the exploration of the meaning behind 

the words; we are convinced that the analysis of this master thesis fulfills the criteria of a 

‘thick description’ (Bryman and Bell, 2007). This thick description is geared towards offering 
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insights into a general phenomenon and being able to perform an analytical generalization 

of our findings. The underlying goal with this approach is to be able to ”[…] generalize a 

particular set of results to some broader theory” (Yin, 2009, p.43); namely, the benefit to 

look at knowledge integration under uncertainty from a sensemaking perspective. 
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Chapter 3. Theoretical Framework 

3.1. Knowledge Integration 
Considering mankind's development throughout the centuries it seems reasonable to argue 

that integration efforts of various kinds were fundamental to that progress. However, two 

circumstances in specific heightened the need for integration efforts in an organizational 

context. First, what Adam Smith’s (1776) seminal work, “An Inquiry Into the Nature and 

Causes of the Wealth of Nations”, describes as the division of labor which the world—since 

then—witnessed as a constant specialization in particular domains of knowledge. Second, 

the emergence of large-scale organizations with different functioning units and departments 

split up in the end of the nineteenth century (Grant, 2010). Both, circumstances led to a 

fragmentation of tasks. 

 

As a consequence, authors as Lawrence, Lorsch, Thompson and Perrow engaged 

themselves in the analysis of how to integrate different tasks, which are fragmented across 

a range of departments. In this organizational context, the concept of integration is 

concerned about “the quality of the state of collaboration that exists among departments that 

are required to achieve unity of effort by the demands of the environment.” (Lawrence and 

Lorsch, 1967, p.11). In other words, specialized parts have to be integrated into a 

functioning whole in order to achieve the organization’s purpose.  

 

However, in order to reach unity, two aspects have to be considered: which organizational 

units have to collaborate and how tight the interdependence between them has to be 

(Lawrence and Lorsch, 1967). Indeed, the more differentiated the work units are, the greater 

is the need for integration (Lawrence and Lorsch, 1967; Perrow, 1970). At this, the concept 

of differentiation relates to the individuals’ differences in their behaviors, attitudes and the 

nature of their tasks rather than their different specialized knowledge and the functional 

differentiation of the firm (Lawrence and Lorsch, 1967). One illustration of this could be the 

fictive example of cooperation between the marketing and the accounting departments in 

planning a new marketing strategy. Let’s assume that the marketing department’s only 

attitude regarding the marketing plan is that it needs to be creative and that the accounting 

department is only concerned about having costs as low as possible. Both departments 

need to integrate their tasks according to a certain schemata because at the moment their 

goals are opposing. Thus, when individuals have different goals and future expectations, as 

a result of their ‘cognitive and emotional orientations’, complicated integration mechanisms 

must be developed (Lawrence and Lorsch, 1967). As a consequence a consensus approach 
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has to be adopted, which is characterized by the development of common goals and 

common future expectations (Lawrence and Lorsch, 1967). Further, most contingency 

theorists2 (e.g. Lawrence and Lorsch, 1967; Thompson, 1967; Perrow, 1970; Galbraith, 

1973) agree on the importance of individuals lower down the hierarchy for the integration 

process when uncertainty and complexity are high. 

 

Although these authors mentioned previously only look at task integration and not 

knowledge integration, we consider it important to build on their seminal work on the 

process of integration. Indeed, knowledge integration shares characteristics with the 

concept of integration developed by the contingency theorists presented above. For 

instance, the knowledge integration literature focuses as well on the integration across 

boundaries. The contemplated boundaries, which are dominant in the knowledge integration 

literature, can be found on the intra-organizational level (e.g. Brusoni, Prencipe and Pavitt, 

2001; Becker and Zirpoli, 2003; Grant and Baden-Fuller, 2004), the organizational level (e.g. 

Grant, 1996; Schmickl and Kieser, 2008) and the individual level (e.g. Okhuysen and 

Eisenhardt, 2002; Hislop, 2003; Enberg, 2007a). Further, the fragmentation of knowledge 

also leads to uncertainty, similarly to the task fragmentation. 

 

In more generic terms, knowledge integration is the process of synthesizing two or more 

streams of knowledge. However, knowledge integration is defined in various ways within the 

literature, depending on which approach the author takes. For instance, Tell (2011) gives an 

overview over the most common approaches to define the process of knowledge integration. 

Based on Tell’s (2011) work, we identified that we have to especially highlight the 

differences between knowledge sharing, knowledge transferring and knowledge integration. 

The main reason behind this, is that we want to provide the reader with an exact definition of 

what we are talking about in this thesis. 

 

First, Okhuysen and Eisenhardt (2002) argue that “[...] knowledge sharing and integration 

are distinct processes, with different antecedents and outcomes, not different components of 

the same process.“ (Okhuysen and Eisenhardt, 2002, p.383). They further write that the 

focus of knowledge sharing is the communication of information possessed by single 

individuals whereas the focus of knowledge integration lies on the combination of such 

information. Although we disagree with the notion that knowledge sharing and integration 

are entire independent processes, we agree on the latter part of Okhuysen and Eisenhardt’s 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
2 The contingency theory argues against a universal approach to problem solving but towards an approach, 
which is conditional to the technology and the environment of the firm. 
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(2002) definition. Hence, we define knowledge sharing as a process focusing on the 

communication of individual knowledge. 

 

Second, taking Grant’s (1996b) consideration regarding the efficiency of knowledge 

integration into account, we want to highlight that transferring specialized knowledge 

between various people is first of all not efficient (Grant, 1996b) and can moreover be 

considered as knowledge transfer—and not knowledge integration. Subsequently, Grant 

(1996b) defines knowledge transfer as a process involving both ‘transmission’ as well as 

‘receipt’. Further, Argote and Ingram write: “[k]nowledge transfer in organizations is the 

process through which one unit (e.g., group, department, or division) is affected by the 

experience of another” (Argote and Ingram, 2000, p.151). We therefore, understand 

knowledge transfer as a process focusing on knowledge acquisition.  

 

Third, Ju, Li and Lee define knowledge integration as the combination of ”[...] internal and 

external knowledge through communication and systems integration” (Ju, Li and Lee, 2006, 

p.860). Further, Huang and Newell define knowledge integration as ”[...] an ongoing 

collective process of constructing, articulating and redefining shared beliefs through the 

social interaction of organizational members.” (Huang and Newell, 2003, p.167). Although 

different, we perceive that both definitions point towards social interaction in general and 

communication in specific, as medium for knowledge integration on a group level. Adding on 

this, Enberg perceives the origin of the knowledge as influencing the integration process. 

She defines knowledge integration in NPD project as “[...] the process of goal-oriented 

interrelating with the purpose of benefiting from knowledge complementarities existing 

between individuals with differentiated knowledge bases.“ (Enberg, 2007a, p.10). 

Subsequently, we define knowledge integration as the collective social process which is 

required to integrate distinct but complementary knowledge residing in various individuals, 

which’s output is integrated knowledge—e.g. embedded in an artifact. The 

interdependencies and distinction between the different knowledge concepts are depicted in 

the figure 1 on the next page. 
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Figure 1. Interrelation between knowledge concepts. 

Source: own elaboration. 
 

Figure 1 shows that knowledge transfer, knowledge sharing and knowledge integration are 

different concepts. However, we see knowledge sharing as a preliminary step towards 

knowledge integration. As we can see, the two persons A and B need to share their 

knowledge in order to be able to integrate it and thus create new knowledge. The concepts 

illustrated in figure 1 are further explained in the figure 2 below. 

 

 
Figure 2. Differentiating the three knowledge concepts. 

Source: own elaboration. 



 21 

3.1.1. Characteristics of Knowledge 
On our way to dig deeper into the reason why knowledge integration is a challenging task 

we have to shed more light on what can be considered as knowledge and how the 

characteristics, as well as the level of knowledge, influence the knowledge integration 

process. 

 

First, we want to start by distinguishing between data, information and knowledge. Indeed, 

data can be seen as facts whereas information is data, which is vested with meaning 

(Jashapara, 2004; Zins, 2007). Nonaka emphasizes on the hierarchy of information and 

knowledge by writing: “[…] information is a flow of messages, while knowledge is created 

and organized by the very flow of information [...]” (Nonaka, 1994, p.15). Acknowledging this 

hierarchy but pointing stronger to the variety in individual knowledge, Jashapara (2004) 

argues that since knowledge results from the personal process of perception, individuals’ 

thoughts vary even though they may have had the same data or information as input. In line 

with this, Zins defines “[...] knowledge is the content of a thought in the individual’s mind [...]” 

(Zins, 2007, p.487). This confirms the call for a micro-level study of the integration of 

knowledge. Both Nonaka (1994, p.26) and Zins (2007, p.492) add that knowledge can be 

identified as an individual’s “justified true belief”. An example for this trinity is the following: 

data is the sound one hears while walking through a park during springtime. The information 

would be the singing of a bird and knowledge is the idea that the bird’s receptiveness leads 

to the singing.  

 

Second, in their study, Ju, Li, and Lee show that the kind of knowledge influence the 

knowledge integration process as “knowledge characteristics with higher modularity and 

explicitness could enhance organizational learning and knowledge integration [...]” (Ju, Li, 

and Lee, 2006, p.855). Hence, we want to present the most fundamental distinction between 

‘explicit knowledge’ and ‘tacit knowledge’ prominently made by Polanyi (1958) and other 

authors (for instance Nonaka, 1994; Spender, 1994; Tsoukas, 1996; Grant, 1996a; Cook 

and Brown, 1999). In order to describe these two terms in a nutshell, we turn to Lubit who 

writes: “[t]acit knowledge is ‘knowing how’ while explicit knowledge is ‘knowing that.’” (Lubit, 

2001, p.164). Even though many researchers agree upon a tacit-explicit distinction, there 

are two mutually exclusive views on whether tacit and explicit knowledge represent a 

dichotomy or two ends of a continuum (Jasimuddin, Klein and Connell, 2005). On the one 

side, scholars argue for the dichotomy view (Nonaka, 1994; Spender, 1994; Cook and 

Brown, 1999) by writing that tacit and explicit knowledge are two different types of 

knowledge. On the other side, Polanyi (1958) and other scholars (Kogut and Zander, 1992; 

Tsoukas, 1996; Makhija and Ganesh, 1997; Inkpen and Dinur, 1998) who argue for the 
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continuum view suggest that “[i]t is rare to find absolute tacit knowledge or absolute explicit 

knowledge” (Cavusgil, Calantone and Zhao, 2003, p.9). In this master thesis we employ the 

continuum view and perceive knowledge as containing varying amounts of tacit and explicit 

parts. 

 

As explicit knowledge “[...] has the character of public goods” (Cavusgil, Calantone and 

Zhao, 2003, p.7), it is objective, effortless codeable, shareable and transferable (Cavusgil, 

Calantone and Zhao, 2003; Carlile and Rebentisch, 2003; Ju, Li and Lee, 2006;) and 

materializes as for instance ‘routines’, ‘methods’, ‘procedures’ and ‘artefacts’ (Choo and 

Bontis, 2002; Ju, Li and Lee, 2006; Hung, Kao, Chu, 2008). Further, Grant (1996a) and 

Lubit (2001) write that explicit knowledge can be passed on to others in the form of 

information by expressing it in words, both written or spoken ways (Johannessen, Olsen and 

Olaisen, 1999). Nonaka (1994) adds that explicit knowledge is ‘digital’ in the sense that it is 

divisible in separate parts. Due to these characteristics explicit knowledge is less important 

than tacit knowledge in the innovation process, since explicit knowledge is easily accessible 

by competitors and therefore not a source of competitive advantage (Lubit, 2001; Carlile and 

Rebentisch, 2003; Du Plessis, 2007). Considering this in the light of the knowledge 

integration process, it means that explicit knowledge is not hard to select as inputs for the 

knowledge integration process. However, that does not necessarily mean that explicit 

knowledge is easy to integrate.  

 

As opposed to explicit knowledge, tacit knowledge “[...] is embodied in the human brain and 

cannot be separated from the people who possess it [...]” (Jasimuddin, Klein and Connell, 

2005, p.103). Tacit knowledge is subjective, embedded inside the firm and therefore difficult 

to articulate, interpret, subsequently transfer and integrate (Grant, 1996b; Johannessen, 

Olsen and Olaisen, 1999; Cavusgil, Calantone and Zhao, 2003). For instance, it resides in 

the experiences and competencies of employees (Choo and Bontis, 2002). Polanyi (1962) 

writes that the knowledge is not articulable and non-rational. In line with this, Nonaka (1994) 

describes tacit knowledge as having ‘analog’ characteristics, which means that it consists of 

inseparable levels of knowledge. Due to these aspects, tacit knowledge offers a greater 

chance to be a ‘unique’ and ‘rare’ and hence a source of competitive advantage (Cavusgil, 

Calantone and Zhao, 2003). However, tacit knowledge is complicated to integrate. A specific 

reason for this is that “[t]acit knowledge is embedded in the practical matrix and it expresses 

itself through practical knowledge, reflected over time through experience in the same 

context. The practical matrix is interwoven to a pattern which combines tacit knowledge to 

action, i.e. the integration and indwelling of experience with formal knowledge, so it is 

attainable but not easily comprehensible.“ (Johannessen, Olsen and Olaisen, 1999, p.129). 
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Therefore, organizations often fail to recognize as well as to retrieve the tacit knowledge 

they possess as a whole (Du Plessis, 2007). Subsequently, we understand that tacit 

knowledge is difficult to integrate because it is laborious to recognize the knowledge one 

owns and we perceive this as a preliminary step of the integration process. Although, we 

acknowledge that it is possible to integrate tacit knowledge without knowing how to 

articulate it, which is in line with Polanyi’s notion of “[...] we can know more than we can tell” 

(Polanyi, 1966, p.4), we see this as the exception rather than the rule. 

 

Another attribute that can help to characterize knowledge is the level where the knowledge 

resides. Although the literature identifies various knowledge levels (e.g. Walsh and Ungson, 

1991; Spender, 1996; Hargadon and Fanelli, 2002; Okhuysen and Eisenhardt, 2002; Grant, 

2010; Roussel and Deltour 2012), we perceive individual, collective and structural 

knowledge as knowledge levels that are most important for this master thesis. As mentioned 

above, the knowledge characteristics proved to have influence on the knowledge integration 

process. Kraaijenbrink and Wijnhoven argue as well that the level of knowledge has an 

impact on knowledge integration by stating: “[...] while the integration of knowledge residing 

in a database involves explicit procedures and appropriate technologies, the integration of 

knowledge residing in people involves close cooperation, trust, and mutual interests” 

(Kraaijenbrink and Wijnhoven, 2008, p.276). Hence, the knowledge levels should be taken 

into consideration when integrating knowledge. 

 

Spender (1996) distinguishes between an individual and a collective level of knowledge. 

Cook and Brown (1999) point to skills as individual knowledge. Cecez-Kecmanovic further 

specifies that individually held knowledge can be found in “[...] a person’s skills, expertise, 

know-how, experiences, judgement, values, beliefs, assumptions [...] and is acquired 

through training, work experience and socialisation of the individual.” (Cecez-Kecmanovic, 

2004, p.158). Similarly to tacit knowledge, knowledge that resides on an individual level 

requires more sophisticated pre-work until it can be integrated. 

 

Many authors define collective knowledge as the aggregation of individual knowledge 

obtained through integration (Okhuysen and Eisenhardt, 2002; Grant, 2010; Roussel and 

Deltour 2012). In contrast to individual knowledge, collective knowledge emerges within a 

group of individuals (Cecez-Kecmanovic, 2004) by a “[...] recursive alignment of individually 

held schemas, goals, and identities” (Hargadon and Fanelli, 2002, p.300). Both 

‘interpretations of events’ and ‘shared collaborative experiences’ are examples of how 

individual as well as collective knowledge can materialize (Cavusgil, Calantone and Zhao, 
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2003). Hence, collective knowledge is understood as intangible knowledge that needs to be 

made tangible in an artifact, for instance, in order to be retrieved later.  

 

Besides individual and collective, a third level of knowledge is contemplated in this thesis: 

knowledge on a structural level as for instance defined by Walsh and Ungson (1991). We 

understand structural knowledge as knowledge that is defined by neither residing within a 

single person nor a group of individuals. Instead, structural knowledge resides in the firm 

itself. Specifically, in routines and core competencies for instance (Evans and Easterby-

Smith, 2001). Hargadon and Fanelli (2002) describe that knowledge can be observed as 

‘actions’ or ‘possibilities’. The former is part of the empirical perspective where knowledge is 

found in physical and social artifacts—e.g. organizational routines, procedures, products, 

etc.—and can be understood as structural knowledge. The latter is part of the latent 

perspective where knowledge is the basis for novel actions and organizational members 

create new knowledge. 

 

3.1.2. How is Knowledge Integrated 

Firms need to integrate knowledge at both the systemic and component levels. In other 

words, knowledge integration is required from a corporate management point of view, as 

well as from a technical component point of view. At the corporate level, knowledge 

integration is influenced by the firm’s strategy. Managers have architecture-specific 

knowledge, which they need to integrate in order to make the best decision, according to the 

firm’s goals. Indeed, they must be able to use their suppliers’ knowledge on a collaborative 

basis. Examples of studies focusing on strategic knowledge integration are Becker and 

Zirpoli’s (2003) study on the negative effects of outsourcing at FIAT and Brusoni, Prencipe 

and Pavitt’s (2001) study of the effects of networks on knowledge integration. 

 

In opposition with the corporate level, knowledge integration at the product level relies upon 

component-specific knowledge. Individuals holding technical capacities from different 

knowledge bases need to cooperate within the project team. They integrate each other’s 

knowledge to solve specific problems. Studies illustrating this are for instance Huang, 

Newell and Pan’s (2001) study of an investment bankʼs millennium program and Hislop’s 

(2003) study on the importance of teamwork, documentation and formal education for 

knowledge integration. 

 

Nonaka (1994) describes that individuals can become the only creators of knowledge by 

interacting and sharing their ideas with other individuals. He describes that this interplay 
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between tacit and explicit knowledge is a vital part of the development of new knowledge. 

Indeed, Enberg shows the importance of visual representations such as graphs and 

sketches, as they support the articulation of knowledge among individuals, “[...] both as it 

has been described by Polanyi (1958) as a mental operation and as it has been described 

by Nonaka and Takeushi (1995) as a process of making tacit knowledge explicit.” (Enberg, 

2007a, p.199). Further, Rockart and Short (1989) argue that information and communication 

technology fosters explicit knowledge integration by coding, communicating, assimilating, 

storing and retrieving the knowledge. Hence, it can be stated that the articulation of 

knowledge, both in verbal as well as non-verbal forms, is an integral part of knowledge 

integration. 

 

However, Grant (1996a) argues that common knowledge is a necessary basis and 

prerequisite of the knowledge integration process. As we said earlier, knowledge is a 

“justified true belief” (Nonaka, 1994, p.26). Yet, what does common knowledge mean? First, 

we have to establish that common refers to: “shared by, coming from, or done by two or 

more people, groups, or things” (Oxford Dictionaries, 2013a). In other words, common 

knowledge would be held among a group of people in a specific context. Specific forms of 

common knowledge are for instance, ‘language’, ‘arithmetic’ (Demsetz, 1991) and ‘symbolic 

communication’ (Grant, 1996b). Essentially, common knowledge can be described as 

knowledge foundations in a specific context for a certain group of people. Following up on 

Demsetz’s (1991) example with languages, doctors hold common knowledge in the form of 

knowing the Latin names of muscles and bones in the human body, which enables them to 

communicate with other doctors and subsequently integrate their knowledge.  

 

Further, according to Grant (1996b), common language, ‘symbolic communication’, 

‘commonality of specialized knowledge’, shared meaning and recognition of knowledge 

domains are requisites for communication-intensive knowledge integration mechanisms. 

Thus, effective communication is realized through a common understanding of the ‘best’ 

approach based on each individual’s knowledge (Nonaka, 1994; Huang and Newell, 2003; 

Enberg, 2007b) and common beliefs and meanings (Arlanda and Molina-Fernandez, 2002). 

In return, communication and interactions foster knowledge integration (cf. Aranda and 

Molina-Fernández, 2002; Hislop, 2003; Ditillo, 2004). So, Grant (1996a) argues that the 

efficiency of knowledge integration can be assessed through the level of common 

knowledge, the frequency and variability in task performance and the structure. Therefore, a 

lack of common knowledge or culture (Huang, Newell and Pan, 2001) and common 

understanding (Anderson and Tushman, 1990) hinder knowledge integration. “Generally 

speaking, the wider the scope of knowledge being integrated (and, hence, the greater the 
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diversity of the individuals involved), the lower is the level of common knowledge, and the 

more inefficient the communication and integration of knowledge.” (Grant, 1996a, p.380). 

We can return to the doctor example from above to illustrate this point as well. At first, 

doctors receive a broad education and later on, they specialize in a specific field. Clearly, 

there are different reasons for this general education. However, one aspect is the possibility 

to have a level of common knowledge to collaborate with other medical personnel. 

 

However, Grant (1996a) argues that since individuals are restricted by their cognitive 

limitations, they are not suitable integrators of knowledge. Grant discuses that by pointing 

out that because knowledge is a main production resource, the firm has to act as knowledge 

integrator for the specialized knowledge that is possessed by individuals: ”[…] the primary 

role of the firm is the integration of knowledge.” (Grant, 1996a, p.377). Tsoukas (1996) 

argues in the same direction relying on his concept of the firm as a ‘distributed knowledge 

system’. In other words, individuals need to use indeterminate and emerging knowledge but 

a single mind cannot know it all. Thus, knowledge integration mechanisms from the 

literature are Grant’s (1996b) ‘rules and directives’, ‘sequencing’, ‘routines’ and ‘group 

problem-solving and decision-making’; Grandori’s (2001a) ‘computerized networks’, 

knowledge ‘integrators’, ‘communities of practice’ and ‘teamwork’; Zollo and Winter’s (2002) 

‘tacit accumulation of past experience’, ‘knowledge articulation’, and ‘knowledge codification 

processes’; and Schmickl and Kieser’s (2008) ‘modularization’, ‘prototyping’ and creation of 

‘transactive memory’. Moreover, some authors (Huang, Newell and Pan, 2001; Kleinsmann, 

Buijs and Valkenburg, 2010) highlight the importance of achieving shared understanding in 

order to be able to integrate knowledge, or ‘trading zones’ as places for pooling and 

coordinating of ideas despite individuals distinct understanding of a task (Kellogg, Orlikowski 

and Yates, 2006). However, Enberg’s (2007b) study of NPDs counter argues as it does not 

show a correlation between shared understanding, shared meanings and knowledge 

sharing, regarding the knowledge integration processes. Others pointed to the importance of 

interpersonal relationships (Aranda and Molina-Fernández, 2002), social interaction, 

sensemaking (Hislop, 2003) and increased interaction in groups to integrate knowledge 

(Okhuysen and Eisenhardt, 2002). Despite the existence of a great number of knowledge 

integration mechanisms, the literature offers no insight on the concrete micro-level actions of 

individuals during the knowledge integration process. This concerns the actual 

transformation or synthesis of knowledge during the knowledge integration process. 

 

!  
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3.1.3. Problems with Knowledge Integration 
Contemplating the knowledge integration literature, two broad problems of knowledge 

integration can be identified; namely, uncertainty and complexity. Following, we want to 

frame these problems with a variety of theory. 

 

Grandori (2001a) describes that ‘knowledge itself’ contains complexity; namely 

computational and epistemic complexity. First, she writes: “[c]omputational complexity refers 

to the number of elements and symbols, and of the possible connections between them.” 

Grandori (2001a, p.391). Carlile and Rebentisch (2003) argue further that the core 

‘knowledge integration challenge’ is connected to the conditional nexus between different 

kinds of knowledge and the consequential complexity. Accordingly they argue that the 

complexity of knowledge integration increases “[...] as the number of dependencies between 

different groups or specialized domains increases [...]” (Carlile and Rebentisch, 2003, 

p.1182). Therefore, it can be stated that the very nature of knowledge can make the 

integration process challenging. In order to overcome this hurdle, informal communication is 

critical to integrate knowledge of computational complexity (Grandori, 2001a). Atherton’s 

(2003) analysis of the uncertainty of knowledge in small firms, as well as Brown and 

Eisenhardt’s (1997) study of continuous product innovations in the computer industry, also 

discuss complexity as a result of the amount of interacting elements. Second, Grandori 

(2001b) explains epistemic complexity as the difficulty to verify the validity of knowledge. 

The difficulty comes from the lack of understanding of causal relationships (Grandori, 

2001a) due to a lack of proportionality between actions and results (Tsoukas and Hatch, 

2001). Moreover, because of the ‘tacitness’ of knowledge, the observation is problematic as 

knowledge is only represented in the actions of individuals (Grandori, 2001a).  

 

Taking Tannert, Elvers and Jandrig’s (2007) ‘taxonomy of uncertainty’, Van Asselt and 

Rotmans’ (2002) classification of uncertainty, and Becker and Zirpoli’s (2003) study into 

consideration; we distinguish between three basic types of uncertainty which are issues 

during the knowledge integration process. On the one hand, there is epistemological 

uncertainty and on the other, ontological uncertainty and structural uncertainty. 

 

Epistemology is “the theory of knowledge, especially with regard to its methods, validity, and 

scope [...]” (Oxford Dictionaries, 2013b). Epistemic uncertainty originates in a lack or limit of 

knowledge and can be resolved by knowledge extension (Van Asselt and Rotmans, 2002; 

Tannert, Elvers and Jandrig, 2007). This kind of uncertainty can for instance occur in the 

beginning of the knowledge integration process when the level of knowledge that is 

possessed is relatively lower than later during the actual knowledge integration process. 
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Ontology is “the branch of metaphysics dealing with the nature of being.” (Oxford 

Dictionaries, 2013c). Hence, ontology deals with attributes of reality (Van Asselt and 

Rotmans, 2002). Ontological uncertainty occurs when a setting entails ‘stochastic features’ 

(Tannert, Elvers and Jandrig, 2007). Despite the possibility to use statistical methods for 

analysis, rational decision making is not possible because of random or quasi random 

probability distribution that result in different consequences (Van Asselt and Rotmans, 2002; 

Tannert, Elvers and Jandrig, 2007; Oxford Dictionaries, 2013d).  

 

Further, structural uncertainty is actually caused by scattered knowledge, and thus one of 

the reasons for knowledge integration (Becker and Zirpoli, 2003). “Under structural 

uncertainty, neither the probabilities of the different alternative choices nor all the different 

alternatives are [...] known. And they cannot be known a priori.” (Becker and Zirpoli, 2003, 

p.1038).  

 

Although the literature highlights that the knowledge integration process, as illustrated in 

figure 3, depends on ‘goals’ or ‘intended outcome’ as input variables (Berggren, Bergek, 

Bengtsson and Söderlund, 2011), even if goals exist, uncertainty can prevail. An example 

for this is when any of the uncertainties describe above can be found, as for instance, when 

knowledge integration goals are set but the actual integration does not work since the 

individual knowledge is too scattered within the organization. Moreover, Wright explains that 

“[o]rganizations today face an increasingly turbulent external environment, which is 

characterized as uncertain, ambiguous and populated by equivocal cues [...]” (Wright, 2005, 

p.86) and further states that ”[g]reater uncertainty can lead to confusion and an over-

cautiousness that paralyses organizations and their managers into inactivity.” (Wright, 2005, 

p.86). So even if goals are clear, the ‘over-cautiousness’ can influence the knowledge 

integration process negatively. 

 

 
Figure 3. The knowledge integration process. 

Source: own elaboration, based on Berggren, Bergek, Bengtsson and Söderlund (2011). 
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3.2. Sensemaking 
The concept of sensemaking is extensively defined in Karl E. Weick’s work as “[...] to 

construct, filter, frame, create facticity.” (Weick, 1995, p.14) in order to “[...] connect the 

abstract with the concrete.” (Weick, Sutcliffe and Obstfeld, 2005, p.412). It is important to 

point out, that according to Weick (1995), interpreting is not sensemaking, but an integral 

part of sensemaking. Hence, interpretation is included in the sensemaking process but does 

not cover the whole phenomenon.  

 

Sensemaking takes place in times of information load, increased complexity in possibilities 

and instability (Weick, 1995). Weick calls these situations ‘equivocal’, which we understand 

as ambiguous and uncertain situations when individuals need to undertake a meaningful 

interpretation of current circumstances resulting from their actions and based on a 

comparison with previous experiences (Weick, 1995; Weick, Sutcliffe and Obstfeld, 2005). 

Yet, the environment does not exist isolated from individuals. Rather, individuals shape their 

environment in a reciprocal influence (Weick, 1995). Weick (1995) characterizes a situation 

of ‘disruptive ambiguity’ when there is a lack of understanding of causal relationships, 

difficulties to identify the problem per se, conflicting interpretations, goals, and uncertainty 

about the future product development.  

 

For the purpose of this study, important features3 of the sensemaking process are that action 

and belief are interrelated; it takes place in form of narratives between individuals which 

actually give sense to interpretations of events; and it is a retrospective activity, even though 

it influences the future. Weick (1995) and Weick, Sutcliffe and Obstfeld (2005) argue that 

sensemaking is a central mental process to organization. Moreover, Hill and Levenhagen 

state that “[v]erbal articulation is the beginning of organization.” (Hill and Levenhagen, 1995, 

p.1071), and more importantly they argue that the ability to verbally articulate the 

understanding of a situation within a group of people is dependent on the establishment of a 

common language. 

 

One of the most known contributors to the theory of sensemaking is Karl Weick, thus he 

represents a solid foundation to our thesis. However, we want to contrast, enhance and 

complete his perspective on sensemaking with other scholars’ points of view, as well as our 

own perspective. Indeed, Helms Mills, Thurlow and Mills identified a range of weak areas in 

Weick’s framework in the form of “[...] an under focus on issues of power, knowledge, 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
3 Weick (1995) identifies seven sensemaking properties: it is grounded in identity construction, retrospective, 
enactive of sensible environments, social and systemic, ongoing, focused on extracted cues and driven by 
plausibility instead of accuracy. We understand them as intertwined throughout the sensemaking process. 
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structure, and past relationships.” (Helms Mills, Thurlow and Mills, 2010, p.188). For 

instance, the most prevailing shortcomings is that it does not consider the researchers own 

‘imposed sense’ when interpreting their observations and that the sense made of an event is 

threaded as grounded in ‘scientific knowledge’ instead of the interpretive capacity of the 

sensemaker (Helms Mills, Thurlow and Mills, 2010). Helms Mills, Thurlow and Mills propose 

to address these shortcomings by extending Weick’s sensemaking framework—the ‘seven 

characteristics’ of sensemaking—with a more ‘critical’ sensemaking that would ”[...] focus to 

how organizational power and dominant assumptions privilege some identities over others 

and create them as meaningful for individuals.” (Helms Mills, Thurlow and Mills, 2010, p.188). 

Moreover, Weber and Glynn (2006) show that the institutional context is a necessary 

element of the sensemaking process—which Weick omitted—as institutionalism is also 

involved in the action-meaning connection. 

 

Furthermore, Gioia reports that Weick’s recipe for sensemaking “how can I know what I think 

until I see what I say” (Weick, 1995, p.135) is similar to Schütz’s (1967, cited in Gioia, 2006) 

phenomenological view of the world where “people can only know what they are doing 

(actually, have been doing) after they have done it” (Gioia, 2006, p.1713). Moreover, 

Bateson’s epistemological statement that “[a]n explorer can never know what he is exploring 

until it has been explored” (Bateson, 1972, p.xvi, cited in Weick, 1988, p.305) displays 

similiarities as well. However, Weick (1995) emphasizes on the understanding perspective of 

this essential idea and conceptualizes sensemaking on the observation that meaning is 

formulated retrospectively after actions have been undertaken and interpreted: “[h]ow can I 

know what I’m seeing until I see what it was.” (Weick, Sutcliffe and Obstfeld, 2005, p.412). 

Hence, reflecting on an action, an event or a situation is achieved afterwards, once the 

individual notified the change. Weick (1995) extensively describes this phenomenon as the 

retrospective process of sensemaking.  

 

Indeed, Weick, Sutcliffe and Obstfeld (2005) write that sensemaking is especially helpful 

when continuity declines, uncertainty takes over and a search for meaning begins. However, 

under uncertainty, “[p]eople often don’t know what the appropriate action is until they take 

some action and see what happens.” (Weick, 1988, p.306). In other words, the cognitive 

action of sensemaking is a retrospective task that has to come after a practical action. 

Hence, Weick argues that what is discovered is a consequence of the act of exploration, 

where “[...] actions tends to confirm preconceptions” (Weick, 1988, p.307) from both the 

enacted environment—organizational structures, constraints and opportunities—and one’s 

field of expertise. That leaves us with a paralyzing vicious cycle: we do not know because 

we do not act and we do not act because we do not know. 
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In this context, the future-oriented practice of sensemaking becomes interesting. However, 

Weick’s framework of sensemaking is largely focused on retrospective sensemaking, leaving 

the prospective dimension of sensemaking to other authors (Helms Mills, Thurlow and Mills, 

2010). Prospective sensemaking is the engagement in ‘forward-looking thinking’ in order to 

obtain a new perception on how to ‘frame’ a problem (Selsky and Parker, 2010; Stigliani and 

Ravasi, 2012). Selsky and Parker write that prospective sensemaking can “[...] give sense 

and motivate actors to build rather than find meaning.” (Selsky and Parker, 2010, p.25) and 

Wright (2005) describes prospective sensemaking as an activity that enables one to 

construct a possible future in order to base present decisions on such a possible image. In 

other words, individuals build their future, based on their present knowledge and the 

meaning extracted from their past experiences. Prospective sensemaking is the act of 

people imagining the future by asking themselves questions like: “[...] how do you envision 

the project unfolding? What resources are you able to contribute or mobilize to make it 

happen? Cast yourself into the future: what does the project look like? What does the social 

need/cause look like?” (Selsky and Parker, 2010, p.34). Another important contribution is 

Stigliani and Ravasi’s work describing prospective sensemaking as “[...] a fundamental 

cognitive process [...] that underlies all activities associated with planning and initiating 

change in organizations.” (Stigliani and Ravasi, 2012, p.1233). Hence, to arrive at a desired 

goal, individuals imagine their future actions and retrospectively make sense of their 

consequences. So essentially, prospective sensemaking requires “[...] making sense of the 

future requires an ability to envision the future as having already occurred, i.e. to think in the 

future perfect tense.” (Gioia, Corley and Fabbri, 2002, p.622). Therefore, we understand 

prospective sensemaking as tool enabling people to anticipate actions, interpret their 

expected outcome and subsequently obtain a knowledge base to justify an appropriate 

action under uncertainty. 

 

3.2.1. Sensemaking as a Response to Uncertain Situations 
As we wrote earlier, Weick (1995) considers several general environmental determinants as 

indicators when sensemaking might be helpful. First of all, Weick (1995) mentions 

information load, in terms of ‘quantity’, ‘ambiguity’ and ‘variety’, as a sensemaking situation. 

Second, he argues that increased complexity leads to that people are more uncertain 

because more ‘elements’ interact in a greater number of possibilities, which also calls for 

sensemaking. As a third situation, he mentions instability caused by turbulence. For 

instance, Patriotta (2003) contemplates such a situation while observing sensemaking on 

the shop floor of a production plant at FIAT Auto in Italy. He describes that sensemaking is 

triggered by ‘disruptive events’ such as perturbations, interruptions and breakdowns leading 
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to moments of ”[...] puzzlement and suspense, a situation of ambiguity and disorder.” 

(Patriotta, 2003, p.370). Hence, we see the sensemaking process as a solution to the 

knowledge integration problems in situations filled with complexity, ambiguity or/and 

uncertainty. However, we focus our investigation on uncertain situations only.  

 

Moreover, in general it can be noted that “[e]xplicit efforts at sensemaking tend to occur 

when the current state of the world is perceived to be different from the expected state of the 

world, or when there is no obvious way to engage the world.” (Weick, Sutcliffe and Obstfeld, 

2005, p.409). For instance in times of crisis, individuals enter ‘chaos’ with a sudden loss of 

meaning, where they quickly have to make sense of what happened and give a meaning to 

the context (Weick, 1993). This uncertainty dimension of such a crisis, as individuals and 

team reflect on which path of actions to follow, is a feature of the situations we investigate, 

and consequently define thereafter. 

 

First of all, we want to emphasize on a fundamental statement: uncertainty and risk are not 

synonyms and therefore describing two fundamental different situations (Alvarez and 

Barney, 2005). According to Knight (1921) risk is measurable—in terms of probabilities and 

consequences—and uncertainty is not. Let us illustrate this with an example. When playing 

poker, one knows the rules of the game, the number of cards in the deck and the number of 

players involved. Hence, the probability of the possible card combinations can be 

determined, based on the cards at hands. Thus, one knows the risk taken and the 

consequences associated with a bet at a certain moment of the game. On the other hand, 

uncertainty is rather when one does not know which game is played, what the rules are, the 

type and number of cards used and who else is actually part of the game. In these 

conditions, it is not possible to measure the possible outcomes nor their probability to occur 

and their consequences. In our research, the game played describes the industry, the rules 

represent the influence from the environment—in political, economic, social, technological, 

ecological and legal dimensions—, the number of cards illustrates the technical feasibility 

and the other players embody the market incumbents. In other words, this thesis focuses on 

uncertainty and not risk.  

 

Furthermore, Weick (1995) writes that uncertainty is characterized by the absence of 

interpretation; it is a state of ‘ignorance’. Similarly, Burns and Stalker understand uncertainty 

as “[...] the ignorance of the person who is confronted with a choice about the future in 

general, and in particular about the outcomes which may follow any of his possible lines of 

action.” (Burns and Stalker, 1994, p.112). Moreover, Thompson (1967) notes that 

uncertainty occurs since the company has only limited resources to assess the 
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‘consequences’ and ‘alternatives’. Galbraith (1973) argues for uncertainty as ‘information 

deficit’ and Knight (1921) writes further that uncertainty is a phenomenon observed in 

separate situations whereas the sum of these distinct situations decrease the level of 

uncertainty, as a result of the increasing amount of information available through similar 

situations. Therefore, we understand uncertainty as a lack of predictability regarding the 

future which is reduced by experience. In line with this, Weick (1995) writes that in order to 

resolve uncertainty, more information is needed. However, Van Asselt and Rotmans’ view 

on uncertainty is that “[...] uncertainty is not simply the absence of knowledge. Uncertainty 

can still prevail in situations where a lot of information is available. Besides, new information 

can either decrease or increase uncertainty.” (Van Asselt and Rotmans, 2002, pp.77-78). 

Eventually, we characterize uncertainty in terms of the clarity of choice, meaning the 

awareness and certitude regarding the future, rather than by the amount of knowledge 

available per se. Hence, we see the sensemaking process as a solution to reduce this 

uncertainty and enable individuals to stabilize their future since “[i]n an unstable world, what 

people need is some sort of stability. Behavioural confirmation allows them to enact a small 

pocket of stability and then to work outward from there.” (Weick, 1995 p.153). However, in 

order to understand what drives this instability, we need to identify the origins of uncertainty. 

 

In the contingency literature, authors established organizations as ‘open systems’ 

(Thompson, 1967) influenced by both internal and external factors (Lawrence and Lorsch, 

1967; Thompson, 1967) where individuals making decisions have to take into consideration 

the uncertainty resulting from their environment (March and Simon, 1958). To evaluate this 

challenge, one has to look into technology and environment as the major sources of such an 

uncertainty (Burns and Stalker, 1961; Lawrence and Lorsch, 1967; Thompson, 1967; 

Perrow, 1970). To start with, technological uncertainty indicates the difficulty to 

prognosticate technological and industry developments due to complicated selection 

process of standards and dominant design (Grant, 2010). More detailed, Olausson and 

Berggren (2010) refer to technological uncertainty as the ‘degree of novelty’ and the ‘rate of 

change’. On the one hand, even though it is an intentional choice, the degree of novelty of a 

NPD project “[...] can be seen as due to the mutation of the external environment, in terms, 

for instance, of technology, competition, customers’ needs or regulations.” (Bartezzaghi, 

Corso and Verganti, 1997, p.119) which contributes to the technological uncertainty. Indeed, 

Carlile and Rebentisch (2003) argue that market needs can require the use of new 

technologies which the organization lacks experience with, “[...] where theoretical or 

practical knowledge of scale and other experimental effects is limited, it will be virtually 

impossible to predict how the process tested in the laboratory will work when run under 

actual operating conditions.” (Pisano, 1996, p.1104). On the other hand, technological 
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uncertainty also becomes greater when incremental changes are punctuated with 

technological breakthroughs (Tushman and Anderson, 1986). It is clear now that NPD-

based firms are likely to be subject to technological uncertainty, but not only.  

 

As stated earlier, uncertainty can be present on different levels within and outside the firm’s 

boundaries, the so-called environmental uncertainty. Our research calls for understanding 

the firm as an open-system as defined by Thompson (1967). Since uncertainty is created 

through a cause and effect relationship comprising the firm and its environment, the firm 

interacts with its environment (Thompson, 1967). Weick (1995) also argues that the 

environment does not exist isolated from people. Therefore, people shape their environment 

with their actions and vice versa. This interaction is also recognized by Wright who defines it 

as “[...] a continually evolving dynamic phenomenon subject to constant unpredictable 

change” (Wright, 2005, p.90). Moreover, the firms’ environment also refers to the market 

itself wherein Olausson and Berggren (2010) distinguish two components: ‘market 

turbulence’ and changes in customer requirements. All in all, organizations face uncertainty 

from their technological orientation, as well as their environment. We are confident that 

sensemaking is a tool to deal with uncertainty. Yet the process of sensemaking needs to be 

detailed, to be able to analyze how do individuals “[...] buffer the effects of uncertainty by 

developing structure and routines, building a 'cocoon of certainty' to shield themselves from 

the complexity of life.” (Merry, 1995, p.128 cited in Brashers, 2001, p.484), and make sense 

when they integrate their individual knowledge in such uncertain situations. 

 

3.2.2. How does Sensemaking work? 
Patriotta observes sensemaking as similar to a police investigation where people “[...] collect 

clues and reconstruct the facts” (Patriotta, 2003, p.363) through questioning as well as 

investigating evidence. However, the sense in sensemaking does not mean existing and 

real, it rather means in line with goals and supported by observations; even though they 

might be limited and misleading (Weick, 1995). Hence, Weick (1995) writes ‘plausibility’ 

should be favored over ‘accuracy’, since (a) the mass of data needs to be filtered, (b) if a 

plausible action comes quick enough it changes the environment and an accurate action is 

no longer applicable and (c) sensemaking is not the quest for the true truth but the 

anchoring of a ‘single point of reference’ (see Weick, 1995 for further explanations). 

Because sensemaking does not seek the universal truth grounded in empirical observations, 
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it can be regarded as anti-positivistic, as different interpretations of the same event can take 

place and all of them are potentially correct4.  

 

Moreover, Weick (1995) writes that sensemaking is a social process whereas individual 

parts of sensemaking contribute to the collective sensemaking process. Wright confirms this 

by pointing out that “[...] although sense is individual, it is created through social interaction.” 

(Wright, 2005, p.91). Consistent with this, Orton states: “[s]ensemaking is defined here as 

the gradual development of a loose agreement among organization members about how to 

link a stream of events [...].” (Orton, 2000, p.231). Thus, individual sensemaking is a 

moment in the collective sensemaking process and that is why our study focuses on 

individuals’ communication during that process.  

 

Notwithstanding, Weick (1995) argues that multiple meanings are possible and that is why 

sensemaking is needed, to sort out the confusion created by a vast amount of different 

interpretations. However, Helms Mills, Thurlow and Mills underline that Weick does not 

explain how the sensemaking of a single ‘event’ can lead to diverging, multiple meanings 

and they point out that organizational rules have influence as a ”[...] pre-existing 

sensemaking tool that contributes to the plausibility of an interpretation or the likelihood of a 

cue to be extracted as meaningful.” (Helms Mills, Thurlow and Mills, 2010, p.190).  

 

Eventually, Weick (1995) describes sensemaking as a combination of belief-driven and 

action-driven processes. Indeed, sensemaking can either start with a belief or with an action. 

Weick (1995) explains that both processes have a reciprocal connection and hence precede 

or succeed one another. Yet, sensemaking has no beginning and no end (Weick, 1995) and 

Wright presupposes: “[a]s sensemaking never ends (or begins) sense is not constructed, but 

is always in the process of construction.” (Wright, 2005, p.91). People start to make sense 

with which of the two—the belief or the action—is clearer to them (Weick, 1995). The figure 

4, on the next page, illustrates this perpetual process of sensemaking and the interaction 

between the belief-driven and action-driven processes of sensemaking. Building upon our 

phenomenon of paralysis, we are convinced that NPD project teams start with the belief-

driven process of sensemaking, as their action is not clear to them. Subsequently, we focus 

only on the belief-driven process, thereafter. Arguing and expecting are described as at 

least two possible belief-driven processes whereas committing and manipulating are the 

equivalents on the action-driven process.  

 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
4 For positivism and anti-positivism discussions, see Van Asselt and Rotmans (2002). 
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Figure 4. The sensemaking process. 

Source: own elaboration, based on Weick (1995). 
 

Weick writes about the belief-driven process of sensemaking as “[…] believing is seeing. To 

believe is to notice selectively.” (Weick, 1995, p.133). Hence, people are “[…] checking with 

one another, if that is possible, knowing that the sense they have created is transient and 

can collapse at any moment.” (Weick, 1995, p.133). In other words, the individuals’ prior 

conceptions and expectations dictate both their actions and their interpretations of events. 

This is in line with Hill and Levenhagen’s behavioral study on the use of metaphors as 

mental models for entrepreneurs, where they found out that “[t]hrough action, 

entrepreneurial individuals can test and confirm beliefs about the technological, market and 

economic feasibility of a commercial concept.” (Hill and Levenhagen, 1995, p.1071).  

 

LaChapelle (2008) writes that the purpose of arguing is to ‘adapt’ to divergent beliefs by the 

extension of meaning through opposition of these contrasting beliefs. Such an opposition 

can be recognized during the social interaction of individuals through communication. 

Hereby, it has to be noted that data and facts are ‘strong arguments’ which are favoured by 

people during discussion, since they provide greater reliability regarding the information 

communicated, than arguments only supported by pure opinion (Mercier and Sperber, 2011). 

Hence, Mercier and Sperber emphasize that ”[c]ommunication plays an obvious role in 

human cooperation both in the setting of common goals and in the allocation of duties and 

rights.” (Mercier and Sperber, 2011, p.60) and stress further the importance of arguing 

during social interactions as “[a]rgumentation is uniquely effective in overcoming 
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disagreements that are likely to occur, in particular in relatively equalitarian groups.” 

(Mercier and Sperber, 2011, p.60).  

 

This complies with Weick’s social aspect of arguing as he describes “[…] arguing as 

interaction […] that routinely occurs in meetings […]” (Weick, 1995, p.140) and further states 

that “[…] most arguments take place in organizations, namely meetings.” (Weick, 1995, 

p.142). However, Weick does not specify how organizational members argue during these 

meetings. We recognize Mercier and Sperber’s statement that “[…] reasoning should 

produce its best results when used in argumentative contexts, most notably in group 

discussions.” (Mercier and Sperber, 2011, p.61) as it corroborates that arguing is a social 

phenomenon, but they do not describe how meaning is created during these group 

discussions.  

 

Although Evans and Over recognize “that consciousness gives us the possibility to deal with 

novelty and to anticipate the future” (Evans and Over, 1996, p.154) we want to point to 

Weick who states that: “[p]eople can use arguments and argue their way to sense only when 

the world is relatively stable and reasons can be expected to hold true for the future. Arguing 

in a world where no one is certain what is happening or what will happen next is fruitless, 

although is may be soothing.” (Weick, 1995, p.153). Such a stability—LaChapelle (2008) 

describes—can be achieved through expecting which is the process that is geared towards 

‘stabilizing’ the world of the actor by the combination of meaning in a state of flux. Hereby, 

meaning is constructed through an iterative cycle where expectations are justified against 

cues (Weick, 1995). Although diverging cues are tested against the expectation, ‘accurrancy’ 

is not the aim but rather a state of certainty and persistence when expecting in an unstable 

environment (Weick, 1995).  

 

However, it needs to be noted that “[...] expectations are more directive than are arguments. 

Because expectations operate with a heavier hand, they tend to filter input more severely, 

which raises a host of issues concerning accuracy, error, and the limits of social 

construction.” (Weick, 1995, p.145). Hence, expectations can become critical when they are 

not used to envision the future but wish for a certain future. In other words, when wishful 

thinking instead of probability guides the process of expecting, expected results and actual 

results can heavily diverge.  

 

Eventually, we comprehend the belief-driven process of sensemaking, as depicted in figure 

5, on the next page, as a mean to stabilize the environment, through expecting and arguing. 

However, the question remains, how do people communicate when they argue and expect?  
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Figure 5. The belief-driven process of sensemaking. 

Source: own elaboration, based on Weick (1995). 
 

A final missing perspective in Weick’s sensemaking theory is the existence of unbalanced 

hierarchical power of the different sensemaking participants that is not thematized (Helms 

Mills, Thurlow and Mills, 2010). Indeed, managers and CEOs can make sense of events in a 

different manner than other lower ranked stakeholders (Gioia and Chittipeddi, 1991) and 

further research is needed on the key role of power in sensemaking (Maitlis and Sonenshein, 

2010).  

 

Further, Gioia and Chittipeddi (1991) argue that in organizational settings subject to 

change—and thus, of uncertainty—sensemaking is sequentially followed by ‘sensegiving’: 

the ”[...] process of attempting to influence the sensemaking and meaning construction of 

others toward a preferred redefinition of organizational reality.” (Gioia and Chittipeddi, 1991, 

p.442). Their study shows that a cycle between understanding-cognition and influencing-

action take place between the top management and the employees (Gioia and Chittipeddi, 

1991). Thus, individuals having made sense of a new situation, try to influence others in 

their own sensemaking process, so that they arrive to the same understanding. 

Organizational leaders making use of their formal authority and high levels of sensegiving 

induce highly ‘controlled’ sensemaking processes—e.g. scheduled meetings with restricted 

attendance—; however, lower levels of sensegiving lead to less controlled sensemaking 

processes with fewer mechanisms (Maitlis, 2005). In other words, authority plays an 

important role by influencing the sensemaking processes taking place within a team. 

Individuals higher in the hierarchy, can communicate their view of a new situation to make 

individuals lower in the hierarchy adopt it. This sensemaking-sensegiving is pictured as a 
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loop because of the feedback exchanged between the two parties (Gioia and Chittipeddi, 

1991). Yet, Gioia and Chittipeddi (1991) and Maitlis (2005) propose a macro-level study of 

the cycling phenomenon but do not offer a micro-level study, where individuals’ 

communication would be analyzed to show how they make or give sense. 

 

3.3. Analytical Framework 
Considering the knowledge integration literature it becomes clear that despite practical and 

theoretical research, the knowledge integration process has not been explored in details. It 

is established that the input to the knowledge integration process is individual knowledge in 

various forms, as for instance skills or experiences. Its output is integrated knowledge, either 

in an intangible form of collective knowledge, such as a common idea, or in a tangible form 

such as when embedded in an artifact. However, the literature states little about the 

transformation during the knowledge integration process in general. Especially, the 

transformation part of the knowledge integration process under uncertainty can be regarded 

as a black box. No one knows what happens.  

  

In order to shed more light on this part of the knowledge integration process under 

uncertainty, we propose to look at it from a sensemaking perspective. Subsequently, we 

combine Weick’s (1995) belief-driven sensemaking process, namely the mechanisms of 

expecting and arguing, with the knowledge integration process. The resulting analytical 

framework is displayed in figure 6 on the next page.  
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Figure 6. Analytical framework. 

Source: own elaboration. 
 

As mean of analysis, both mechanisms are used to contemplate and analyze how these 

sensemaking mechanisms facilitate the engineers to integrate their knowledge. Hence, 

expecting and arguing can be seen as twin mechanisms to stabilize and adapt the 

environment of the knowledge integration participants. 
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Chapter 4. Empirical Data 

4.1. Development of a Steam Turbine 
The study conducted takes place in particular settings that are described in the following 

sections. First, a description of the electric power industry at a glance is given to situate 

PowerCo and its challenges. Second, we present PowerCo and its organizational approach. 

Third, the NPD project of the steam turbine is reported as of its members and guidelines. 

Fourth, we describe what happened before the meeting. Unless stated otherwise, all these 

background information come from Cecilia Enberg’s (2007a) PhD dissertation. 

 

4.1.1. Background Information 
Among different methods to produce electricity, steam turbines are the most used source of 

power since its invention in the nineteenth century (Smith, 2001). As steam turbines can be 

operated by natural gas, coal, wood, agricultural byproducts, or other various solid wastes 

(Energy and Environmental Analysis, 2008); it creates a certain flexibility of use. Within a 

steam turbine, the turbine boiler heats water to convert it into high-pressure steam, which 

causes the rotor blades to turn. By doing so, the steam is then exhausted. Eventually, the 

turbine rotor transforms this thermal energy into mechanical energy, which is subsequently 

converted into electricity through the electric generator. The water left over is then re-heated 

to steam which is used again at a lower pressure. In fact, steam turbines can work with low 

pressure (henceforth, LP), intermediate pressure or high pressure (Hansen, 2007). Steam 

turbines range from small models—30 megawatt—used in industrial production to large 

models—400 megawatt or more—used in power plants. These plants can use steam 

turbines only, or combine them with gas turbines (Hansen, 2007). In the latter case, there is 

a greater need for operational flexibility. 

 

PowerCo is a turbine manufacturer with its headquarters and R&D department in 

Switzerland but its marketing, engineering, manufacturing, and sales departments are 

located elsewhere in the Europe. The company manufactures steam turbines sold in the U.S. 

and Europe. However, PowerCo suffers from a lack of competitiveness in a shrinking market 

(Peltier, 2002). Thanks to technological improvements, the industry manufacturers improved 

the efficiency and long-term reliability and reduced the operating costs of the turbines by 

changing their designs (Smith, 2001; Blankinship, 2007). In 2001, PowerCo decided to 

develop a new LP steam turbine, to compete with the other manufacturers and target the 

growing Asian and African markets (Lucintel, 2012). However, the customers’ requirements 

shift from efficiency and serviceability in the West towards low initial costs and sustained 
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customer relations in the East. This leaves PowerCo with a complex task: follow-up with the 

market changes in a technology-savvy and competitive industrial environment. That is why a 

NPD project has been created. 

 

The objective of the project is to develop from scratch, a new low pressure steam turbine 

answering the market requirements: efficiency and cost reductions. During a workshop 

aiming to define ‘shared interpretations about the product’ as of goals, standards and 

practices; more precise targets are set: a large 50/60Hz LP-module and less than 15% 

increase in blade costs. To do so, the project team intends to increase the exhaust area and 

to enhance the blade technology by designing a new ‘last stage blade’ (henceforth, L-0) and 

a new ‘penultimate stage blade’ (L-1). A set of guidelines is respected through ‘action-lists’ 

and process charts with required activities and expected outcomes for each project stage. In 

the figure 7 below, the six stages are presented and emphasis is put on the stage which the 

empirical data are drawn from. 

 

 
Figure 7. The project phases. 

Source: own elaboration, based on Enberg, 2007a, pp.122-124. 
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At PowerCo, projects are supervised by a steering committee, which sets priorities, budget, 

deadlines and approves technical solutions, before releasing the projects to their next phase. 

The steering committee's main concern with the turbine project is the trade-off between 

improving the overall efficiency and remaining competitive in terms of costs. Indeed, the 

challenge for the engineers is to use components based on completely new technology with 

which they have no experience. All project members have similar educational background—

mechanical engineering or turbomachinery degrees—but they are highly specialized in one 

domain of expertise. For instance, Mechanical Integrity (henceforth, MI), Aerodynamic 

(henceforth, Aero), blade design, design layout and testing. The team is composed of a 

project manager and a sub-manager who are also respectively responsible for the turbine 

design and the flow path design; a leader for the Aero-group; a leader for the MI-group; 

expert engineers; and peripheral individuals who are assigned ‘work packages’ on a short-

term basis related to one or the other group. “When asking project members what it takes to 

develop this new steam turbine, they emphasize that they have to be ‘real experts’, however, 

at the same time being able to ‘talk the same language’.” (Enberg, 2007a, p.128). Indeed, 

project invitees can execute simple work on (a) cycle, blade design and support, related to 

the flow path design; (b) design layout, detail design and MI, related to the turbine design or; 

(c) testing. To do so, the work packages designed by experienced members contain for 

instance: background documentations, expected documents and results, amount of work, 

starting date, due date. The project members who are relevant to our study are presented in 

the figure 8, on the next page. 

 

Regarding the project objectives, the Aero-group is more concerned with efficiency whereas 

the MI-group deals with risk aspects. Hence, “[...] it is sometimes suggested that aero and 

MI represent ‘different worlds’.” (Enberg, 2007a, p.127). Eventually, a lot of meetings are 

organized to support the project: e.g. general meetings on a monthly basis with all project 

members to inform on the project’s status and progress and specific Aero/MI project 

meetings held weekly with only the project members concerned with the meeting’s agenda. 

Our study focuses on one of the latter. 
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Figure 8. The LP steam turbine project members. 

Source: own elaboration, based on Enberg (2007a). 
 

These meetings only invite project members working with aerodynamic and mechanical 

integrity issues on the flow path design. In fact, one Aero- and one MI-representative are 

teamed-up to work together on the flow path design. Then a certain pattern is followed 

during such meetings: 

a) everybody inform about their own work, e.g. calculations or results; 

 b) the action-list is updated in consequence; 

 c) what has been done and what needs to be done is discussed; 

 d) new tasks are added to the action-list; 

 e) summary of the important decisions of the meeting. 

 

In November 2002, project members work on four different alternatives of flow path designs: 

classical, classical+, advanced and advanced+. Consequently, the concepts of the rotor 
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blades L-0 and L-1 depend on the flow path design that will be chosen. However, some 

alternatives rely on technologies which PowerCo and project members do not have 

experience with. Thus, the team does not know which alternative will be successful, and 

thus, which ones to drop out. Project members usually plan testings, calculations and 

computations in between two weekly meetings progress to gather more information.  

 

4.1.2. The LP steam turbine project meeting, November 21st, 2002. 
As stated earlier, the meetings follow a certain pattern. The meeting held on November 21st, 

2002 is used by project members to present the work realized during the week, discuss how 

to improve the situation and get closer to their goal by putting tasks on the action-list. In 

details, here is what happens during the meeting.  

 

First of all, Simon opens the meeting by informing the others about his calculations on the 

contact height for the L-1 blade. Consequently, Lukas, Arno, Urs, Leonard and Nikolaus 

discuss the implications of Simon’s results for the frequency variations, the overall design of 

the blade and the designs of the turbine’s flow path. Afterwards, Urs, Dominik and Lukas 

converse about what ‘statement’ to write on the action-list, in relation to their discussion on 

the various channel designs. Eventually, Urs closes the debate on the L-1 blade and discuss 

with Lukas what happened previously regarding the L-0 blade. Accordingly, Simon presents 

his work on the frequencies of the L-0 airfoil, using a graphical illustration. Valentin, Lukas, 

Leonard, Urs and Nikolaus comment on Simon’s update and compare his results with 

previous blade’s design from PowerCo. Suddenly, some of them switch to German for a 

short while until they realize they are all listening anyway and come back to a discussion in 

English. At some point, Urs states that the team should further investigate the causal 

relationship of the L-0 blade and the diameter. Thereafter, the conversation continues on the 

similarities between the double liaison and the single liaison regarding Simon’s frequency 

analysis. Subsequently, they add two tasks—namely, calculations on the snubber position 

and the mass variation of the blade L-0—on their action-lists for the next week and discuss 

when they could add a third task—a Finite Element calculation. 

 

Following that, Lukas, Valentin, Nikolaus, Urs and Arno deliberate on the design of the airfoil 

and how the blade should be scaled. Then, the team decides that Leonard, Lukas and Franz 

should sit together after the meeting to plan how and when to make a new blade design 

corresponding to their calculations. Next, Urs and Lukas talk about a MI decision vis-à-vis 

the blade being simply or doubly coupled; which brings Leonard to inform the rest of the 

team about his analysis on aerodynamic computations, which he demonstrates with the help 
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of figures. It raised questions in the room, which Lukas, Urs, Dominik and Leonard discuss 

for a while until Arno presents his measurements on erosion matters. It subsequently leads 

the team members to more deliberations on the wetness problems in relation with the axial 

distance possibilities and the designs of previous blades at PowerCo. Urs ends the dialogue 

by asking Lukas to provide a new statement for the action-list in order to continue forward. 

Thus, Lukas explains to Dominik and Urs why he cannot do that, which makes Urs think that 

they should have a separate dedicated meeting on that matter. Lukas, Valentin, Urs and 

Nikolaus talk about this erosion issue for a while until Urs closes the meeting by reminding 

the team about a few tasks on the action-list. 

 

The figure 9 below is a timeline of what occurs during the meeting, providing a summary by 

separating the project team’s verbal communication within three explicit categories:, 

discussing, informing and planning. 

 

 
Figure 9. The meeting timeline. 

Source: own elaboration. 
 

4.2. Development of Hybrid Systems 
Looking at the powertrain development within the automotive industry between 1900 and 

2000, a picture of only incremental improvements becomes evident (Magnusson and 

Berggren, 2011). And yet, the first mass-produced hybrid vehicle was the Toyota Prius I in 

1997 (Magnusson and Berggren, 2011). A hybrid vehicle differs from traditional vehicles 

because of its power train system, which contains a traditional combustion engine and one 

or several electric motors. Even though a discontinuity has long been expected by experts 

(Magnusson and Berggren, 2011), the hybrid powertrain in Toyota’s car was still an 

impressive product for an industry with a continuous innovation pattern and a strong 

commitment to dominant design regarding a central part of their product (Dijk and Kemp, 

2010). 

 

In light of this, the current state of competition and innovation in the automotive industry can 

be described as being in a ‘period of creative accumulation’ whereas the competitors are 
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mostly incumbents coping with new technological development by integrating established 

knowledge—the internal combustion engine—with new arising knowledge—the electric 

engine and other electronic components such as the batteries and the control system 

(Bergek, Berggren and Magnusson, 2011). Even though the global automotive industry is a 

mature market, the manufacturers cannot predict and control the market nor can they 

forecast complex technology paths. 

 

Historically, professional customers in the heavy vehicle segment have been more 

demanding than in the private customer segment, which makes technological developments 

even more difficult (Bergek, Berggren and Magnusson, 2011). Even though, a market study 

forecasts a 63% annual growth rate for hybrid trucks and buses with more than 100,000 

vehicles sold in 2015 (Navigant Consulting, 2010), the hybrid bus sector is an absolute 

niche market and its few customers have very high requirements on fuel efficiency, material 

sturdiness and total operating costs (Sushandoyo, Berggren and Magnusson, 2010; Bergek, 

Berggren and Magnusson, 2011). Under these conditions, Scania launched a peripheral 

hybrid bus project—different from their usual NPD projects—that was later integrated back 

into the organization.  

 

4.2.1. Scania 
Scania AB is a Swedish truck and bus manufacturer, founded in 1891 in Södertälje, Sweden. 

Although the organization has different production plants in Europe and Latin America, the 

head office, as well as the R&D department, remained located in Södertälje. According to Dr. 

Nils-Gunnar Vågstedt, Scania’s head of the Hybrid Systems department, Scania has always 

been focused on innovations; the R&D department is composed of 3500 persons. A typical 

project at Scania has four different phases separated with investment gates: the Research 

phase, the Advanced Engineering phase, the Concept Development phase and the Product 

Development phase—with their respective lengths depending on the project nature. In the 

early stages of a NPD project, the research and advanced engineering phases aimed to 

assess whether it is possible to convert an idea into a finalized 'Scania product'. Moreover, 

every component is designed with a standardized interface, which allow them to be 

assembled together, whether the product is a bus or a truck, and tailored to the customer 

requirements. Vågstedt mentioned this strategy as Scania's 'modular toolbox'. Each project 

team is dedicated to one part or components, which are then integrated in the complete 

vehicle.  
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Vågstedt: It's easy to make prototype, you just take a truck and if there seems 

to be a free-area over here, you mount it on! [laugh] No problem. But to make 

the full product, you get into this complexity. Introduce new things is really a 

hurdle. The benefits of that, is when you really meet the interfaces. Then you 

know that: "OK, from Day one, when this is all done, I can make all the trucks, 

all the busses." 

 

The employees already have experience when they join a research team. However, when 

they face a problem of knowledge deficiency, they get involved in other research programs, 

with academia, centers of competences, they talk to suppliers, go to conferences, etc. or as 

Vågstedt put it: "[the experts] harvest knowledge from outside [...]". Moreover, each 

individual is involved in several different projects or activities during the same time period, 

only dedicating e.g. four hours a week to a project in particular. 

 

4.2.2. A "strong project" 

Since the 1980s, Scania conducted experimentations such as alternative fuels tests—e.g. 

fuel-cell—, series and parallel configurations of hybrid power trains, in order to accumulate 

knowledge about the different technologies as the organization does not commercialize 

hybrid vehicles (Sushandoyo, Berggren and Magnusson, 2010). Eventually, the department 

of hybrid systems development was created when an internal study considered the 

economic, market and technological conditions to be promising enough—compared to 

earlier similar assessments following a postponement strategy, until the components were 

determined as mature. At first, there was a small team of highly experienced and motivated 

engineers who have been working with system development at Scania: 

 

Vågstedt: I think we were three to four people involved. Actually very small in 

the beginning. So then, we formed this department and started to hire people... 

or move people internally. Most of them, into this "set up"—which you actually 

see today. It was actually set up by experienced experts from different parts of 

the company. 

 

All of these individuals had previous experiences in different engineering disciplines such as 

electric machines, power electrics, batteries, etc. The hybrid department has not all the 

knowledge to build the whole vehicle as they collaborate with other departments such as the 

combustion engine, the gearbox, the chassis, the axles, etc. As a consequence, Vågstedt 
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argues that it is complex to innovate, as one new component must respect certain norms of 

compatibility with the rest of the components: 

 

Vågstedt: Everything is much more complex now! It involves much more... 

The hybrids and the power electrification, that's examples where it takes it to 

its extreme. It involves all departments. 

So the question, who then decides? Well, as I said, this has been a hurdle 

when you come with these new things. Already from the beginning, we were 

very close to the project management team. We saw that we need some 

strong project to make this happen. Stronger than other... sort of things that 

could happen more in isolation, more autonomous. The project is unusually 

strong, I should say, in introducing hybrids. Scania-wise. 

 

This 'strong project' refers to the hybrid systems department where 25-30 persons have “the 

complete mindset of what is needed to do”, even though they are not responsible for 

everything. Indeed, they also have a steering committee composed of representatives from 

several departments, e.g. development, marketing, etc. 

 

Vågstedt: Everyone has a boss. [laugh] Actually, it's like that: everyone has a 

boss that can come in and say "Stop boxing. You're the winner." [laugh] but 

it's seldom like that at Scania. You have to come to an agreement jointly. To 

come to a joint understanding of this. "Continue to box!" [laugh] 

 

Further, Dr. Vågstedt mentions that arguing and motivating choices is important within the 

project, as there are tasks, which need the combination of different departments. As for 

instance, the integration between the hybrid systems development core team and engineers 

from another department responsible for a specific component: 

 

Vågstedt: They can ask us: "How could you come up with an electric machine 

here?" and then we argue. Sometimes it says "Yeah! you're right." Or from our 

side "It shouldn't be there. It should be somewhere else." So it's from both 

sides. 

 

In order to better collaborate, as well as argue, the social aspect of collaboration is pointed 

out as an important factor in the early project phases. At Scania, the social aspect of 

collaboration is realized through the collocation of engineers. In other words, engineers that 

have to work together and integrate their knowledge are physically located at the same desk 
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for a substantive amount of their working hours. Dr. Vågstedt states that the time of 

collocation is the time where the engineer can communicate and argue intensively.  

 

Vågstedt: [...] The way we're doing it: we try to put people in rooms together, 

like put them physically located to each other [...] 

 

Eventually, Dr. Vågstedt mentions that Scania is highly customer-driven. The engineers 

know what characteristics the final product should have, from the customers’ requirements. 

Thus, the team has expectations regarding the performance of their potential technical 

solutions. It helps the engineers to pick possible new components from suppliers and 

subsequently test their expectations against reality by doing simulations and analyzing their 

results. 

 

Vågstedt: During all these phases, we are doing analyses of the 

performance. "Is it matching what we expect?" [...] 

 

Finally, Dr. Vågstedt points out that this method of working mainly goes throughout the first 

project phases: the experts execute tests and build prototypes in an attempt to reduce the 

risk of having ‘surprises’ in the later project phases. 
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Chapter 5. Empirical Analysis 

5.1. NPD Projects as Open-Systems 
Thompson (1967) argues that organizations are open-systems influenced by, and 

influencing their environment. NPD projects follow the same rules. Indeed, Dr. Vågstedt 

mentions environmental uncertainty as affecting NPD projects, as for instance, Scania’s 

development of a hybrid powertrain. The technology is highly unstable when it comes to 

electrical components of the batteries and the potential customers of the future buses or 

trucks change their requirements, for example because of E.U. regulations. Yet, the expert 

engineers in the project team have to integrate knowledge in these specific uncertain 

conditions. That is why they collaborate thoroughly through a communication-intensive 

mechanism, which is collocation. Similarly at PowerCo, the NPD team has numerous 

regular meetings, which enable an inclusive collaboration between the experts.  

 

PowerCo’s decision to take on the turbine development project was mainly driven by the 

wish to focus their attention towards the growing Asian and African markets, which were 

regarded as more profitable in the future. This shift in target market, however, comes with 

different market needs and requirements, which have not been taken into consideration 

beforehand. The turbine manufacturers saturated the U.S. market, which led the Asian 

market to mutate their requirements towards cheaper products and more stable customer 

relationships. Market uncertainty was largely due to the fact that PowerCo was unfamiliar 

with these market needs. Subsequently, it can be noted that this shift from Western to 

Eastern markets required PowerCo to use new technologies, which they had no previous 

experience with. According to Carlile and Rebentisch (2003), this can be seen as causing an 

increase in technological uncertainty. Moreover, the fact that the team members did not 

know how to design a LP turbine, as they were only manufacturing other types of turbines, 

shows that they were limited in their knowledge. Hence, PowerCo was facing 

epistemological uncertainty (Asselt and Rotmans, 2002; Tannert, Elvers and Jandrig, 2007). 

So, the project members could not break down the goal into a set of knowledge integration 

steps. Instead, they first had to extend their knowledge (Van Asselt and Rotmans, 2002; 

Tannert, Elvers and Jandrig, 2007).  

 

Within the LP turbine project team, each individual was specialized in one specific domain of 

expertise and each of them had different backgrounds including working on previous models 

of turbines at PowerCo or not. In other words, they all had unique highly specific skills and 

previous experiences, which is a representation of individual knowledge as pointed out by 
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Cook and Brown (1999) and Cecez-Kecmanovic (2004). This caused a structural 

uncertainty regarding which solutions are feasible since not all possibilities were identifiable 

from the start and knowledge was scattered among a number of experts (Becker and Zirpoli, 

2003), which has to be solved through knowledge integration. Although the project members 

were all highly specialized in their specific domain, they are all engineers, which led them to 

work in a similar way e.g. in doing calculations, using a specific engineering vocabulary and 

abbreviations, etc.; this is respectively defined by Demsetz (1991) and Nonaka (1994) as 

common knowledge or the ‘best’ approach to problem-solving. Moreover, during the first 

project workshop kick-off in 2001, common knowledge was developed, in the sense of 

shared interpretation of the project goals, standards and practices. In other words, the 

experts possess a shared understanding as well as common beliefs and meaning, defined 

as common knowledge (Grant, 1996b; Arlanda and Molina-Fernandez, 2002). Further on, 

together as a team, the project members established a unique goal, performance targets—a 

large 50/60Hz LP module and less than 15% increase in blade costs—and a common idea 

of what the finished LP turbine should look like. This collective knowledge would have been 

different with another team composition (Okhuysen and Eisenhardt, 2002; Cecez-

Kecmanovic, 2004; Grant, 2010; Roussel and Deltour 2012). 

 

Eventually, the LP-Turbine project witnesses different kinds of knowledge. The different 

experts, members of the project team, not only need to share their individual knowledge, but 

they have to go beyond and integrate all their knowledge in order to create a new turbine 

design (Grant, 1996b; Okhuysen and Eisenhardt, 2002). However, structural uncertainty is a 

major obstacle to knowledge integration (Becker and Zirpoli, 2003), which has to be 

overcome. 

 

5.2. Knowledge Integration under Uncertainty 
During the project meeting at PowerCo, we identified that the team inform, discuss and plan. 

Following this pattern, we continue our analysis by starting to explore how the project 

members inform each other. 

 

5.2.1. The meeting: A place to inform each other 
During every meeting, an action-list is compiled which specifies who has been assigned to a 

task, what that task includes and when the results are due. Then, in between the meetings, 

the project members work on their assigned task and during the following meeting, they 

present their results to the rest of the team. For instance, in the beginning of the meeting, 
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Simon briefs his colleagues on his contact height calculations for the penultimate stage 

blade (L-1). Moreover, Simon shows his frequency calculations on the last-stage blade (L-0) 

and Leonard displays his aerodynamics’ computations. At this, most of the engineers use 

graphs, diagrams or sketches as a support to their work résumé and to exemplify their 

results; which represent certain kind of data and information gathered since the last meeting 

(Jashapara, 2004; Zins, 2007). Furthermore, these illustrations can be regarded as the 

explicit representations of the individual knowledge: the skills of the engineers. They are 

explicit representations since it enables objective and effortless sharing (Carlile and 

Rebentisch, 2003; Cavusgil, Calantone and Zhao, 2003; Ju, Li and Lee, 2006).  

 

These presentations can be seen as a form of knowledge sharing as the focus lies on the 

communication of individually held data, information, and knowledge to the rest of the 

project team (Okhuysen and Eisenhardt, 2002). Since the group members are separated in 

two distinct groups—Aero and MI—each presentation enables the project team to stay up-

to-date with the overall project.  

 

Coming back to our theoretical framework on knowledge integration, the individually held 

knowledge is the input of the knowledge integration process. Indeed, this individual 

knowledge is composed of unique past experiences that each of the team members have 

accumulated over time, as well as the very new knowledge developed from calculations, 

testings, computations, etc. that only the performer of the task owns until he reveals it to the 

team. That explains why the meeting is a place to inform each other about individually 

separated insights. All these individual interpretations of new testings, computations and 

calculations presented during the meeting create information load, increase the number of 

possibilities and construct instability; which is considered as a situation where sensemaking 

might be useful (Weick, 1995). The project members sort out all these information by 

engaging technical discussions where different individuals argue for a point, thus intending 

to establish stability by defining different tasks to do before the next meeting. However, 

before we go into details regarding the discussion part, we continue with having a look on 

the actual output of the knowledge integration process; how the project members plan. 

 

5.2.2. The meeting: A place to plan 

As stated previously, another characteristic of the meeting is that the team plans what to do 

next. Indeed, the project members use their action-list as a set of guidelines for the future 

developments of the project. Planning is either realized collectively, as when Urs, Dominik 

and Lukas converse about what frequency calculations to test vis-à-vis the flow path 
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designs, or individually when Urs uses his position as a project manager to add specific 

tasks to the action-list. When contemplating the time horizon the team uses for their 

planning activities, three different planning periods can be recognized in the meeting. First 

of all, there are urgent tasks that need to be performed within the next hours to enable 

interdependent tasks to be executed as well. For instance, when a small committee decides 

to meet after the meeting to take care of top-priority matters. Second, there are the tasks 

that have to be planned and scheduled for a period of a few days or one full week, as when 

Urs, Lukas and Simon put the calculations on the snubber position and the mass variation of 

the blade L-0 as to be executed before the next weekly meeting. Third, there are actions 

that have an input from outside as a starting criterion and are dependent to a previous task. 

These are planned or postponed until the action could be performed with a certain degree of 

stability, for a point in time beyond a week-period. This is the case with the finite element 

method of calculations, which is only realizable after other tasks of the action-list have been 

performed. 

 

During the meeting, the team envisions the future designs of the single blades, the airfoil, 

the channel and the whole turbine itself. Even though they are not manufactured yet, 

creating and sharing ideas of how these components should look like in between the project 

members entails knowledge integration, as different knowledge were used to create 

something new together during the meeting. Thus, we understand these collectively created 

new designs as intangible artifacts of integrated knowledge. Moreover, in a sense, planning 

and the action-list itself can be seen as a time and space spanning connector of the different 

meetings. We see planning as a process, whereas the action-list would be the output of this 

process. The action-list is a tangible artifact of integrated knowledge as it is updated with 

new tasks during the meeting. Hence, we argue for the action-list and the ideas of the 

components’ designs as outputs of the knowledge integration process since it contains the 

result of a transformation of individually held knowledge—as stated earlier, individual 

knowledge is composed of past experiences and new knowledge generated from individual 

works. This synthesis of different but complementary knowledge happens during the 

meeting, as new knowledge and old knowledge are combined, in the form of situating what 

the team members learn during the meeting—from what their colleagues share with them—

within the already established knowledge. Indeed, planning and the generation of the action-

list are the outputs of the meeting, as well as of the knowledge integration process; but at 

the same time, the action-list is the input for the next meeting. 

 

Moreover, the team uses planning as a method to schedule the investigation of phenomena, 

which are currently unclear to them, and to further gather information needed to proceed 
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with the matter. The prospective process of planning can also be seen as an attempt to 

stabilize the uncertain world in which the project team operates. For instance, Urs explains 

the causal relationship between the L-0 blade and the diameter and plans that information 

should be collected to be able to decide what suits best the project goal, later during one of 

the next meetings. Planning can therefore be seen as a future-oriented sensemaking 

process connecting the different project meetings. Indeed, structuring actions and giving 

them a priority achieve stabilization of the environment. The team is making sense of a vast 

amount of task that have to be performed and they postpone the actual handling of issues 

that cannot be solved due to various conditions during the present meeting. When too little 

information is available to solve a problem, a postponement strategy can reduce the current 

uncertainty, as well as structure the future by organizing tasks on the action-list.  

 

Assimilating the new individual knowledge as input, the action-list as output and knowledge 

sharing as part of the knowledge integration process. Hence, we understand the meeting as 

a place where the expert engineers integrate their individual knowledge. However, it 

remains unclear how the team communicate during the knowledge integration process and 

that is why we take a sensemaking perspective to examine how the team discusses during 

the meeting. 

 

5.3. A Sensemaking Perspective 
In order to find a sufficient perspective to investigate the communication pattern in the 

meeting transcript we take a step back and consider the second interview conducted with Dr. 

Vågstedt. As the engineers at PowerCo, Scania’s NPD project features the problem of 

integrating knowledge under uncertainty. In light of this challenge, Dr. Vågstedt highlights 

that the project is characterized by intensive communication, which happens during social 

interaction. Indeed, knowledge dispersed among people calls for communication-intensive 

forms of collaboration. In Scania’s case, collocation is the preferred approach to do so. We 

understand that this collocation of people enables first and foremost a communication-

intensive form of interaction, which is needed when integrating knowledge under uncertainty. 

Further, Dr. Vågstedt indicates that during the collocation, arguing plays a significant role. 

Since he further highlights the communication and social aspect of knowledge integration, it 

seems legitimate to look closer into communication patterns during the arguing process in 

NPD projects. 

 

Turning to the meeting, we perceive that the communication follows a pattern, which we 

understand as informing, discussing and planning. As emphasized previously, the action-list 
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is the output of the meeting. Together, the team envisions the future. Moreover, planning is 

defined as an indicator of prospective sensemaking (Stigliani and Ravasi, 2012), showing 

that the project members make sense during the meeting. Therefore, it calls for looking over 

how the team manages to plan ahead, by analyzing what happens before that, in other 

words, their discussions. In fact, we take a belief-driven sensemaking perspective on the 

team’s communication. Based on our analytical framework, we look at the communication 

patterns of the project members through expecting and arguing. 

 

5.3.1. The meeting: A place to expect 
Even though goals and objectives have been formulated in the early stages of the project, 

the team does not know how to get there. As mentioned earlier, the reason for this can be 

found in the fact that the project team makes use of technologies with which the experts 

have no previous experience. Thus, there are certain aspects of the turbine development 

that the project team does not know what to expect from. If they do know, they cannot 

predict when it will actually happen. Indeed, it is difficult to plan ahead as the team neither 

knows when the calculations are ready, what the results are going to show, nor who is going 

to make an important discovery. For instance, after Leonard presented his analysis of 

aerodynamic computations, Lukas and he discuss what do they expect to change in relation 

to this new input. They make assumptions which look rather uncertain, and that is why they 

intend to keep or disregard these beliefs with new tests and calculations. 

  

Lukas: Compared to the present profile… that means you will have a bit 

stiffer profile I guess. You will have much more curvature? 

Leonard: I don’t think that. I think we have probably in some cases we have a 

little bit curvature, in some cases it’s not true. I can not really say because I 

have to do some XXX computations where I really go through each section 

separately […]. 

 

More importantly, the engineers are convinced that they possess all knowledge necessary 

to build the turbine, but they neither know what combination of knowledge is the best nor do 

they know all available combinations. This sort of situation is problematic to the knowledge 

integration process since it causes structural uncertainty (Becker and Zirpoli, 2003). They do 

not know what their calculations are going to confirm, neither do they have a clear picture of 

the consequences of one change or another: they are unable to see what the future would 

bring (Burns and Stalker, 1994; Weick, 1995) which Thomson (1967) identifies as a lack of 

resources; more specifically, an information deficit (Knight, 1921; Galbraith, 1973). Hence, 
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the team collects more data from tests and calculations, which creates information load 

(Weick, 1995). 

 

Moreover, the project members experience both computational and epistemic complexities 

(Grandori, 2001a) as they have to handle a large amount of deviant numbers and 

calculations, which most of them have influence over another. This is why the project 

members do not seem to be able to properly scale the influence that each technical aspect 

has on the overall flow path design. This lack of understanding of causal relationships is the 

reason why it is difficult for the team to integrate knowledge. However, as an attempt to 

stabilize the grounds on which they operate, the team members try to expect what the future 

will look like (LaChapelle, 2008), based on their previous calculations. Indeed, even Valentin 

one of the more experienced project members, notices: 

  

Valentin: And we don’t know how big is the influence of an optimisation... 

Lukas: It’s a difficult but I guess you will take, it will take a while before you 

have an optimised... 

 

All in all, the project is grounded in complexity and uncertainty. Under such conditions it is 

not possible to predict the future in a very detailed way, however, a certain degree of 

stability needs to be achieved in order to work further towards the project goal. This stability 

is gradually constructed through ‘behavioural confirmation’ (Weick, 1995 p.153). That 

explains why the team has expectations regarding the close future. Yet, the experts are not 

certain regarding the probability for each of these assumptions to occur and whether they 

will turn out true. The project members try to predict what is going to happen, based on what 

they know from previous calculations. Despite the difficulty to predict the feature, being the 

most accurate as possible is a constant challenge that one could sense throughout the 

discussions of the meeting: 

 

Urs: So we have from two different sides the same indication, that it is around 

this 0.6. Surely there is a large uncertainty because we don’t have really 

these blades and only for comparison therefore whether it is 0.7 or 0.6 or 

0.5… My point, it’s the order 0.6 that we are discussing here. 

Leonard: Because you know the corrections that have been made here to 

bring all up to this reference is based on the assumption that the old have the 

same gradient, so the efficiency has to be corrected to the gradient. And so 

the assumption is made that they have all the same efficiency gradient, our 

philosophy, which in reality can be slightly different. 
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The team expects certain conjectures and hypotheses regarding causes and effects of each 

engineering characteristics, which are then confirmed or not with calculations, experiments 

and computations. Hence, the project members test their assumptions against real facts. 

Although, whether it is the classical, classical+, advanced or advanced+ channel that is more 

promising remains equivocal throughout the whole meeting, these assumptions and 

expectations help the team and its leader to communicate which of the four different channel 

designs is the most promising to continue with. In spite of doubting each other’s propositions 

because they are mainly based on assumptions, susceptible to change when new 

calculations discard or confirm them, gathering as much information as possible and sharing 

their individual results with the whole team is the team's strategy. Weick (1995) argues for 

this positivist strategy—knowledge should only be considered when proven through an 

experiment with predefined scientific conditions—as a way to reduce uncertainty. Moreover, 

the project team collectively makes sense of all the information they had access to through 

communication (Weick, 1995; 2002). They articulate their expectations and assumptions 

until they can actually see the results of their beliefs.  

 

However, the team also experiences assumptions that did not turn into reality. Even more 

extreme, some assumptions blinded them regarding how the reality would turn out. Hence, 

the team’s expectations can be seen as a method to adjust their focus and to filter input 

(Weick, 1995). This ‘heavy hand’ of expectations as Weick (1995) calls it, already biased the 

project members: 

 

Lukas: We didn’t expect [...] that the modification would come out in this way. 

That is a fact, we missed the point… 

  

Presuming that the team knows how to make the calculations, use a new technology, etc.; 

transforming a prediction into a certain fact is time consuming. Even if they strongly believe 

in one solution rather than another, often the procedure is to try and test their expectations 

until a more plausible solution emerges, that would reduce this uncertainty. To confirm 

assumptions and expectations, yet without loosing too much time, the team divides the 

tasks among different individuals having enough experience to accomplish the work. They 

do so by adding tasks and statements onto the action-list. 

 

Summing up, it can be stated that expecting as part of the belief-driven process of 

sensemaking (Weick, 1995), enables the project team to collectively make sense of the rich 

flow of information provided from calculations and testings. Further, expectations foster 

environmental stability and reduce uncertainty. Fresh results from a particular individual, 
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which are shared during the meeting, bring a new meaning to an uncertain situation. The 

belief-driven process of sensemaking expands the understanding of individuals (Weick, 

1995). Even in times of uncertainty, it allows the team to solve problems by integrating their 

knowledge. The process of sensemaking, partly through expecting and making assumptions, 

can be considered as a requisite to knowledge integration in an uncertain environment. This 

is done by taking a prospective perspective on what the future holds. Concretely, it means 

that when the project members use assumptions about certain parts of the turbine, as basis 

for their discussion, the project members envision a future that seems likely to occur in the 

light of the knowledge possessed currently.  

 

Although Weick (1995) does not specify whether expecting features the characteristics of 

prospective sensemaking or not, it seems legitimate to perceive expecting as a process that 

has both prospective and retrospective qualities, at least in the PowerCo meeting. This 

claim is based on our analysis of the meeting transcript, which showed that data are used to 

envision the future. Since the project team uses data which they vest with meaning as basis 

for their expectation, expecting can be regarded as retrospective sensemaking. However, in 

a subsequent step, the meaning is extrapolated beyond the present and hence has also 

prospective features.  

 

5.2.2. The meeting: A place to argue 

Once that the results of individual works or specific calculations are presented by one 

project member, others expose their own thoughts and a discussion—based on conflicting 

points of view, comments, past experiences, questions and explanations—begins between 

the protagonists. Either they agree rapidly and go on to the next topic, or the engineers have 

different points of view and argue for their opinion. Most of the time, the argument has two 

sides: the Aero and MI. However, as Urs put it: 

 

Urs: [...] at the end of the day, we need something against we can decide. 

Otherwise, we end up again with the same situation that whatever we want, 

there will always be somebody complaining, that’s not acceptable.  

 

For instance, one argument evolves around the statics of the rotor blade—during the 

discussion after Simon’s presentation on the frequencies of the L-0 airfoil. The problem is 

how to stabilize the rotor blade in order for the frequency to be within an appropriate range. 

Apparently, the application of a specific rotor blade part—the airfoil—does not lead to the 

expected results. As a consequence, the team discusses the dominant factors that influence 
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the stiffness of the rotor. Urs from the Aero-group argues with Lukas and Valentin from the 

MI-group by connecting theoretical knowledge and practical experiences to sort out what 

might work in this specific context: the most efficient solution at the lowest costs. 

 
Valentin: Yes, 63 yes. And we have also, we have 10 hertz. It seems that this 

airfoil variant doesn’t work in this channel or on this diameter. We don’t have... 

the airfoil modification. 

Lukas: Yeah and that was an effect when this was calculated which has not 

taken place that much. 

[...] 

Urs: What does influence the nodal diameter and not? [...] theoretically, what 

is the largest influencing factor on this? 

Valentin: The stiffness in the upper region, the profile in the upper region 

and... 

Lukas: ...the mass. 

Valentin: The mass and the length. 

Urs: But the length variation seems not to change the [nodal diameter]. 

Lukas: No? 

Urs: And the stiffness we changed… interestingly by straction which haven’t 

had the effect which… did not have an effect that worked. 

Lukas: The mass that comes with the extra length is more the problem. 

 

Thereby, we can observe that the individuals from different groups, MI or Aero, collaborate to 

find a solution together. This is the case when Urs asks “What does influence the nodal 

diameter [...]?” and his colleagues answered different parts of the complete and final list of 

characteristics. 

 

Another common pattern, the discussion breaks into smaller groups of individuals who 

continue to deal with one technical aspect in particular. Surprisingly, two MI-group members 

switch to German to start a side dialogue but others from the Aero-group jump into the 

discussion in a poor German to make their point heard; until they switch back to English as 

everybody was listening to them already.  

 

According to LaChapelle (2008), arguing is directed towards the extension of meaning by 

contrasting opposing beliefs. Looking at PowerCo, Aero and MI can be seen as two 

opposing groups with different perspectives on the project. Further, the meeting at PowerCo 

does not only involve a knowledge integration challenge but also uncertainty, the team is 
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unable to have a straight knowledge integration process. Following, a crucial point is to 

establish some sort of stability in the form of extending the amount of trustworthy knowledge 

by making sense of what is known by the individuals and subsequently assessing as well as 

integrating important parts of the knowledge. For instance, Urs ends one of the discussions 

by suggesting that they need more information regarding one of the flow path designs to 

have a complete understanding of the causal relationship: 

 
Urs: I think we should replace the blade, the current one in the advanced+ 

channel and we should try to dig out [...] these specific effects. We know that 

this blade is not made for this diameter and we should try to dig out what is 

specific due to this effect and what is the effect just by using it [...] 

 

Afterwards, the team is led by Urs to another problem that needs some discussion: the 

possibility that the double liaison does not work similarly than the single liaison. Therefore, 

Leonard, Valentin, Lukas and Urs discuss the test results and give their opinions on this. In 

the course of the discussion, Urs points out that the problem is that the double liaison 

design of the rotor blade is not specifically constructed for this channel. In spite of this, 

Leonard draws attention to the point that the rotor blade offers exploitable potential. The 

discussion continues with the potential of an improvement of this rotor blade. However, as 

the degree and the existence of such an improvement is yet unknown, it is pointed out that 

the blade can be seen as a learning exercise in order to learn which characteristics of the 

blade would work in general, which is summarized as: 

 
Lukas: So I would anyhow start with and FE-easy calculation on this one [...] 

to confirm exactly the effects that we have... 

 

Moreover, the nature of the arguments varies from organizational matters, as the deadline’s 

date or who should take on the calculations required to go further; to more technical fields 

relying upon a specific expertise, such as which channel design suits better the project goal 

or whether an assumption was trustworthy. For instance, Leonard—from the Aero-group—

asks what are the MI-group requirements for the stiffness of the upper part of the blade, and 

Lukas—from the MI-group—vaguely answers that it depends on another technical aspect—

the position of the snubber—which has not been decided at this project stage. Then 

Leonard acknowledges the information, adapts his calculations in consequence and 

eventually presents his findings to the rest of the group. Lukas agrees with him regarding 

which blade design to continue forward with, and supports his reasoning by using Leonard’s 

diagram. 
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Lukas: But, well OK. What I see as a bit of a problem is... now... the only real 

blade which is doable, that is statically doable, is the one which is in the 

advanced+. 

Leonard: Yes. 

Lukas: Because without cross-section that you had before we can not make 

the blade. So that means if it’s... I would say it’s surely not the... OK. There is 

a XXX version but that is not feasible, which is a kind of base and a real one... 

the Delta is difference between green and reality I would say. 

Urs: That’s not quite sure. I think that this investigation here shows basically 

two or three things that applies to any blade, whether doable or not. [...] 

 
However, Urs disagrees with them and presents his reasons to argue that Leonard’s 

findings can be applied to any rotor blades and not only one single design. Once again, Urs 

uses Leonard’s diagram to convince the others. So, we can see that individuals argue for 

their point of view by employing what Mercier and Sperber (2011) call ‘strong arguments’; 

reasoning based on data and facts. Hence, the use of data and graphs entails evidence to 

check the validity of the argument itself and their line of argumentation. 

 

Due to the fact that the project team consists of engineers with complementary but different 

expertise, not only the two groups have opposing views, but also individual engineers argue 

in different directions upon the same evidence. However, the common goal of developing a 

steam turbine forces the project team to find ways to collaborate and work together towards 

that common goal. Arguing is the facilitator of such a collaboration since “[a]rgumentation is 

uniquely effective in overcoming disagreements [...].” (Mercier and Sperber, 2011, p.60). 

When a team member has a problem with a particular engineering aspect, he would ask 

somebody else who might have encountered a similar problem already. The potential 

solution could then be tested. Furthermore, spontaneous inputs could rise from someone 

who has a bigger picture of the ongoing works, as for instance Dominik, project manager 

and responsible for the overall turbine design: 

 
Dominik: But then I would ask why don’t you increase the exhaust area for 

the advanced channel? Then you will compensate again. 

Leonard: For the advanced channel we already have power under static. 

Dominik: Yeah, but then you can shift even an advanced one compared to L-

0. I lost somewhere the comparison and I feel that you have not the same 

base for the comparison for both channels. That’s my difficulty. 
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Urs: You are absolutely right with this statement and of course this different 

exhaust areas should be extracted from this analysis too, which can be done 

because larger exhaust area just shifts the XXX-omega which we anyhow, 

correcting for. Therefore, this can be split for the other task. 

 

Looking closer into the expert’s communicational pattern of arguing, we can see that 

repeatedly throughout the meeting, (1) questioning, (2) rewording and (3) summarizing 

emerge as parts of arguing. As language is ambiguous, we feel the need to clearly define the 

terms in the way we use them:  

1 Questioning is a method to seek additional information, asking for new inputs. It can 

follow someone else’s presentation of results or after a solution has been proposed 

and one wants to know more about it. 

2 Rewording is paraphrasing or rephrasing a statement in order to demonstrate 

understanding, or, in more simple terms, ‘show that you got it right’. It can take the 

form of a statement, a question or a metaphor. Consequently, others can validate, 

correct or disapprove one’s rewording.  

3 Summarizing happens after multiple inputs or a sequence of arguments. It is a 

special form of rewording, which is geared towards wrapping an argument up. 

 

Although the argumentation does neither display a consistent pattern in the sense of a 

certain order in which questioning, paraphrasing and summarizing appear, nor do all 

arguments feature all three elements; we see the elements as an important characteristic of 

the overall argumentation. For instance, questions regarding a particular problem are not 

systematically raised by the corresponding experts, but rather from someone who has 

various experience and a global mindset regarding all the different parts of the turbine’s final 

design. One concrete example is the argument involving Dominik who questions what 

Leonard presented earlier: 

  

Dominik: An additional question. We have proposed variants with 

penultimate stage and the same front stages? 

Leonard: Ehh... for both channels, advanced and advanced+? 

 

Similar to this, Lukas asks Leonard to clarify his results on aerodynamic computations of the 

new diameter: 

 

Lukas: So the comparison when you said delta is the delta to what? To the 

variant of Arno or to the recalculated variant of Arno?  
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Leonard: OK, when we are talking about the diameter effect... we have... the 

same blade which is used in the advanced channel and the same sections 

which are used in the advanced+ but they are simply re-staggered to create a 

central load point. But at this stage I can’t say what is the effect of them. 

 

Differently, summarizing was used to end a sequence of argumentation, as for instance 

when Lukas summarizes what he discussed earlier with Urs and Nikolaus regarding a 

collaboration between different engineers. Therefore, Lukas summarized and concluded: 

 

Lukas: What is sure we will come to Franz also to... to make sure that the 

model is easy enough to an FE-easy model, because in the last model we 

had made some nice things, too nice things. 

 

Additionally, after a long discussion where the engineers elaborated on possible blade or 

channel designs and their respective advantages as well as disadvantages, Urs summarizes 

and concludes by stating the lessons learned. By doing so, Urs reduces the previously 

communicated knowledge to the essentials. 

 

Urs: So, again, just to summarize the... although the blades do not exist, 

although we don’t do it, none of these blades have shown potentials but each 

kind of blade, it shows what the... what it’s worth to with a different diameter 

for one stage or row as well as efficient potentials which we could use in a 

simulator phase by a distribution shift for example. 

 

Finally, turning to rewording, it can be highlighted that during the meeting’s argumentative 

discussions where the engineers argue, they rephrase each other’s statements to various 

degrees; from obvious to less obvious and direct to less direct. For instance, a less obvious 

but direct rewording is when Lukas expresses with his own words what Leonard just said. In 

this example, Leonard illustrates, with a range of technical terms, percentages and numbers 

that only one blade is realizable at the moment. Although, Leonard is not explicit about the 

viability of the blades—in the sense of saying which blade would work and which would not 

work—Lukas understand that only the advanced+ is realizable. As Leonard validates Lukas’ 

reformulation, Lukas knows that he understood the matter correctly and thus, he can 

propose an alternative to the problem without being out of the picture: 
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Lukas: But, well OK. What I see as a bit of a problem is... now... the only real 

blade which is doable, that is statically doable is the one which is in the 

advanced+. 

Leonard: Yes. 

Lukas: Because without cross-section that you had before we can not make 

blade. So, that means if it’s... I would say it’s surely not the... OK, there is a 

XXX version but that is not feasible, which is a kind of base and a real one... 

the Delta is difference between green and reality I would say. 

 

Hence, reformulating their points of view and recapitulating what has been said help the 

discussants to attest that they understood each other correctly and to make sure that they 

talk about the same problem.  

 

Although all three elements are not necessarily present in one sequence of argumentation, 

we want to finish with another example that features exactly this. In the middle of a long 

argument regarding technical possibilities, Urs starts his argument by summarizing what was 

done prior to the meeting: 

 

Urs: I am thinking about... whether it’s worth to do another assessment on 

this, a more refined one. Of course, Arno has used a rather short-shot... a 

previous version of the blade [specifying which blade he used], a previous 

version of this blade and this channel, for a short assessment and to deal 

with the direction whether it makes sense to make it... this version and this 

channel. 

[...] 

 

Subsequently, he goes on by rewording the content discussed beforehand by Leonard and 

Dominik in order to end his discourse with a question for the whole team: 

 

Urs: The other question what I am thinking about is... We made some 

modification on the blade to fit it in this channel and a specific root section 

and these constraints which led us to stretch the hub section would of course 

cost a substantial amount of efficiency and are these restrictions the same in 

here? 

Lukas: As long as we have [the same blade]. 

Valentin: It’s the same blade 
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During the meeting, the different experience, ideas, interpretations and results of 

calculations presented by each project member are collectively processed by the team in 

order to go forward into the development of the LP turbine. This collaborative process is 

facilitated through discussions, in terms of expecting and arguing. Arguing during the 

meeting can be seen as an integral sensemaking aspect by which the team brings together 

the individually made sense, in order to collectively connect these various individual parts of 

sensemaking into one meaning (Orton, 2000; Patriotta, 2003; Wright, 2005). Furthermore, 

arguing is a critical point in the knowledge integration process, as it facilitates the 

transformation of the individual inputs into collective outputs. Hence, communication in the 

form of arguments during the meeting where different experts expressed themselves can be 

referred as a facilitator of knowledge integration. To put in a nutshell, arguing has a major 

function within the meeting. As presented in figure 10 below, the communicational pattern of 

the meeting’s argumentative discussions appears in forms of questioning, rewording and 

summarizing. That is how expert engineers communicate when they integrate knowledge 

under uncertainty. 

 

 
Figure 10. The three elements of argumentative discussions. 

Source: own elaboration. 
 

5.4. Summary 
Outlining the knowledge integration process during the meeting we can highlight the 

following:  

• First, past experiences prior to the meeting and new knowledge resulting from recent 

technical tests are evidence of the individual knowledge as inputs of the process. 

Similarly, the planning of an action-list and the ideas of the components’ designs are 

key indicators of the integrated knowledge as outputs of the process. 
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• Second, when the engineers inform each other about their most recent work in the 

form of presentations, it can be regarded as knowledge sharing. The focus thereby is 

on the sharing of individual knowledge with the rest of the team, enabling all experts 

to stay up to date with the overall project developments. Thus, it is a requisite for 

knowledge integration. 

• Third, taking a sensemaking perspective on the discussions taking place during the 

meeting, we can perceive that expecting and arguing play a certain role in the 

experts’ discussion. However, we have to point out that expecting takes a minor part 

in the knowledge integration process under uncertainty as it only occurs infrequently 

and punctuated. As the major function of expectations is to offer stability in an 

unstable or uncertain environment, one hypothesis can be that this extreme form of 

uncertainty is not present throughout the whole process. In contrast to this, arguing 

takes a major role as facilitator of knowledge integration in the sense of giving the 

experts the possibility to sort out how to fit the new knowledge—from the 

presentations of results—within the already established knowledge. This knowledge 

integration process is outlined in the figure 11 below.  

• Fourth, the expert engineers communicate in forms of questioning, rewording and 

summarizing when arguing during the meeting. 

 

 
Figure 11. The process of sensemaking vested knowledge integration. 

Source: own elaboration. 
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Chapter 6. Conclusion 

6.1. Answers to the Research Question 
This master thesis points to the puzzling phenomenon of knowledge integration under 

uncertainty. Our aim was to investigate how experts integrate their knowledge in order to 

develop new products when uncertainty hinders them to decide which of the available 

alternatives to choose a priori in order to have the right path to the eventual goal. Therefore, 

we took a sensemaking perspective to ask the following research question: 

 

How does a team of experts communicate when they make sense of a 

situation where the future outcomes of their actions are uncertain, in order to 

integrate their individual knowledge? 

 

Looking at the findings from the analysis of a project meeting at PowerCo, as well as Dr. 

Vågstedt’s insights as an expert in NPD project, we can now answer the research question 

and shed some light on this unexplored part in the literature: communication of experts 

during the knowledge integration process under uncertainty. 

 

Contemplating knowledge integration from a sensemaking perspective is especially valuable 

regarding the micro-level of sensemaking. In this case, the sensemaking perspective 

permitted us to recognize, observe and analyze the communication-intensive processes 

during a meeting of expert engineers.  

 

Indeed, during the knowledge integration process, we pinpoint to the belief-driven process of 

sensemaking that the team uses through its two mechanisms. First, expecting works as 

stabilizer and ‘cleaning agent’ against uncertainty. When uncertainty is high and the experts 

face baffling situations, expecting is used to gradually establish stability on which the team 

bases its future work. The project members focus on parts of the bigger problem and they 

build expectations that are not certain but relatively stable; hence appropriate enough to be 

used as foundations for knowledge integration. 

 

Second, arguing enables the team to collectively give meanings to their test results. Where 

uncertainty is low, but still hinders the engineers to integrate their different individual 

knowledge, arguing helps the experts to integrate their different meanings and subsequently 

facilitates the knowledge integration process.  
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Third, expecting and arguing happens during the team’s discussions. Looking closer at how 

the experts communicate during these verbal exchanges, we found out that questioning, 

rewording and summarizing are important elements. Therefore, when a team of experts 

makes sense of a situation where they have to integrate knowledge, they argue through 

questioning, rewording and summarizing. 

 

Fourth, we see expecting and arguing as the mechanisms that prevent the NPD project 

team to end up paralyzed. Indeed, both expecting and arguing facilitate individual and group 

thinking by offering a way to not only contemplate what is certain and known, but also 

transform uncertainty into likely possibilities. 

 

6.2. Discussion 
Pinpointing the gap in the literature on knowledge integration under uncertainty, which we 

intended to bridge by taking a sensemaking perspective on the experts’ communication, we 

need to critically examine our findings. Indeed, when the NPD project team at PowerCo 

uses elements of questioning, rewording and summarizing in their discussions, the project 

members are able to collectively make sense of the individual knowledge that needs to be 

integrated. This communicational pattern in argumentation means that even experts with 

years of practice in their knowledge fields, need to convince others—and sometimes even 

themselves—of the most appropriate alternative towards their goal: develop an innovative 

product. Situating our research findings in the context of other scholars’ work, we want to 

highlight subsequently the similarities and differences between our and others’ contributions. 

 

First of all, we want to turn to scholars who point to communication and interaction as 

facilitator of knowledge integration (cf. Hislop, 2003; Ditillo, 2004). For instance, despite that 

Hislop (2003) points to the mechanisms that facilitate knowledge integration—e.g. intensive 

teamwork, formal and informal meetings and personal communication—he does not 

describe how individuals communicate in such social interactions. This master thesis began 

exactly at this point. Moving onwards, we focus on the characteristics of the communication 

during the knowledge integration process.  

 

Second, Okhuysen and Eisenhardt’s (2002) experimental study on how formal interventions 

improve the knowledge integration within a group stands out. They point to ‘sharing 

information’, ‘questions others’, and ‘managing time’ as formal interventions used in group 

communication. In light of their findings we are convinced that it is interesting to see that our 

findings highlight similar tendencies—sharing of information as important in the beginning of 
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the knowledge integration process and questioning during the argumentative communication. 

However, we are convinced that the focus on real-life setting highlights stronger the actual 

need for diverse forms of communication; namely, in the form of arguing—questioning, 

rewording and summarizing—during the process of knowledge integration under uncertainty. 

 

Taking a step back from our specific empirical material, we observe that the knowledge 

integration process in general, features an initial fragmentation of knowledge within the 

organization (cf. Kogut and Zander, 1992; Tsoukas,1996; Grant, 1996b; Hislop, 2003, 

Becker and Zirpoli, 2003). In light of this fragmentation, we can compare that the knowledge 

integration process resembles to a certain degree, the process of doing a puzzle. Although 

input and output—the puzzle pieces and the completed picture as displayed on the puzzle 

box—are given, it is uncertain how the parts fit together.5 In a first step, a piece of the puzzle 

is recognized. In a second step, the piece is related to one or many other pieces in order to 

see whether it fits. In a final third step, the pieces are finally integrated. Similar to this, the 

knowledge integration process under uncertainty might have certain inputs and outputs, but 

is still uncertain. As in the puzzle example, the knowledge has to be first recognized and 

related to other knowledge in order to check whether it can be integrated. Thereby, we 

indicate that expecting can serve as a tool to notice selectively and arguing can help to 

validate the knowledge and facilitate a subsequent integration. The actual validation can be 

seen as of specific importance for knowledge integration under uncertainty and as a crucial 

part as during the argumentation process, not only the knowledge itself had to be assessed 

but also how it fits with the already established knowledge.  

 

6.3. Future Research 
As this thesis is built on a limited set of data, we mainly suggest replicating our study in 

different settings. In general, we suggest doing this in a wide range of different NPD projects 

that display the need for experts to integrate their different but complementing knowledge 

under uncertainty. Specifically, we suggest testing the robustness and generalizability of our 

model. 

 

Moreover, our empirical data restrained us from taking an action-driven sensemaking 

perspective on NPD projects. We recommend an epistemological investigation of the 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
5 Although, it would be more precise to illustrate the example with a range of similar puzzles that got mixed up 
and the task is to finish one of the puzzles. Since the knowledge integration process does not only include the 
selection, combination and arrangement of knowledge but also the sorting out of knowledge that cannot be 
integrated; e.g. a puzzle piece that is not necessary and thus slowing down the process. 
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interdependence of beliefs and actions influencing each other when experts integrate 

knowledge uncertainty. 

 

Further, this thesis highlighted the need to investigate the underlying process of knowledge 

integration under uncertainty. Our study can serve as a starting point for further research on 

the knowledge integration mechanisms at work when experts have to integrate their 

knowledge through communication-intensive processes under uncertainty. Namely, the 

sensemaking perspective offers a wide range of possibilities to be applied on micro-level 

knowledge integration issues. For instance, the influence of formal and informal power 

structure or different communication forms on the sensemaking process during knowledge 

integration under uncertainty. 

 

Eventually, as our study focused on verbal communication, we propose an extended 

research of the non-verbal communication embedded in an ethnographic study. 
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