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Summary 

Theme and problem area  

In today's society expert knowledge has earned a high status where work is increasingly 

specialised and knowledge intensive (Knorr Cetina, 2001). Solving complex problems 

requires an understanding of how knowledge is being developed and shared by the people 

who engage in highly specialised knowledge work. In this study, we explore how knowledge 

development and knowledge sharing takes place in an expert community that develops 

software for room acoustics through investigating the role of epistemic objects and practices 

and the challenges the expert community faces when developing the software.   

We have explored how a team of experts in acoustic engineering organise their joint 

development of complex software by asking the broader research question: How is the 

development and sharing of knowledge in expert communities facilitated by working with 

joint epistemic objects?  

The research problem is answered by examining the following research questions: 

● In what ways does this expert community develop knowledge by way of epistemic 

objects and epistemic practices? 

● How does knowledge sharing take place related to their work on epistemic objects? 

● What challenges does this expert community face when working on joint epistemic 

objects? 

The theoretical framework that has been utilised to investigate the research questions is based 

on the concepts of expert communities (Knorr Cetina, 1999, 2001), and its special place of 

knowledge in contemporary society. Epistemic objects (Knorr Cetina, 1997, 2001), dominate 

much of the expert community’s work, and in our study represents the shared epistemic 

object developed by the expert community. In this thesis we also explore the role of 

knowledge sharing activities in the practices of developing epistemic objects in expert 

communities. And finally, epistemic practices (Knorr Cetina, 2001) that concerns specific 

practices and dynamic relationship experts engage in when developing knowledge and 

practice, or what experts do when working with epistemic objects. The purpose of this 

theoretical framework is to shed light on how knowledge is developed and shared in an 

expert community that works with joint epistemic objects.  
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Method and data collection 

To study how knowledge is developed and shared in expert communities when working with 

joint epistemic objects, we decided on a qualitative approach where we conducted a 

qualitative observation- and interview study. The data material was collected through both 

digital and physical semi-structured interviews and observations of a team of experts that 

collaborated on developing a software for room acoustic simulation. The recruitment process 

was based on a strategic selection, and the participants were of empirical interest as they were 

a team of highly specialised knowledge workers collaborating on developing a complex 

object. The collected data were analysed through thematic analysis.   

Results and conclusion 

We approached a team of experts forming an expert community around a room acoustic 

simulation software they collaborated on developing. As specialists in acoustic engineering 

their work was embedded in a wider knowledge culture within their field, and they 

participated in specific knowledge cultures for developing the software. The specialists 

engaged with the software as an epistemic object to solve complex acoustical knowledge 

problems in unfolding processes of exploration and stabilisation, applying scientific 

knowledge to concrete cases. Working with epistemic objects required knowledge sharing to 

coordinate the variegated knowledge of the expert community. Specific functions in the 

software acted as focus points for software development and contributed to developing the 

wider field of expertise. By engaging in epistemic practices of engineering they shared 

knowledge and solved complex knowledge problems linked to wider machineries of 

knowledge construction through practices of engineering in social contexts, uses of data and 

evidence to make decisions, tools and strategies for problem solving and finding solutions 

through creativity and innovation. The expert community was faced with challenges of 

complexity and uncertainty originating from working on highly complex epistemic objects 

and employed social strategies of communication and collaboration to handle these 

challenges. Companies developing epistemic objects need to encourage frequent interactions 

and communication to facilitate for expert communities to develop their own strategies to 

cope with the challenges embedded in working with epistemic objects.  
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1. Introduction 

1.1 Presentation of theme and relevance  

The growing importance of knowledge and its special place in contemporary society has been 

recognised by the increasing trend of work tasks that require expert knowledge (Knorr 

Cetina, 1999, 2001), and the term knowledge society has been used to describe the current 

realities. Expert knowledge is highly specialised, it is shared in expert communities and 

developed over a longer period of time. This type of knowledge has received a high status in 

today's society as more work is increasingly specialised and knowledge intensive (Knorr 

Cetina, 2001). To understand how the increasing focus on knowledge intensive work is 

affecting society it is necessary to understand the practices experts use when developing and 

sharing knowledge in highly specialised knowledge work. Expert communities form around 

complex problems linked to specific areas of expertise, and they take part in processes of 

learning and knowledge development linked to wider knowledge cultures specific for their 

expert area (Knorr Cetina & Reichmann, 2015).  

In this master’s thesis we will investigate how knowledge development and knowledge 

sharing takes place in a particular environment within the field of acoustic engineering. This 

kind of environment is often referred to as expert communities (Knorr Cetina, 1999, 2001). 

Typical for an expert community is that it often works with what we refer to in this thesis as 

epistemic objects (Knorr Cetina, 1997, 2001), where the object is in the centre of the 

knowledge development. The epistemic object is the point of focus in a process of 

exploration where experts try to solve the complex knowledge problem it raises (Knorr 

Cetina, 2001).  

The use of expert knowledge to resolve complex problems is a characteristic of professional 

experts and experts are also producers of knowledge through participation in wider fields of 

expertise (Knorr Cetina & Reichmann, 2015). As professions, such as engineering, have 

evolved and become more interdisciplinary and interventionist, knowledge is more 

distributed and more diverse groups of actors engage in knowledge development. This means 

that more knowledge is being developed through the combination of research and practical 

application through expert communities that are part of expert systems linking the wider 

areas of expertise (Knorr Cetina & Reichmann, 2015).  
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“Epistemic practices are the socially organised and interactionally accomplished ways that 

members of a group propose, communicate, justify, assess, and legitimise knowledge claims” 

(Cunningham & Kelly, 2017, p. 487). This is a general definition, in this thesis we focus on 

epistemic practices in relation to our broader research problem. Software development can be 

seen as an example of working with epistemic objects through epistemic practices, as 

exemplified by Knorr Cetina (2001) who describes software as an example of epistemic 

objects and programming as an example of epistemic practices.  

Knowledge sharing is central to both collaboration and software development in teams to 

overcome challenges and bring knowledge development further (Ghobadi, 2015). More 

research is needed on how expert communities establish knowledge sharing cultures and how 

they affect the dynamics of knowledge development (Wang & Noe, 2010). Recognising 

knowledge sharing drivers in software development teams is beneficial for the members and 

helps them reach closer to ideal levels of knowledge sharing and communication. Less is 

however known about the technology related knowledge sharing drivers, including how 

methods are used, the role of objects in software development, and task-related drivers, such 

as task uncertainty, the lack of necessary information to develop the software (Ghobadi, 

2015). To understand how engineers develop knowledge, these knowledge generating 

practices need to be studied based on the social processes of meaning making that take place 

in engineering expert communities (Cunningham & Kelly, 2017).   

Engineering work consists of practices of knowledge sharing and development (Cunningham 

& Kelly, 2017) and needs to be observed in specific contexts such as acoustical engineers. At 

the same time such practices will necessarily take different forms in specific types of 

engineering.  

In our thesis we contribute to the field by exploring how a team of experts in acoustic 

engineering organise their joint development of complex software. Our aim is to bring new 

insight into how knowledge development and knowledge sharing take place in an expert 

community developing a software for room acoustics through examining the role of epistemic 

objects and practices and the challenges they face.   
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1.2 Research problem and research questions  

The aim of this master thesis is to explore how knowledge sharing and development takes 

place in highly specialised knowledge work. Our thesis addresses the following broader 

research problem:  

How is the development and sharing of knowledge in expert communities facilitated by 

working with joint epistemic objects?  

To be able to provide an adequate answer to our research problem, we have studied a team of 

eight experts that collaborate on developing a room acoustic software and based our 

interviews and observations on the following research question:  

● In what ways does this expert community develop knowledge by way of epistemic 

objects and epistemic practices? 

● How does knowledge sharing take place related to their work on epistemic objects? 

● What challenges does this expert community face when working on joint epistemic 

objects? 

 

1.3 Theoretic framework and demarcation  

We have delimited our study presented in this thesis by applying a theoretical framework 

based on the concepts of expert communities, epistemic objects, epistemic practices and 

knowledge sharing. 

Knorr Cetina (Knorr Cetina, 1999, 2001) introduced the concept of expert communities, and 

its relation to the special place of knowledge in contemporary society. Expert communities 

are groups of specialised professionals who form around complex problems linked to specific 

areas of expertise (Knorr Cetina & Reichmann, 2015) and engage in specific knowledge 

practices to solve these problems, manage and coordinate their work (Nerland & Jensen, 

2012). We consider this a relevant concept in our study as the team we have chosen as our 

case consists of experts within the fields of acoustical engineering and software development 

who work together on developing a shared epistemic object. Experts are highly object-

centred, and objects dominate much of their work (Knorr Cetina, 1997, 2001). Working on 

the objects is a driving force for the expert communities to develop their understanding of the 



 

 

4 

 

problem and the field of expertise itself (Werle & Seidl, 2015, p. 70). In our study the shared 

epistemic objects relate to the room acoustic software that the expert community collaborate 

on developing.  

Expert communities develop epistemic objects in specific ways through generating and 

sharing knowledge (Nerland & Hasu, 2021, p. 66). In this thesis we will explore the role of 

knowledge sharing in the practices of developing epistemic objects in expert communities. 

By establishing relationships with their epistemic objects and engaging in knowledge 

processes, expert communities can identify with their expert field leading to a higher level of 

engagement and motivation. Epistemic objects motivate experts to mobilise knowledge flows 

and increase the continuity in knowledge generation. This motivation comes from an urge to 

know more, and keep the experts together in joint knowledge work formed around the 

epistemic object through shared interest, common goal and a need to know what the others 

know (Liu, 2019).  

Epistemic practices are the specific practices and dynamic relationship experts engage in 

when developing knowledge and practice, or what experts do when working with epistemic 

objects. Epistemic practices enable experts to explore complex problems, access knowledge 

resources and identify open opportunities and temporal solutions (Knorr Cetina, 2001; 

Nerland & Jensen, 2012). Expert communities engage in epistemic practices when working 

with epistemic objects, and these practices take place when an expert is faced with a new 

problem which makes them have to relate to an object in a different way (Knorr Cetina, 1997, 

2001). When developing the epistemic objects, the team of experts engage in software 

development practices. Cunningham and Kelly (2017) have identified significant epistemic 

practices in engineering and categorised these in relation to four areas of practice: social 

contexts, using data and evidence to make decisions, tools and strategies for problem solving, 

and finding solutions through creativity and innovation.  

In chapter three we develop these concepts and perspectives further and present an analytical 

framework that will be used in the analysis to inform categories and structure the presentation 

of our data, demonstrating how expert communities share and develop knowledge by 

working with epistemic objects, and then to discuss how our findings relate to and inform the 

theoretical concepts in the discussion.  
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1.4 Empirical context and methodology  

To address the overall research problem and answer research questions of how experts 

develop and share knowledge in expert communities when working with epistemic objects 

we have focused the empirical work on a company run by a small team of experts 

collaborating on developing a highly specialised room acoustic computer simulation 

software. The software has been developed for over 30 years and the team of expert 

developers represents a complex field of expertise involving both programming competence, 

scientific knowledge and expertise of acoustical engineering. To understand how the 

knowledge development takes place we employed qualitative research methods as identified 

as most appropriate to investigate constitutive processes of some phenomenon (Silverman, 

2017). We have observed the team over a period of seven weeks where we attended some of 

their meetings and conducted semi-structured interviews both digitally and physically. The 

observations and interviews gave us the opportunity to explore the ways the team of experts 

worked when collaborating on developing the software, how they shared and worked with 

knowledge and what challenges they faced in this process. 

 

1.5 Thesis structure  

The thesis is organised in 7 main chapters: 

We start by introducing the theme and relevancy for our study by presenting our main 

research problem and associated research questions. This first chapter provides an overview 

of our theoretical framework and demarcation, and empirical context and methodology, as 

well as an overview of the thesis structure.   

Chapter two presents review literature and relevant research on software development as well 

as insight on knowledge sharing within software development. The chapter also presents 

relevant research on computer simulation as an epistemic object and computer simulation of 

room acoustics.  

The third chapter presents a theoretical framework which the thesis is based on. The 

framework is intended to function as a tool for analysing our data material and will support 
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further discussions and reflections that will contribute in providing answers to the research 

problem.  

In the fourth chapter we present our methodological decisions and considerations. We review 

key aspects related to our study’s research design, the collection and data processing and 

ethical considerations protecting the participant’s autonomy. Finally, we present reflections 

on the credibility of our study.    

In chapter five we present our analysis based on our collected material. The analysis is 

intended to provide a relevant base for the thesis discussion and contribute to answering the 

research problem and associated research questions.  

The discussion of the thesis is presented in chapter six. The discussion is based on our three 

research questions, and we argue these in the light of the thesis’ theoretical framework and 

collected data and then relate our findings to the broader research problem.  

Finally, in chapter seven we conclude based on our findings and present our contributions, 

proposals for further research and limitations. 
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2. Review 

2.1 Introduction 

This thesis raises the issue of how expert communities develop and share knowledge by 

working with epistemic objects. Epistemic objects can take many shapes, in the case 

elaborated in this thesis the epistemic objects take the form of a highly complex computer 

software, more specifically advanced room acoustics computer simulation software. Research 

has explored software development, identified specific trends and established methodologies 

(Dingsøyr et al., 2012; Fitzgerald & Stol, 2017; Ghobadi, 2015) that in varying degrees are 

followed (Dittrich et al., 2020, p. 2). In particular we have identified agile, continuous and 

evolutionary software development as relevant for this thesis, and we have found that 

knowledge sharing is a critical part of the development of computer software (Ghobadi, 

2015). In object construction, computer models have been studied as epistemic objects and 

research has been conducted on computer simulations, demonstrating the value of epistemic 

theories when trying to understand what is going on when computer simulations are used to 

develop knowledge (Merz, 2018, p. 335).  

Computer simulation of room acoustics in particular is not a new phenomenon, but can look 

back at its 60 years history (Vorländer, 2013). With the rise of new and more powerful 

personal computers, the use of computer simulation in room acoustics became more 

widespread (Vorländer, 2011) and changed acoustics from numerous calculations into 

advanced virtual simulations that made it possible to observe results in practice. These 

advantages of advanced room acoustics computer simulation has made its use widespread in 

the consulting industry (Forsyth, 2018). Making room acoustic computer simulations is 

however not straightforward and research has identified the main technical challenges in 

making room acoustics computer simulation work in practice (Vorländer, 2013). Tests made 

comparing the most well-known software on the market showed this type of software’s 

weaknesses and lacks when trying to simulate how sound would behave in not-yet existing 

realities (Brinkmann et al., 2019).  

Even though research has explored the challenges in the technology related to acoustics 

computer simulation software, limited research could be found on how the expert 

communities behind the software share and develop knowledge when working with the 
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computer software. This case contributes to the field of research by giving an example of how 

this challenging and uncertain endeavour can take place.   

In this chapter we first review some of the more influential methodologies in software 

development over the last 20 years, before reviewing how computer models and simulation in 

general, and computer simulation of room acoustics in particular, is conceptualised in some 

of the research available today.  

 

2.2 Software development 

Software development practices have been influenced by changing trends and methodologies, 

some of which have received more attention than others (Dingsøyr et al., 2012; Dittrich et al., 

2020; Fitzgerald & Stol, 2017; Ghobadi, 2015). We will here briefly present some of the 

more influential, namely agile software development (Dingsøyr et al., 2012; Ghobadi, 2015; 

Kumar & Bhatia, 2012) continuous software development (Fitzgerald & Stol, 2017) and 

practice oriented software development (Dittrich et al., 2020). Knowledge sharing also holds 

a central position in software development, which can be described as a collaborative and 

knowledge intensive process (Ghobadi, 2015). 

 

2.2.1 Agile software development practices 

Agile methodology started with the publishing of a manifesto in 2001 which are claimed to 

bring unprecedented changes to the software development field (Dingsøyr et al., 2012). 

Where traditional methods were not seen as efficient enough to adapt to rapid changes in 

software demands, the efficiency of agile methods transformed the software industry, seeing 

software development as an iterative and cognitive process based on incremental 

development (Kumar & Bhatia, 2012). The manifesto marked a shift in how software was 

developed, giving spark to a wide range of working methods such as extreme programming, 

scrum, lean software development, feature-driven software development and crystal 

methodology which all aim to address the core principles of the manifesto (Dingsøyr et al., 

2012). The core four characteristics of the agile manifesto is that it values individuals and 

interactions rather than processes and tools, a working software over comprehensive 
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documentation, collaboration with the customer rather than negotiating contracts, and 

responding to changes over following plans. Even if every mentioned aspect has value, in the 

agile manifesto some are deemed more important than others (Dingsøyr et al., 2012, p. 1).  

Agile methodology has taken software development a big step towards collaborative 

development, where people could themselves decide over the processes that formerly 

constrained them (Dingsøyr et al., 2012). According to Kumar & Bhatia (2012), the main 

benefits of agile methodology are higher quality software in a shorter time, self-organising 

teams and successful customer collaboration. Implementation of agile methodology involves 

formal face-to-face communication between team members where they discuss what they are 

working on and inform the others on their progress and challenges. The methodology is 

deemed favourable due to improved communication, quick releases and flexibility of the 

design process. Limitations on the other side, are high requirements of coordination and 

communication from project managers and the focus on development at the expense of 

design and use (Kumar & Bhatia, 2012).  

Dingsøyr et. al (2012) reviews the research on agile methodology. By examining publications 

and citations they outline the field and explain how the method has developed. Research 

varied from how to adopt the method and its efficiency, to different sides of team dynamics 

such as trust, self-organising and communication. It has also investigated the consequences of 

test-driven development and issues of implementation in distributed work environments. The 

study contributes to developing the understanding of the implications of agile software 

development, while asking for more efforts to be invested in further investigating its 

fundamental principles, and Dingsøyr et al. (2012) finds an urgent need for more studies on 

mature agile development teams as most projects were focusing on new users. Further, 

research is needed on the adoption of agile to specific projects and a more theory rooted 

examination of the various practices, to strengthen the theoretical framework. Hence, better 

understanding of how collaborative software development is facilitated is needed.  

 

2.2.2 Continuous software development practices 

Continuous software development is an umbrella term for different initiatives that can be 

termed continuous. The rationale builds on the increasing need for a continuous end-to-end 

flow between customer demand and fast service delivery. Software development has suffered 
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from a disconnection between the central activities of planning, development and 

implementation, making activities such as planning, testing, integration and releases 

implemented in a casual and sporadic way. By increasing the frequency of certain critical 

activities and eliminating the discontinuities between development and deployment many of 

these challenges can be prevented. Releasing new versions often and early can give benefits 

when it comes to the quality and consistency of software development. Errors can be detected 

and fixed sooner when the distance between development and execution is shorter (Fitzgerald 

& Stol, 2017). In their research agenda for continuous software engineering, Fitzgerald & 

Stol (2017) sets the direction for future research, asking amongst others how continuous 

evolution and maintenance of software systems can be facilitated, how hardware and 

software can be co-developed using a continuous software engineering approach and how key 

barriers between development and operations can be removed. 

 

2.2.3 Evolutionary software development practice 

Dittrich et al. (2020) looks into how software development processes develop over time, a 

relevant aspect for the software we later explore, which has a history of being developed 

continuously for over 30 years. They find little research on how situated software 

development practices develop, and the observations that exist don't show if the practices are 

results of conscious and deliberate processes or unintended decay. Further, they find largely 

no research on the relationship between descriptions of methods and the practices they are to 

inform and improve. While principle 12 of the agile manifesto states that “At regular 

intervals, the team reflects on how to become more effective, then tunes and adjusts its 

behaviour accordingly.” (Manifesto for Agile Software Development, n.d.), Dittrich et al. 

(2020) claims that little research exists that describes what happens at these reflection 

meetings and how practices adapt accordingly. 

According to Dittrich et al. (2020), when a software is developed over a longer time software 

development practices tend to drift away from structured and agile methods. They ask the 

questions of how teams coordinate joint software development, and if practice degenerates or 

evolves based on conscious deliberation and reflection. Dittrich et al. (2020) see software 

design and development practices through the perspective of Knorr Cetina as an unfolding 

practice that evolves as software is being developed. Based on the ethnographic study of a 
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small and successful team of software service providers, Dittrich et al. (2020) finds a bottom-

up software development practice resulting from conscious deliberation where the team was a 

natural part of the software development practice, as described by the 12th principle of the 

agile manifesto. The team engaged in experimentation as a way to explore new ways of 

working and kept up and developed joint practices that met their changing and evolving 

needs.  

While we found the research on epistemic practices in software development to be relatively 

limited, one study explored how software development teams in a medium sized company 

use routine in resolving and dealing with highly complex and ambiguous issues (Mahringer et 

al., 2019). The authors looked at how software is developed by exploring how multiple 

routine performances helped facilitate and organise open-ended, epistemic processes in 

software development by structuring, materialising, recalling and closing the processes. Work 

in organisations is often characterised by high degrees of complexity, uncertainty and 

ambiguity, in these cases the outcomes of routine can only partially be predefined and 

constantly changed over time (Mahringer et al., 2019). In the case, routine performances 

materialised (created new knowledge) and recalled (introduced existing knowledge) partial 

epistemic objects that revealed new lacks and needs, leading to routines being broken and 

actions of reperforming, repeating, anticipating and skipping taking place.  

Performing routine helped restrict the unfolding and open-ended process, giving it a sense of 

order and protecting the overall software development activities from risk. Balancing the 

need of order and wish to explore created tensions demonstrated by emotional reactions of 

the experts towards both the routine and the unfolding activities. By using positive emotions 

to counteract the negative emotions they could achieve emotional balance. This didn’t make 

open-ended processes more predictable, but facilitated innovation by orchestrating the 

process as it unfolded in action, making space for unfolding and at the same time supporting 

coordination and making sense of what to do next (Mahringer et al., 2019). Nerland & Jensen 

(2014) suggest further research on knowledge practices in expert communities to focus on 

their ways of dealing with complexity and uncertainty. 
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2.2.4 Knowledge sharing and software development practices 

Knowledge sharing is a knowledge-centred activity where employees contribute to the 

application and innovation of knowledge (Wang & Noe, 2010) or “the ease with which 

knowledge is transferred and deployed within a network” (Liu, 2019, p. 339). It involves 

providing task information and know-how to help others, and to collaborate with others in 

order to solve problems, develop new ideas or implement specific policies or procedures. It 

can take place through communication in writing or face-to-face, through networking with 

other experts, and by documenting, organising and capturing knowledge for the use of others. 

How knowledge is developed on a team and organisational level is affected by the degree of 

knowledge sharing taking place between employees (Wang & Noe, 2010, p. 117).  

Wang & Noe (2010) reviews a wide range of literature from 1999 to 2008 to develop an 

organising framework and discuss issues, research needs and practical implications of 

knowledge sharing. Their framework covers organisational context, cultural, interpersonal 

and team characteristics, as well as motivational factors, individual characteristics, 

knowledge sharing perceptions and behaviours. While segmented structures are likely to 

inhibit knowledge sharing across functions and practice communities, knowledge sharing can 

be facilitated through decentralised organisational structure and a work environment that 

encourages interactions among employees. Facilitation practices can be the use of open 

workspace and fluid job descriptions, as well as encouraging cross-department 

communication and informal meetings. Further, organisations should create opportunities for 

employee interactions and deemphasize hierarchy. When it comes to if team characteristics 

and processes support knowledge sharing there were few studies, but they suggest that 

knowledge sharing is more likely if the team has been formed for a long time and experience 

high cohesiveness. Agreeable and extraverted communication styles were positively 

associated with knowledge sharing willingness and behaviours, the same with empowering 

leadership. Future research directions point towards the need for further investigation on how 

culture and norms in professional communities of practice are established, in order to 

understand how a knowledge sharing culture can be promoted and how it affects the 

dynamics of knowledge sharing and learning among employees and teams (Wang & Noe, 

2010). 

Knowledge sharing is a concern both in collaborative teams and software development teams 

(Ghobadi, 2015). Software development requires the mixing and merging of diverse 
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knowledge that is spread around different fields of expertise. Transactive memory can be 

understood as the set of knowledge possessed by a group regarding an awareness of who 

knows what (Ghobadi, 2015, p. 87), helps drive knowledge transfer in distributed teams and 

can be achieved through frequent interactions between team members. Through developers' 

engagement in iterative development and quality validation cycles involving rapid reflections 

and frequent introspection across team members representing different specialisations, and 

through the exploitment of diverse expertise and the exploration of existing and potential 

opportunities in software development, highly needed intensive knowledge sharing can take 

place (Ghobadi, 2015).  

Effective knowledge sharing is requisite for software development team members to discuss 

critical aspects of a project and overcome the cultural and social challenges that come from 

working across distributed spaces. It involves exchanging task-related information, ideas, 

know-hows and feedback regarding software products and processes while exploiting 

available resources, addressing perceived challenges, and exploring emerging opportunities 

in software development. Understanding what drives knowledge sharing in software 

development teams is needed for team members to monitor their own knowledge sharing 

patterns and programs, bringing them a step closer to ideal levels of communication and 

knowledge sharing (Ghobadi, 2015).  

Ghobadi (2015) reviews the literature on knowledge sharing drivers in software teams from 

1993-2011 in order to improve the understanding of knowledge sharing in software 

development teams. She integrates 44 drivers into a classification framework based on 

organisational change theory. The four main categories of the framework are people-, 

structure-, task- and technology-related drivers. Less research has been conducted on 

technology-related drivers where there are new research opportunities in project technology 

aspects such as methods-in-use, boundary objects and the role of standardisation in software 

development, and on task-related drivers where less attention has been paid to task 

uncertainty where lacking the information needed to develop the software can hinder 

effective knowledge sharing in distributed teams (Ghobadi, 2015). Categorisations of 

knowledge sharing drivers are important, at the same time it is important to view the 

processes and practices that take place in context and as more than individual factors. 

Engineer knowledge work involves epistemic practices that contribute to knowledge sharing 

and development. In an article about the epistemic practices of engineering Cunningham & 
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Kelly (2017) reviews empirical studies of engineering in practice and categorises the 

epistemic practices of engineering in order to explain how knowledge is constructed through 

action and practice. They find that engineering is different from other disciplinary knowledge 

settings by its unique feature of being developed through practices where requirements are 

defined by clients and the relevant conditions of the situation where design work takes place. 

Epistemic practices help investigate, generate explanations for, and evaluate knowledge 

claims. Cunningham & Kelly (2017) base their perspective on the study of knowledge 

constructing communities found in science and technology studies, focusing on the social and 

interactional processes of reasoning that takes place in practices and actions taken in the 

world. Knowledge claims are developed and evaluated through coordinated and agreed upon 

efforts by social groups and then made legitimate through the weight of their evidence in 

social forums (Cunningham & Kelly, 2017).  

Knowledge sharing is central to collaboration on teams. While some is known about the 

different drivers and benefits of knowledge sharing both in general and in engineering and 

software development teams in particular, it is important to understand how joint knowledge 

sharing happens in context as part of epistemic practices in software development by 

professional teams. In addition, computer simulations constitute a specific type of epistemic 

objects. 

 

2.3 Computer simulations as epistemic objects 

Computer simulations combine both aspects of software development and epistemic objects. 

Knorr Cetina (2001) uses computer software as an example of epistemic objects, and 

computer simulations are used in scientific exploration as an unique epistemic object (Merz, 

2018). Outside the realm of science, experts work on epistemic objects to develop 

knowledge, but little research could be identified on computer simulations as epistemic 

objects. One article however, describes how scrum teams use routine to organise developing 

software as an epistemic object (Mahringer et al., 2019). We will here review literature on 

computer simulation software as epistemic objects, and the characteristics and challenges of 

room acoustics computer simulation software. 
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2.3.1 Computer simulation’s role in epistemic innovation 

Computer simulations have gained much attention in the field of science and technology as 

an epistemic practice that follows its own dynamic of innovation (Merz, 2018). The epistemic 

significance of computer simulations is shown in different ways in studies of science with a 

focus on how effective the models are in representing its research subject. Focusing on 

computer simulations as an epistemic object makes us aware of their practical use as well as 

their function as an object in themselves, and adding a practice perspective helps identify 

how computer models have been used in specific scientific contexts, their locations and roles. 

Computer models create implicit knowledge in their descriptive role as models of and they 

create explicit knowledge in their performative, instrumental role as models for (Merz, 2018).  

Computer simulations also contribute to epistemic innovation by generating and 

demonstrating alternative futures and can generate knowledge about functions of material 

structures that are not yet realised. Computer simulations apply theory, using both abstract 

theory and mathematical procedures. As epistemic objects, they act as mediators between 

theory and experimentation; having already defined scientific assumptions embedded into the 

simulation software on one side and the fundamentally open-ended character of experiments 

on the other. They are autonomous because of their relative independence from theory and 

data where they act both as a mediator in between, as well as an instrument for the 

investigation of both. By encoding different theoretical scenarios into the simulation program 

and testing their consequences through simulations, the results that are being produced can 

help identify theoretical assumptions that can be further explored in planned experiments 

(Merz, 2018).  

Computer simulations can be effective tools for both thinking and material interventions, 

generating both new questions and reliable answers. Particularly complex computer models 

increase the potential for innovation because of their properties as epistemic objects. Their 

constant unfolding and multiplex character allow the same simulation model to carry out 

different functions for different actors in the different contexts where they are used. They can 

have the function of raising new questions as a research object in one context and at the same 

time generate answers when being used as an instrument in another (Merz, 2018). 
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2.3.2 Computer simulation of room acoustics 

Computer simulation of room acoustics was first introduced in a scientific context by 

Schroeder in 1962 (Vorländer, 2013, p. 1203), but it was first since the beginning of 1990’s 

when more powerful processor speeds and memory space were developed that room 

acoustical computer simulation and auralisation became available on personal computers. 

Since then, algorithms and processing technologies have developed substantially and 

commercial room acoustical simulation today include the possibility of auralisation with your 

built in computer sound card (Vorländer, 2011, p. 72).  

Room acoustics computer simulation software combines acoustic theory and modelling 

software to calculate the trajectory and intensity of sound waves as they are spread around the 

room. Acousticians position a sound source and listening position in a room model and then 

track the direction and level of the sound wave as it arrives at the listener. From this 

information the software can create a 3D representation of how the source would sound like 

for a listener before the room has been built, known as virtual auralisation. Before the 

existence of room acoustics computer simulations, consultants would run calculations 

without being able to observe the results in practice. Room acoustic computer simulation 

software runs simulations in virtual environments and can calculate thousands of reference 

points in a time that otherwise would not be possible. The advantages of the room acoustics 

simulation software has made it an integral part of the industry (Forsyth, 2018). 

Some of the basic concepts of room acoustics computer simulation is modelling, simulations 

and auralisations. Modelling is when the acoustic behaviour of a component is predicted by 

rather limited efforts, simulations and auralisations are when an acoustic object is described 

in a more complex way (Vorländer, 2020). Simulations present acoustical problems in the 

signal domain, while auralisations present it as sound by processing sound signals into an 

audible result (Vorländer, 2011, 2020). Auralisation makes it easier for people to compare 

sound signals more precisely through listening (Vorländer, 2020). Computer simulations are 

when sound recordings and input data such as material properties of a room is processed by 

using geometric models and other methods to solve an acoustic problem and predict a sound 

result (Vorländer, 2013, p. 1206). 

Computer simulations come with some uncertainties and limitations (Vorländer, 2013, p. 

1203). Even environmental conditions such as temperature, pressure and humidity affects 
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how sound behaves in a room (Vorländer, 2013, p. 1212). The accuracy and performance of 

room acoustics computer simulations is validated through modelling existing rooms and then 

comparing the results with measurements in the actual room. Auralisation can be validated 

through listening tests where the simulated sound is compared with recordings done in the 

actual rooms (Vorländer, 2013, p. 1206). 

Uncertainties in room acoustical computer software can be due to shortcoming in the 

algorithms and modelling approaches. A central challenge is to find the appropriate level of 

detail, whereas too much detail causes unnecessary long computing times and it’s necessary 

to compromise between accuracy and effort. Curved surfaces for instance, are very detailed, 

making simplifications necessary. When sound hits an obstacle, it is spread in very complex 

ways. Uncertainties can come from unprecise input data such as models and material 

properties that come from databases, textbooks, manufacturing variations or product 

specifications. But also from statistical simplifications and predictions used to overcome too 

much detail by simplifying the models, or used to overcome uncertainties in input parameters 

by compensating for these (Vorländer, 2013, p. 1207). 

Tests have documented the uncertainties of computer simulations of room acoustics by 

comparing acoustic simulation software against measurement data. The test showed that 

simplifications in the underlying theories used in room acoustics simulation software limits 

the validity of predictions outside limited frequency ranges. Further, auralisations showed 

plausible but not authentic auralisations, and differences between auralisations of room 

models in the software and sound measurement in the actual room were clearly audible. The 

results were accounted to the simplified use of statistics and probability to compensate for 

complex sound phenomenon, and to shortcoming in models of how sound spreads around 

obstacles (Brinkmann et al., 2019).  

 

2.4 Summary 

This chapter has reviewed relevant literature on software development methodologies and 

knowledge sharing, as well as the role of computer simulations as epistemic objects. Finally, 

literature on room acoustics software development was reviewed to understand the 

complexity and challenges involved in developing such software. We have seen that 
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engineering work consists of practices of knowledge sharing and knowledge development 

and needs to be observed in specific contexts, such as acoustical engineering. At the same 

time such practices will necessarily take different forms in specific types of engineering.  

In this thesis we contribute to the field by exploring how a small team of mainly acoustical 

engineers practise the development of complex computer software. By an empirical 

grounding of object dynamics in specific contexts of expertise, epistemic practices can be 

advanced. This can bring new insight into how expert knowledge sharing and development 

happens in work with object construction.  
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3. Theory 

3.1 Characteristics of expert communities 

The concept expert community is related to the special place of knowledge in contemporary 

society. The growing importance of knowledge has been recognized as more and more work 

tasks become specialised and require expert knowledge, and the term knowledge society has 

been used to describe these current realities (Knorr Cetina, 1999, 2001). With this 

development knowledge practices originating from the realm of sciences have spilled over 

into wider society. Still, it is not a new practice, as even renowned engineer achievements 

centuries ago involved the expertise of both professional experts and locals who were the 

ones who knew how to make things work in practice. A prominent feature with expert 

communities today is that they engage in knowledge practices similar to those of scientific 

institutions in order to develop knowledge for practical appliance (Knorr Cetina & 

Reichmann, 2015).  

Expert communities form around knowledge problems linked to specific areas of expertise, 

and take part in processes of learning and knowledge creation linked to wider knowledge 

cultures specific for their expert area. Application of expertise is a characteristic of 

professional experts, but experts are also producers of knowledge by taking part in 

knowledge development practices that are part of wider fields of expertise where they 

produce expert knowledge and integrate knowledge principles in their practical work and 

application. At the same time professions embark into the realm of science attempting to 

combine the principles of science and expert work which may create new cultures of 

knowledge creation. As the sciences, such as engineering, have evolved and become more 

interdisciplinary and interventionist, knowledge is more distributed and more diverse groups 

of actors engage in the knowledge development. This means that more knowledge is being 

developed through the combination of research and practical application in expert 

communities that are part of expert systems linking the wider areas of expertise (Knorr 

Cetina, 1999, pp. 1–25; Knorr Cetina & Reichmann, 2015).  

When an expert community engages with and tries to find solutions to knowledge challenges 

or problems, they introduce more complexity and variation to the area of expertise (Nerland 

& Jensen, 2012, p. 103). The expert community develops specific ways to create and share 
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knowledge both within the group and with the wider community by exploring, developing 

and mobilising different knowledge objects (Nerland & Hasu, 2021, p. 66) which are central 

in the work of expert communities (Knorr Cetina, 2001, p. 1). Working on the objects is a 

driving force for the expert communities to develop their understanding of the problem and 

the field of expertise itself (Werle & Seidl, 2015, p. 70). The expert communities use specific 

logics and ways of organising involving tools, artefacts and institutional arrangements 

together with strategies, visions and procedures to manage and coordinate their work. These 

logics and ways of organising shape the work of the expert communities and how they 

become familiar with the knowledge that constitutes their expertise (Nerland & Jensen, 2014, 

p. 621).  

 

3.2 Expert communities as object-centred  

Experts are highly object-centred, and objects dominate much of their work (Knorr Cetina, 

2001). In epistemic objects problem areas become visible for expert communities to form 

around them. They are drawn towards the unsolved problems and questions in the object’s 

material and symbolic expression. The expert communities bring together different tools, 

ideas, strategies and ways of working and collectively try to solve the problems. When we 

look at the different epistemic objects that the expert community works on we get insight into 

how they address the tasks and problems (Nerland & Jensen, 2012, p. 105).  

Rather than the experts being centred on the objects, the expert community forms around the 

epistemic objects in different constellations and there can be different expert communities 

working on the same area of expertise. The expert communities can be temporal to solve a 

given time-bound problem, or permanent communities to which the expert feels a strong and 

emotional tie. The knowledge issues they form around can also exist across different contexts 

and levels in society. From observing these communities we can get a dynamic understanding 

of how epistemic objects lead to the formation of different expert communities (Nerland & 

Jensen, 2012, p. 116).  

There is a social dimension of expert communities forming around epistemic objects. The 

communities make participation possible and contribute to shaping the identity of its 

members. Identity formation can be similar to the one that takes place in social institutions 
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and the expert communities support the development of stable identities reminiscent of that 

of a community or family. Thus a result of increasing specialisation in society can be the 

existence of more object-focused identities and communities (Nerland & Jensen, 2012, p. 

113). 

The objects, practices, strategies and visions of expert communities are interconnected 

through wider machineries of knowledge construction. They explain how different 

responsibilities are distributed through extended networks where efforts of practitioners, 

researchers and agencies interact in the development and circulation of expert knowledge. By 

looking at the wider machineries of knowledge construction we can explore connections and 

relations between epistemic practices across sites and contexts. This can reveal the dynamics 

of how knowledge practices and culture are interrelated in society today. While some expert 

communities are nationally bound, others take part in global knowledge networks reaching 

out beyond national borders (Nerland & Jensen, 2012). 

These wider machineries of knowledge construction operate on different levels, such as the 

macro, meso and micro-level. The macro level encompasses the specific actors and 

organisations that have a role of verifying expert knowledge and take on specific tasks in 

larger knowledge contexts. These actors bring together knowledge and create standards for 

the knowledge practices of a domain. They also contribute to networking across different 

settings in an expert field. The meso level is where experts show agency when applying 

generalised expert knowledge to specific cases. At the micro level epistemic objects assist the 

process of knowing and have a transformative and stabilising role in expert practices. 

Epistemic objects can connect expert communities with the wider field of expertise and make 

it possible to observe how these practices take place in complex societies where several 

network structures exist in parallel and knowledge is constructed on different sites (Nerland 

& Jensen, 2012, p. 106). 

The interactions between actors in the wider machinery of knowledge construction are driven 

by knowledge dynamics coming from working on the epistemic object. When experts pursue 

knowledge questions elicited from working with epistemic objects, they get involved in the 

extended knowledge settings of the expert field. The interactions can be facilitated by 

intermediaries who check the quality and relevance of the knowledge that is being brought to 

the epistemic object. There are different logics of knowledge production involved in this that 

are governed by the expert communities who possess complex knowledge about the field of 
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expertise. The experts work on the object from different perspectives in these wider 

machineries. You have professional institutions educating new practitioners as well as 

gathering and developing knowledge on the field. You have conferences and international 

networks. Different actors and organisations help keep the knowledge object alive by creating 

infrastructure enabling engagement that is driven by the knowledge dynamics (Nerland & 

Jensen, 2012, pp. 112–116). 

 

3.3 Knowledge sharing through object construction 

Expert communities develop epistemic objects in specific ways though generating and 

sharing knowledge (Nerland & Hasu, 2021, p. 66). Expert communities’ work on epistemic 

objects can lead to knowledge acquisition, knowledge integration and knowledge sharing. 

When an expert community gets emotionally invested and shows intimate attachment 

towards a shared epistemic object it triggers emotional and cognitive trust. Epistemic objects 

motivate experts to mobilise knowledge flows and increase the continuity in knowledge 

generation. The motivation comes from an urge to know, and the experts are kept together in 

joint knowledge work around the epistemic object through shared interest, common goals and 

a need to know what the others know. By establishing relationships with their epistemic 

objects and engaging in knowledge processes expert communities can identify with their 

expert field, leading to more engagement with the field (Liu, 2019).  

The epistemic object gives the members of the expert community an overview of each 

members' expertise which helps them to identify what knowledge they need in a precise way. 

This mechanism of the epistemic objects to elicit the knowledge of the expert community 

members makes it possible for the members to identify what knowledge exists in the 

community. The epistemic objects trigger the development of joint transactive memory in the 

expert community, understood as the community members knowing who knows what. This 

increases collective sensemaking and facilitates a merging of the fragmented pieces of 

information into quality knowledge output. In this way epistemic objects coordinate the 

heterogeneity of knowledge existing in the expert community and incite the generation of 

new knowledge (Liu, 2019). 
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Epistemic objects have a productive and enabling role for knowledge sharing in expert 

communities. It triggers trust and elicits knowledge by establishing temporal expert 

communities around knowledge development processes. When experts working on the 

epistemic object struggle with its materiality and the conflicting strands of knowledge they 

introduce, they gain motivation, get energy and give direction to the knowledge generation 

processes. The focus shifts from experts controlling objects as instruments and tools to how 

the epistemic object and formal management strategies coordinate knowledge that is 

fragmented and heterogeneous to generate new knowledge. Summarised, the epistemic 

objects trigger trust and elicit knowledge which lead to knowledge sharing, knowledge 

acquisition and knowledge integration by coordinating fragmented and heterogeneous 

knowledge in expert communities focused on generating new knowledge (Liu, 2019). 

Computer simulations as an epistemic object can have a special function in contributing to 

knowledge sharing and can be used to generate both theoretic, implicit and practical 

knowledge. For the expert communities working on computer simulations, knowledge 

elicited can be shared and may lead to the generation of possible future artefacts, 

conceivement of alternative theories or generation of knowledge for specific theories (Merz, 

2018).  

 

3.4 Working with epistemic objects 

When a community of experts work with epistemic objects, the object is in the centre of 

knowledge development. This form of work is different from working with technical objects 

as the epistemic objects have distinct properties and consequences for how work takes place 

in expert communities (Knorr Cetina, 1997, 2001). Epistemic objects are created when 

expertise is mobilised to deal with emergent and complex societal problems. They are built 

on knowledge created by science, but are at the same time oriented towards being used 

(Nerland & Jensen, 2012, p. 105).  

The epistemic object is the point of focus in a process of exploration where experts try to 

solve the complex knowledge problems it raises. As the experts explore the object, questions 

are being generated and the object opens itself and its complexity increases as the knowledge 

of the object is increasing (Knorr Cetina, 2001). They are complex combinations of symbolic 
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and material resources that make up the knowledge surrounding a problem (Nerland & 

Jensen, 2012). Epistemic objects can be outputs of an experimental process in science which 

changes as a result of the process, or they can communicate meaning as an input to an 

epistemic work in a process of exploration (Ewenstein & Whyte, 2009, p. 11).  

The experts engage in a process of trying to define and make the object into something 

concrete and material, but it is not possible to exactly define an epistemic object. By 

exploring the epistemic object, its lacks and shortcomings become visible for the experts who 

become painfully aware of them. The epistemic object can be estimated and projected but it is 

never completed. It is in a process where it is continuously changing and unfolding and there 

is always something that is incomplete or not understood about it. The object keeps unfolding 

infinitely and in the process of constantly changing it acquires new properties and changes its 

existing ones. Because it is incomplete, the epistemic object does not completely resemble 

itself, and it can’t give the full picture of the ideal object it is meant to represent. So when 

trying to define it, it is not defined so much from how it is represented today, but how it will 

become at some point (Knorr Cetina, 1997, 2001).  

The expert is bound to the object through a creative and constructive practice. The reason for 

this lies in how the epistemic object unfolds and reveals itself, making the expert want to 

continue to develop the object. When the lacks becomes visible in the object the object gives 

suggestions on how it can be unfolded further which gives the epistemic object a signifying 

force. Signifying in the sense that it leads the expert to explore the object in a new way and 

engage in meaning producing (Knorr Cetina, 1997). Because of their inner complexity they 

open up a range of opportunities when being explored. The objects consist of a variety of 

artefacts and resources that are interconnected and hold multiple opportunities for being 

explored and used (Nerland & Jensen, 2012). 

Through the process of unfolding the epistemic objects become divided into many partial 

objects or instantiations of the objects. The partial objects represent the object, but as the 

epistemic object continuously changes to become what it lacks, new temporary partial objects 

are being made. Each of the instantiations are true epistemic objects as the epistemic object 

can exist as a variety of forms and the many partial objects are always in relation to the 

epistemic object as a whole. They have the same quality of being able to unfold as any other 

partial object (Knorr Cetina, 2001). 
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The signifying force of the existing partial objects drives the creation of new epistemic 

objects by giving directions and demonstrating its needs for further development. The 

signifying force of partial epistemic objects directs future exploration and leads to the 

generation of new meaning and practice. It signals constructive ways of extending practice by 

opening up strings of possible paths forward that experts can follow (Knorr Cetina, 1997, 

2001). 

It is in the form of a partial object where the investigation of epistemic objects takes place 

and where subjects can interact with the object. The epistemic object itself remains reachable 

only through partial objects. The representation of the epistemic object is available for the 

subject to manipulate and explore its properties. They represent something larger than the 

object itself such as knowledge that is not yet known and as objects of exploration they 

generate interest and motivation (Werle & Seidl, 2015, p. 70). The epistemic object changes 

as its representation is changed, and the material instantiations are thus a crucial dimension 

where practitioners interact to develop knowledge. By being both, epistemic objects bridge 

the dimensions between the abstract epistemic object and its concrete material instantiation 

(Ewenstein & Whyte, 2009, p. 11). Partial objects help understand the function of the object 

when working with epistemic objects. It functions both as a mediator and a material 

instantiation which can be used to work out ambiguities and generate meaning, but also 

creates some limits to the dynamics by coordinating the experts input and allowing for some 

parts to be stabilised while others are being developed. It can also be used to exert control by 

defining what practices are internal and which take place publicly, who control the use of the 

object and who are being held accountable (Tronsmo & Nerland, 2018, p. 35). 

Epistemic objects will need to be materially defined in order for professionals to explore and 

develop them further. By materialising the epistemic object, it is stopped from continuously 

changing. This can be done by ignoring the lacks and discrepancies of the object. It can then 

gain a material identity making it possible to use it for a particular purpose. Computer 

software can be used as an example of how experts can stabilise objects. Computer software 

is constantly changing and unfolding as experts write, run and update code according to their 

changing interests. Simultaneously they serve a user community and issue different versions, 

updates and editions of the code for them. The different modifications made to the code are 

compiled into versions and updates that are familiar to the users and the developers take 

special efforts to meet the users' needs (Knorr Cetina, 2001).  
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When an object is materialised it takes a more fixed identity as closed, determined and 

defined. It is no longer a problematic object, but takes the form as a tool that can be applied 

in practices, taking the state as a technical object rather than epistemic and question 

generating (Ewenstein & Whyte, 2009, p. 12). Epistemic things can be transformed into 

technical objects and act as an infrastructure for further innovation and knowledge 

generation. Computer simulations spread innovation processes over time, actors and contexts 

who engage with the simulations, making its stabilisation partial and temporary (Merz, 2018, 

p. 336). Epistemic objects are complex artefacts and act as both a tool and an object of 

investigation in a concrete epistemic practice. They can be used both for exploration as well 

as an instrument, and switch between the two in processes of exploration and confirmation. 

Epistemic objects influence how expert communities develop knowledge, giving way to 

epistemic practices (Nerland & Jensen, 2012). 

 

3.5 Epistemic practices 

Expert communities engage in epistemic practices when working with epistemic objects. 

Epistemic practices take place when an expert is faced with a new problem which makes 

them have to relate to an object in a different way. While many daily uses of objects are 

automatised and routine, epistemic practices start working when the relation between a 

subject and object becomes disconnected and non-routine (Knorr Cetina, 1997, 2001).  

Epistemic practice comes from the separation between subject and object and is a form of 

dynamic relations that can be understood as disruptive, creative and constructive. It is in 

contrast to the routine, rule based and iterative practices that come from using objects in a 

technical and instrumental way. The dynamic relationship drives the transformation of both 

the epistemic practice and its epistemic object (Knorr Cetina, 2001). The relationship may 

also be multi-actor, and not just between one person and an object (Ewenstein & Whyte, 

2009, p. 12) and epistemic objects become further developed and passed around as experts in 

different contexts engage with them though exploring their complexity and materialising their 

potential uses in their own activities (Nerland & Jensen, 2012).  

An epistemic practice focusing on epistemic objects enables experts to explore complex 

problems, access knowledge resources, and identify open opportunities and temporal 



 

 

27 

 

solutions. The flexibility of epistemic objects to take on different roles in a system of 

experimentation supports their continued existence. They have the ability to structure practice 

and give directions on how they can be used and further explored. They demonstrate what 

experts do with knowledge and how they engage to develop knowledge and practice. Here 

work shifts between exploring and confirming practices such as exploration and testing 

(exploring practices) and validation and documentation (confirming practices). Exploring 

practices contribute to the unfolding of the epistemic object. They open up new possibilities 

for elaboration and project new partial objects and possibilities. Confirming practices on the 

other hand, helps stabilise and fix the object, making temporary materialisations possible. 

Together they make it possible for experts to handle complex challenges (Nerland & Jensen, 

2012). 

 

3.5.1 Epistemic practices in engineering 

In engineering Cunningham & Kelly (2017) identifies 16 epistemic practices that cover 

important aspects for engineering. They divide them into a framework of four partially 

overlapping and interconnecting categories; engineering in social contexts, uses of data and 

evidence to make decisions, tools and strategies for problem solving, and finding solutions 

through creativity and innovation (see Table 1).  

The first category is engineering in social contexts and refers to how engineering problems 

and knowledge originate from social needs and are solved through social processes, including 

evaluation by clients. The practices can be external or internal. External is when the problems 

and solutions take place in social settings external to the internal processes of the team, and 

where the problems are situated in varied contexts and dependent on local conditions. Internal 

is the ways engineering takes place socially within the team. Internal practices deal with the 

inner workings of engineering teams. Her most work happens as collaboration among team 

members. Engineers work based on knowledge, practices and norms of the community and 

generate social knowledge through social interaction based on the community norms and 

existing knowledge (Cunningham & Kelly, 2017).  
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Table 1: Epistemic practices in engineering 

 

The second category is uses of data and evidence to make decisions. Engineering is highly 

empirical and interaction with the world, and data and evidence is fundamental for effective 

engineering. Evidence is central to how engineers construct knowledge to solve problems by 

understanding users’ needs, assessing problems or challenges, testing parameters, building 

effective prototypes, testing models and designs in context and presenting solutions to clients. 

The third category is tools and strategies for problem solving and refer to the evolving tools 

and strategies used in problem solving, providing analysis and designing solutions. These are 

used in epistemic practices that lead to knowledge being embodied in solutions. Engineers 

define problem solving as central to engineering. The fourth category is finding solutions 

through creativity and innovation. The reasoning processes in engineering are highly context 

dependent, making creativity important for innovation and finding solutions. Many of the 

other practices connect with this.  
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Cunningham & Kelly (2017) find that epistemic practices have four characteristics. They are 

interactional and constructed among people through joint activity. They are contextual and 

situated in social practices and cultural norms for presenting, representing and assessing 

knowledge claims. They are intertextual, and semantic representations are referenced, 

reviewed, appropriated, interpreted and reinterpreted through social practice in coherent and 

interactionally recognised ways of communication. They are consequential and how 

knowledge is created, represented, evaluated and legitimised have consequences for what and 

whose knowledge counts when the practice is recognised in a related epistemic culture. 

 

3.6 Summary 

This chapter presents a theoretic framework based on conceptualisations of expert 

communities, epistemic objects and epistemic practices in the works of Knorr Cetina and 

related theorisations within professional and engineering work. First, we explained what 

expert communities are, how they are object centred and share knowledge through object 

construction, further we explored what working with epistemic objects entails and how they 

happen through expert communities engaging in epistemic practices. We will here summarise 

the concepts and present how they will be used in the analysis.  

Expert communities form around knowledge problems linked to specific areas of expertise 

and engage in knowledge practices similar to those of scientific institutions to develop 

knowledge for practical appliance. Combining scientific and expert work they create new 

cultures of knowledge creation using specific logics and ways of organising that shape the 

work and expertise of the community (Knorr Cetina & Reichmann, 2015; Nerland & Jensen, 

2014). 

Working on objects is a driving force for expert communities to develop their understanding 

of the problem and the field of expertise itself. Expert community forms around the epistemic 

objects and observing these communities help us understand how this happens. The 

knowledge dynamics from working on the epistemic object drives the interactions between 

the actors in the wider machineries of knowledge construction (Nerland & Jensen, 2012). 

Epistemic object work is in the centre of the knowledge work of expert communities. 

Epistemic objects are the focus of complex problem solving and are based on scientific 
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knowledge, but oriented towards use. Their distinct properties have implications for how 

work takes place (see Table 2).  

 

Table 2: Characteristics of epistemic objects 

 

Epistemic practices are the specific practices and dynamic relationship experts engage in 

when developing knowledge and practice, or what experts do when working with epistemic 

objects. Epistemic practices enable experts to explore complex problems, access knowledge 

resources and identify open opportunities and temporal solutions. The epistemic object is 

flexible to take on different roles as an object of exploration which structure practice and give 

direction for future exploration (Knorr Cetina, 2001; Nerland & Jensen, 2012). 
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Knowledge sharing and generation is central to the specific ways expert communities develop 

epistemic objects. Driven by an urge to know, epistemic objects motivate experts to take part 

in joint knowledge work, mobilise knowledge flows and increase the frequency of knowledge 

generation (Liu, 2019). Computer simulations contribute to knowledge sharing through their 

own dynamics of innovation where they raise new questions and answer existing ones, acting 

as a mediator between theory and experimentation (Merz, 2018). 

The concepts presented in this chapter compromise an analytical framework that first will be 

used to inform categories and structure the presentation of our data in the analysis, 

demonstrating how expert communities share and develop knowledge by working with 

epistemic objects, and second to discuss how our findings relate to and inform the theoretical 

concepts in the discussion.  
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4. Methodology 

This chapter presents our empirical work and approaches to the data collection by justifying 

our assessments and presenting our reflections during the research process, with the purpose 

of presenting our work as transparent and credible. 

The aim of this master thesis is to explore how knowledge sharing and knowledge 

development takes place in highly specialised knowledge work. To increase our 

understanding of this we based our empirical work on a team of experts that collaborated on 

developing software for room acoustics and studied how they as an expert community shared 

and developed knowledge, and what challenges the team faced while working on their joint 

epistemic objects. 

The subchapters below present our methodological decisions and assessments and are based 

on relevant methodological literature to provide a thorough foundation to answer our research 

problem.  

 

4.1 Research Design 

The choice of research strategy, design and method must be tailored to the research question 

being investigated (Bryman, 2016, p. 36). Given the aim of our study we considered that we 

would benefit from a qualitative approach because qualitative research is a strategy that 

emphasises words rather than quantification in the collection and analysis of data (Bryman, 

2016, p. 374) and as we were interested in understanding how knowledge development and 

knowledge sharing took place in the particular expert community that we studied, and in what 

ways epistemic objects and practices contributed to the development of knowledge, we 

considered that this approach would provide us with relevant and useful data through semi-

structured interviews and observations.  

 

Case study design  

Our study is based on a company composed of seven experts and one secretary collaborating 

on developing a comprehensive software solution for room acoustics. The software has 

existed for almost 40 years, and the years invested in the development has provided a reliable 
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software with a wide range of applications developed by the team of experts. Given their 

history and background we considered the company qualified as a case that could provide an 

environment where we could investigate this particular expert community and how the 

development and sharing of knowledge were facilitated by working with joint epistemic 

objects.   

 

Choice of methods for data collection  

The research design helps present a structure of the topics to be focused on, relevant 

participants for interview and observations, as well as an idea of where and how the 

interviews and observations are to be carried out (Thagaard, 2018). Our aim was to get a 

deeper understanding of the team’s experiences and thoughts regarding their knowledge 

sharing activities when working with their joint epistemic objects. To collect such data, we 

decided to start our data collection process with an initial semi-structured interview with all 

eight employees of the company to familiarise ourselves with their educational background 

and areas of expertise individually, and how they experienced their own practices and 

interactions as a team. 

 

The research process for qualitative research is emergent, meaning that the initial plan for the 

research cannot be followed to the exact detail (Creswell, 2013, p. 47). As we had finished 

the initial rounds of interviews, we discovered several objects that we considered interesting 

and wanted to follow up on. We therefore developed a follow-up interview guide and planned 

to interview four members of the team who were directly involved in the development of the 

objects of interest.  

 

The key idea behind qualitative research is to learn about the problem or issue from 

participants and engage in the best practice to obtain information (Creswell, 2013, p. 45). We 

considered it necessary to develop a research design that allowed us to gain a thorough 

understanding of the team's knowledge sharing activities and how those activities could be 

understood through working with epistemic objects. To gain a broad understanding of the 

teams’ work we conducted both interviews to get the informants' own descriptions, and 

observations to get a broader understanding of how their work unfolded in real life.  
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We made six observations of the team’s weekly meetings over a period of six weeks. A 

potential challenge in observational studies is to be able to choose a relevant time and place 

where the researchers can collect observational data relevant to the research problem (Tjora, 

2017, p. 55). Because of travel restrictions in conjunction with the Corona pandemic we 

decided to conduct the observations of the weekly meetings digitally and observe via zoom, 

like we had done with the initial interviews. Yet, qualitative researchers often collect data in 

the field where the participants experience the issue or problem under study (Creswell, 2013, 

p. 45), so with this in mind, as soon as the travel restrictions were repealed, we had a one 

week visit to the company’s office to conduct the follow-up interviews and be able to observe 

the team while being physically present. We felt strongly that this was important to prioritise 

given that one of our main interests in this study was to get an understanding of how the team 

interacted with each other and shared and developed knowledge. We also saw it as an 

opportunity to be able to discover potential non-communicated knowledge sharing activities 

that the team perhaps were not observant of themselves or knew how to explain.  

Research methods such as participant observation and semi-structured interviewing are used 

so that the researchers can keep an open mind about the shape of what they need to know 

about, so that the concepts and theories can emerge out of the data (Bryman, 2016, p. 10). We 

organised our empirical work as shown in Table 3, by conducting both initial and follow up 

interviews, as well as making observations and collecting documents. 
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4.2 Selection of case and recruitment of participants 

Qualitative studies can be characterised by a limited number of people and because of the 

relatively small sample it’s important that the selection is well adjusted to the research 

problem, so that the analysis can provide an understanding of the phenomena we are 

interested in (Thagaard, 2018, p. 54). We recruited our participants based on their suitability 

as a team, as we see them as a true expert community collaborating on developing a highly 

specialised software for room acoustics, and from our point of view this particular selection 

could provide us with relevant insight and empirical data that could contribute positively in 

answering our research questions, as well as our broader research problem.   

 

 

Table 3: Data collection 
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Case description 

Our case company produced a simulation software for room acoustics that was sold and 

distributed globally and was initially started as a university project in the 1980’s. The 

software was developed for acousticians and building consultants and its functions can 

roughly be divided into two main areas consisting of room acoustic simulations and sound 

measurements.  

The software is based on scientific theories and international standards of room acoustics, and 

has been constantly developing for 40 years with new improved versions, new functionalities 

following the development in scientific theories and the needs of the users. 

The team mainly consisted of employees with a masters or PhD in acoustics, a specialisation 

within engineering studies. Within the team there was also a person with a high level of 

competence within the fields of astronomy and astrophysics and mathematical modelling. In 

addition, there was a secretary responsible for sales and marketing.  

The team was composed of a manager, the founder, a secretary, four employees and a student 

assistant. Their main tasks were to work on areas such as research and development, 

providing technical support and making video tutorials and instructional videos for the users 

of the software. The employees produced scientific papers and participated in international 

acoustical conferences. The company also had a board of four, representing consulting 

companies who are also users of the software. Due to the tight connection with the university, 

the company provided free software access for students and staff for educational purposes in 

exchange for access to the acoustics facilities of the university. 

 

4.3 Approaches to data collection 

To gain a broad understanding of how the company was structured and how they organised 

their work, we decided to interview all the employees, and collected a thorough empirical 

database composed of several semi-structured interviews and observations. We prepared 

various versions of interview- and observation guides and worked our way systematically 

through all of them to ensure that we covered all the relevant parts of the team's activities. 
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We ended up with two thoroughly planned interview guides, one for the initial round of 

interviews (see Appendix D), and one for the follow up interviews (see Appendix E), in 

addition to one observation form (see Appendix G) that we used both for digital and physical 

observations.  

 

a) Interview guide  

As we were interested in gaining rich descriptions from the team members we decided on a 

semi-structured interview, which is usually referred to as an approach that allows us to 

prepare more general questions and allows us as interviewers some latitude to ask further 

questions in response to what we see as significant replies (Bryman, 2016, p. 201). 

As the team used English as their preferred work language, we decided to do so as well, and 

prepared our interview- and observation guides accordingly. Since we collected our data 

material in English, we further decided to write our thesis in English to preserve the essence 

of the data material and provide accurate quotes and descriptions from the informants. We 

chose to structure the interviews thematically to ensure that we covered all the relevant areas 

of their work. Mainly we wanted to capture the informants’ own descriptions on how they 

experienced their knowledge sharing activities and how the professional interaction among 

them as experts contributed to the development of their shared epistemic object.  

We structured our interviews based on four topics with associated sub-questions, using the 

same topics both for the initial and the group interviews. The topics were: 

introduction/background, team organisation, knowledge sharing, and epistemic objects. In 

the follow up interviews, we adjusted the topics to focus on the development of the epistemic 

objects we wanted to explore further. The topics for follow-up interviews were: origin (of the 

object), team collaboration, knowledge sharing and epistemic practices. 

We decided to start the initial and group interviews with open-ended questions to get broad 

insight into the informants’ educational background and a better understanding of their areas 

of competence and expertise. We started the interviews with topics that could be perceived as 

“safe” and hopefully seem easy to talk about, to facilitate a comfortable flow and safe 

environment throughout the interview. We considered it appropriate to follow up with a topic 

concerning them as a team to gain an understanding of how their educational backgrounds 
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and areas of expertise worked together, and how they organised and coordinated their 

knowledge as a team. Considering our research problem, we decided to include the topic of 

knowledge sharing in our interview guides with the purpose of collecting rich descriptions of 

knowledge sharing activities from the team. We also focused on providing questions that 

allowed the informants to elaborate on potential challenges they had faced when developing 

the software. The fourth and final topic referred to epistemic objects. We considered it 

appropriate to introduce this topic at the end of the interview as we thought it would be useful 

to have gained the insight and knowledge from the previous themes as background 

information to better understand the description related to the work with epistemic objects.  

 

b) Conducting interviews   

As part of the preparations for the interviews, we conducted a test interview to get as relevant 

results as possible from the actual interviews. The test interview was conducted with an 

informant who had a background from designing and developing epistemic objects to test 

whether the questions we had prepared were understandable and possible to answer from a 

technical design perspective. The purpose of the test interview was to experience how it 

would be to conduct the interview as we had planned it in our interview guide. Our main 

focus during the test interview was the time frame and general flow throughout the interview 

and attention to structure and the formulations of our questions. The test-interview revealed 

that we would benefit from changing some questions to become more precise. As a result of 

the test-interview, we went through the interview guide and identified some changes that 

needed to be made and did the necessary adjustments to be better prepared for conducting the 

initial interviews.  

 

Initial interviews  

Our case company is a foreign company with offices located abroad, and corona restrictions 

were still in place at the time of data collection. This made it necessary to conduct the initial 

interviews digitally. We created a digital timetable where the employees could book a 

suitable time for their interviews, and we used Zoom to conduct the interviews. Each 

interview was estimated to last from 45 minutes to an hour.  



 

 

39 

 

We thoroughly planned how to conduct the interviews and had two main areas of 

responsibility during the interviews. One was to welcome the informant and introduce us and 

our research project. This role was in charge of paying attention to interesting new topics that 

we could pursue, whereas the other role was in charge of leading the interview following the 

interview guide. During our first interview we discovered that some of the question 

formulations in our guide would interfere with the flow of the interview. After the first 

interview we sat down and tried to identify and reformulate the questions that had caused the 

problems. We experienced during the second interview that we had managed to identify the 

formulations that caused the problems and we did not experience the same misunderstanding 

that we did in the first interview. Based on this we updated our interview guide for the 

upcoming interviews. These changes can be seen in the initial interview guide (see Appendix 

D). After each interview, we sat down and shared our immediate thoughts and wrote a short 

report with the highlights and potential paths for us to follow. As we had conducted several 

interviews, we discovered that our knowledge on our informants’ activities had increased and 

we experienced a saturation in the answers, where for each interview less information was 

new to us. This led to an overall better understanding and made it possible for us to ask more 

relevant follow-up questions. Considering our research problem this broader insight also led 

us to finding interesting and relevant paths that we decided to pursue with follow-up 

interviews.  

 

Follow-up interviews  

From the initial interviews we hoped to identify specific examples that could illustrate the 

processes of how knowledge is shared and developed in this expert community. We identified 

two particularly interesting objects that we saw as relevant contributions in answering our 

research problem. These were two different types of objects, one being a software feature and 

the other a hardware stand-alone object. Both shed light on interesting aspects of knowledge 

sharing through their function as partial epistemic objects.  

We contacted the informants who were responsible for the development of each object and 

planned for a follow-up interview. The purpose was to gain further insight on the 

development process, and get detailed information on how the developers documented their 

work, as well as rich descriptions on their knowledge sharing processes when working on 
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their respective objects. We decided to conduct four follow-up interviews, and created a new 

updated guide (see Appendix E) specifically tailored to the objects we wanted to examine. 

Based on the main topics from the initial guide we developed new questions that would 

facilitate detailed descriptions of the object, as well as the informants’ own experiences and 

thoughts from having developed these objects.  

 

Group interviews 

Our team of experts were a small, specialised team with a high level of knowledge and 

competence within their fields of expertise, and they depended on a high level of cooperation 

and close communication to manage some of their more complex tasks. In order for us to 

gain valuable insight on the team's everyday work we decided to conduct a group interview 

where everyone was physically gathered to learn more about them as a team, and hear their 

descriptions of the teams’ cooperation processes when solving complex challenges together. 

We used the same template (see Appendix F) as we had used in the previous interviews with 

four main themes - background, team, knowledge sharing and epistemic objects. We chose to 

use the same themes as a basis throughout all our interviews to provide a structure that we 

could benefit from when we were to systematically analyse our data and compare answers 

from different interviews within the same topics. Similar to the follow-up interviews, the 

group interview was conducted as a part of our visit to the company’s offices. We sat 

together in their meeting room and completed the interview within one hour. Every team 

member except one (who worked remotely from abroad and could not attend physically) 

participated in the interview, which provided us with interesting and relevant data for further 

analysis.  

 

c) Observation 

We decided to observe the teams’ weekly meeting over a period of six weeks so that we 

could follow the development of the team's many projects over time. We focused on 

observing how they as an expert community shared knowledge that contributed to the 

development of their joint epistemic objects. We considered it useful for us to observe several 

meetings so that we could follow the team over time and get a better understanding of how 

their projects developed and observe in practice how the team proceeded to solve complex 



 

 

41 

 

challenges that occurred during the development of the objects. The observation gave us a 

more holistic understanding of how the team worked by letting us observe them in a natural 

working setting.  

We prepared for the observations in the same way as we did with the interview guides, and 

developed a template (see Appendix G) by discussing relevant themes that we found 

interesting to investigate further. We came up with four themes that we used to categorise our 

observations with suitable subthemes to focus on during observations. The main themes 

were: organisation of work, relations and dynamics, tools and objects, and knowledge 

sharing. 

We used these themes as a basis and wrote individual notes that we compared after each 

observation trying to identify key findings. We conducted a total of six observations, whereas 

five were digital and one where we were physically present at the office.  

 

Digital weekly meetings 

We observed the majority of the meetings digitally using Zoom. We received a link in 

advance that provided us with easy access to the meetings. We started our observation a week 

later than planned due to a technical issue, but with that issue sorted out we were ready to 

start our observations the week after and the team had more time to get accustomed to the 

idea of our presence. The team was already used to other team members attending the 

meetings digitally, so to our knowledge, our digital presents did not interfere with the way 

they usually held their meetings. As the video screen in the meeting room only showed the 

last speaker, our visibility was low in the meeting room where most attended from. 

During our first observations we did a short presentation introducing ourselves and our 

project for us to get to know the team and for them to get to know us. We also wanted to 

provide the team with the opportunity to ask questions about the project. After we had 

finished our presentation and answered questions from the team they proceeded with their 

meeting as usual, and we observed as planned.  
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Physical weekly meeting 

During our visit to the company’s office we also conducted a physical observation. Even 

though we were present in the room we kept some distance and tried not to interfere with the 

meeting. It was the third day of our visit to the company and we had gotten better acquainted 

with most of them through joint lunches and follow-up interviews. We experienced that they 

were getting used to us being present as they took less and less notice of us, but we were 

aware that our presence also could affect their behaviour during the meeting. Despite this we 

found that the team were fully focused on their meeting schedule and the meeting followed 

the same structure and dynamics as during digital observations. For our part we conducted 

the observations in the same way as when we observed digitally and took notes that we 

compared and discussed after the meeting.  

 

d) other data sources   

Other data sources that we collected were pictures that we took during our stay, which the 

team were informed about and agreed to. We also received models, sketches and 

documentation that provided us with more information on the objects that we were 

particularly interested in, as well as access to the managers internal meeting schedule so that 

we could follow the progress.  

 

4.4 Analytical Approach  

The analysis process involves converting the collected empirical data from oral to written 

data material (Thagaard, 2018). We converted our empirical data from oral to written by 

transcribing the interviews, we also coded our transcribed data with the purpose of achieving 

a comprehensive understanding of the themes we have studied, and facilitating a systematic 

analysis process.  
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Audio recordings 

Audio recordings provide the most comprehensive information about the dialog between the 

researcher and the informant (Thagaard, 2018, p. 111). We made informed audio recordings 

of all of our interviews, both the ones we conducted physically and digitally. During our 

digital interviews and observations, we recorded the audio from the video conferences 

conducted through Zoom, and stored the audio files in accordance with ethical guidelines and 

general data protection regulations (GDPR). The advantage of recording is that everything 

being said during the interviews is safely preserved which provides us with the opportunity to 

fully concentrate on following the interview guide and pay attention to the informant’s 

answers and ask relevant follow-up questions. Audio recordings are only used when the 

informants have given their permission (Thagaard, 2018, p. 112). We collected consent (see 

Appendix C) through an inquiry that we sent out in advance where we gave comprehensive 

information regarding the data collection process and their rights as participants in our project 

(see Appendix B). In addition to this, we also informed the participants that we made audio 

recordings and their right to withdraw their consent at any time prior to each interview.  

 

Transcribing 

Transcription is an important part of the analysis process as it is the most effective way of 

converting our data from oral to text material (Thagaard, 2018, p. 112). Our initial plan, 

having recorded every interview, was to listen to the file and write it into a transcribing 

program. This turned out to be a challenge, and we tried several methods for transcription. 

We started to manually transcribe some interviews directly from the audio file, but 

discovered that this was both time-consuming and presented challenges as we at this early 

stage did not have a comprehensive understanding of our informants’ professional language. 

This caused challenges during the transcribing process as some descriptions were hard to 

comprehend. As a result of this we started using NVivo (NVivo, n.d.), a tool that 

complements the work of researchers using qualitative methods in which we also did all our 

coding. Even though we spent some time learning how to use NVivo, it turned out to be a 

time-saver, and allowed us to save valuable time from analysing the content manually and 

gain a comprehensive understanding of our collected material.  
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We divided the transcription of the interviews equally between us and decided that each 

should transcribe the interviews where we did not have the leading role ourselves. Although 

we were both present during all interviews, we made this decision because we wanted both to 

be involved in all interviews, either by leading or transcribing them. All identifying 

information such as names of employees, the company name or name of the software were 

removed from the transcripts, and the names of the team members were replaced with 

pseudonyms. We decided to use pseudonyms to preserve the personal approach the team had 

to their projects while keeping them anonymous.   

The initial interviews lasted about an hour and the follow-up interviews varied between 30 

minutes to an hour. We wanted to preserve as much of the content and descriptions as 

possible and we therefore chose to transcribe all the interviews in their entirety to ensure that 

we did not miss out on important information, which also provided us with a comprehensive 

basis for the analysis.  
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Thematic analysis  

To analyse the collected data material, we have chosen to use thematic analysis, which is a 

method for identifying, analysing and reporting patterns (themes) within data (Braun & 

Clarke, 2006, p. 6), see Table 4. 

 

Familiarising ourselves with our data  

The first phase of a thematic analysis involves familiarising ourselves with our collected data 

material. As described by (Braun & Clarke, 2006, p. 16), it was vital that we immersed 

ourselves in the data to the extent that we were familiar with the depth and breadth of the 

content. We started this process after the completion of each interview where we wrote down 

our immediate reflections and discussed them with each other. After we had completed all 

our initial interviews, we started the process of transcribing and familiarising ourselves with 

the material through text. According to Braun & Clarke (2006) it is ideal to read through the 

entire data set at least once before coding it, as our ideas, identification of possible patterns 

Table 4: Thematic analysis 
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will be shaped as we read through it. We both read all transcriptions so that we became 

familiar with the content of each interview and could detect relevant patterns for coding.   

 

Generating initial codes  

Once we had gotten to know our data material 

through transcribing, we proceeded with the 

second phase, which is presented by Braun & 

Clarke (2006) as the production of initial codes 

from the data based on features that appeared 

interesting to us. Building on the work we had 

done in the previous phase we started generating 

initial codes individually, using mind maps (see 

Picture 1). Further we compared our work and 

agreed on codes that seemed relevant and 

continued developing more codes together which 

finally provided us with an overview of our 

material by organising our data into what Braun 

& Clarke (2006) describe as meaningful groups.  

 

Searching for themes 

During this phase the intention is to re-focus the analysis at the broader level of themes rather 

than codes, which is described by Braun & Clarke (2006) as sorting the different codes into 

potential themes. We started working individually, placing the codes into broader themes that 

could be useful visualising the contours of the story we wanted to tell through our data 

material. We found it helpful to collaborate on finding potential themes and then continue to 

collect relevant coding within the identified themes individually (see Picture 2). We also 

compared and discussed our work and how to proceed. 

As argued by Thompson (2022) thematic analysis is an increasingly popular method to 

analyse qualitative data that captures patterns across the raw data and structures the data into 

meaningful themes, and is presented as a flexible technique that can be employed both within 

Picture  1: Initial codes 
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inductive and deductive research designs (Thompson, 2022, p. 1411). As described by Braun 

& Clarke (2006) themes or patterns can be identified in one or two primary ways in thematic 

analysis. There is an inductive “bottom up” way or in an deductive “top down” way (Braun & 

Clarke, 2006, p. 14). A third option within research design is abduction, which aims to find a 

middle ground between inductive and deductive methods (Thompson, 2022, p. 1411). While 

an inductive coding process would develop themes from the data, an abductive coding 

process combines inductive theme development from data with deductive themes from 

theory. Benefits of abductive coding is that it both identifies themes from the data material, 

and informs these themes from theory, contributing to theory development (Thompson, 2022, 

p. 1411).   

 

 

 

 

 

 

 

Reviewing themes  

During this phase it became evident that some themes didn’t serve the purpose of being 

themes the way we initially thought. As described by Braun & Clarke (2006), there could be 

various reasons for why a theme does not work out as expected. In our case it was partly 

because there was not always enough data material to support the themes, or we discovered 

that the data was too diverse. As presented in Braun and Clarke's (2006) paper on how to 

conduct a thematic analysis, there is a dual criteria for judging categories, saying that there 

should be an internal homogeneity and external heterogeneity, meaning that data within the 

themes should cohere meaningfully at the same time as they clearly differs from other 

themes. The main purpose of this phase is to review and refine relevant themes according to 

two levels, where the first one refers to reviewing themes based on the coded data extract, 

Picture  2: Searching for themes 
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and the second level refers to reviewing themes in context of the entire dataset (Braun & 

Clarke, 2006, p. 20). We reviewed our themes accordingly to level one and level two and 

evaluated whether the associated data material was sufficient to preserve the relevant themes.  

From our research problem and theoretical framework, we identified four main themes from 

our data material. These were epistemic objects, expert communities, knowledge sharing and 

challenges (see Picture 3).  

 

 

Picture  3: Reviewing themes 

 

Defining and naming themes  

During this phase, we conducted the final refinement of the themes with the aim of 

identifying the essence of each theme, and potential sub-themes that could provide relevant 

information to our analysis. At this stage of the thematic analysis we had already identified 

four main themes, presented in phase two. But we also identified more themes that proved 

relevant after reviewing the themes in the previous phases of the analysis. New relevant 

themes that were identified were sub-themes that could provide useful information about the 

two objects we decided to study further and follow up on.  

 

Producing the report  

The final step in thematic analysis, as it is presented by Braun & Clarke (2006) is to produce 

a written report in response to our research question. The purpose of the report is to tell the 

story of our data in a way which convinces the reader of the merit and validity of our analysis 
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(Braun & Clarke, 2006 p. 25). The thematic analysis is documented in our analysis chapter 

and discussion chapter. We have presented our empirical work in accordance with the 

structure we have used to present our theoretical framework so that the analysis and 

discussion appear coherent and logical.  

 

4.5 Ethical considerations  

Ethical considerations and legal guidelines are described by Thagaard (2018) as essential in 

all qualitative studies, and that this is because interviews conducted in qualitative research 

involves a direct contact between researcher and informant (Thagaard, 2018). Silverman 

describes that because qualitative research inevitably involves contact with human subjects in 

the field, ethical problems are a key issue (Silverman, 2017, p. 55). Therefore, researchers 

have a responsibility to ensure that the research takes place in accordance with recognized 

research ethics norms at all stages of the research as they are directly related to the integrity 

of the research and the disciplines involved (Bryman, 2016). 

Informed consent is presented by Bryman (2016) a key ethical guideline that aims to describe 

what participation in the project entails, and the research participant should be given as much 

information as might be needed to make an informed decision on whether or not they wish to 

participate (Bryman, 2016, p. 129). Prior to the data collection we sent out an inquiry to all 

the participants where we thoroughly explained the purpose of our project, and that we 

planned to collect data through interviews and observations (see Appendix B). We provided 

information on why they were asked to participate in our project and what participation 

would imply for them. We also informed that it was voluntary, and if they choose to 

participate, they could at any time withdraw their consent without any particular reason. We 

thoroughly explained that they would not be identified in the thesis, that the data is securely 

stored and that we would process the information confidentially and in accordance with the 

data protection regulations, the General Data Protection Regulation and Personal Data Act 

(GDPR).  

With the purpose of maintaining good research ethics, we sent the participants a consent form 

together with the inquiry that we collected written from each participant through mail (see 

Appendix C). Our understanding throughout the project has been that the participants have 



 

 

50 

 

been positive regarding their participation and that they have been willing to share their 

experiences and contribute to increase our understanding of their practices.  

As it is explained by Thagaard (2018) a researcher must develop an ethical awareness and it 

is essential that we treat our informants with respect and protect their autonomy, co- 

determination and integrity (Thagaard, 2018). During our interviews we considered it 

important to create a trusting atmosphere to make the informants feel safe and comfortable 

answering our questions. Given that the relationship between researcher and participant often 

is considered asymmetrical (Thagaard, 2018), we were concerned with appearing credible 

and leading the interviews in a reassuring manner.  

We have collected, processed and analysed the data material in line with research ethical 

guidelines, and we have done our utmost to handle the participants with respect and maintain 

a sincere and honest approach throughout the project. In this context we consider that the 

ethical guidelines have been followed in our research project and appears in line with 

guidelines from NSD (Norwegian Centre for Research Data) 

 

4.6 Credibility / The quality of the study 

In qualitative research the terms reliability and validity are normally used to consider the 

quality of the study (Tjora, 2017, p. 231). The concept of reliability is connected to the 

question of whether a critical evaluation of the project gives the impression that the research 

has been carried out in a reliable and trustworthy manner and refers also to the question of 

whether another researcher will find the same results using the same methods (Thagaard, 

2018, p. 187). To ensure the reliability our aim throughout the process has been to appear 

transparent and open regarding our choices and assessments. We have maintained a focus on 

keeping an open dialog with each other both through writing and conversations. We have 

kept a research diary where we have noted everything we did from meeting to meeting, and 

also what we planned to do the following days or weeks to ensure steady progress and 

transparent work. We used a recorder during all interviews to capture the participants' 

descriptions so that we could reproduce them correctly and ensure reliable information 

through transcribing all interviews. We have followed the group over some time and had two 

rounds of interviews and six observations. We conducted both digital and physical 
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observations and it is possible to argue that this has had an impact on the collected data 

material, as the dynamic may change depending on our physical or digital presence.  

The validity of the study is related to the results of the research and how we interpret our 

data, and the validity of the study is strengthened through critically reviewing the analysis 

process, and questioning our interpretations (Thagaard, 2018, p. 189). We have collaborated 

on analysing and interpreting our data, and we believe that we have benefitted from having 

two sets of eyes on the collected data material as it turned out to be a large amount of 

interviews and observation material. We also believe that being two researchers may have 

contributed positively in maintaining accuracy in terms of the content in the data material, as 

well as it helped clarify potential ambiguities during the process. We have grounded our 

analysis in the data material through thematic analysis and actively used quotes from a 

variety of informants and interviews to increase the transparency and validity of our analysis. 

We have supplemented interview data with observations and individual interviews with 

group interviews focusing on the same themes to strengthen interpretations and allow for 

participants to identify disagreements and correct any misinterpretations. We also considered 

it appropriate to preserve the team's work language so that their descriptions and 

interpretations were not lost in translations. 

 

 

4.7 Summary  

In this chapter we have presented our research design and methodology and approach to the 

data collection with regards to the broader research question of this study. We have done so 

by providing descriptions and justifications of our reflections and assessments with the 

purpose of presenting our work as transparent and credible. We have to the best of our ability 

conducted the study according to research ethical guidelines, and analyses of the data 

material and processing of information regarding research participants have been handled 

with thorough caution and only applied according to research ethical guidelines. We have 

done our utmost to be transparent about the process of planning and implementing our 

research study and achieve reliability and validity in our research.   
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5. Analysis 

5.1 Introduction 

In this chapter we will present and analyse our collected data. We begin by introducing the 

company that we have chosen as our case and provide a descriptive representation of them as 

an expert community with a high level of specialised knowledge. Further we divide the 

analysis chapter into five subchapters. In chapter 5.2 we give a presentation of how the team 

worked as an expert community and how the team worked with several partial objects to 

facilitate knowledge development. Chapter 5.3 deals with epistemic practices and analyses 

how the experts engage in processes of exploration and materialisation. In chapter 5.4 we 

present findings on how the team shares knowledge through working with epistemic objects 

and how knowledge sharing was essential in these practices. Finally, in chapter 5.5 we 

present and discuss some key challenges the experts faced when working on developing the 

software, and how they dealt with the complexity and uncertainty involved. At the very end 

in chapter 5.6 we provide a summary and proceed to the discussion and conclusion of our 

thesis.  

 

5.1.1 The case company  

Our case company produced software for predicting room acoustics and PA-systems in large-

scale buildings and areas such as concert halls, sports stadiums, airport terminals and outdoor 

areas with complex geometry distributed 

world-wide [webpage address not included 

to protect the anonymity of the 

participants]. The company was an active 

part of a university environment, and their 

offices were located close to the acoustics 

facilities of the university. These facilities 

included audio visual immersion labs (see 

Picture 4) and one of the world’s most 
Picture  4: Audio visual immersion lab of the university 
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advanced anechoic rooms (see Picture 5) where the team did measurements and simulations 

for developing and testing new and existing functions of the software. The company provided 

free software access for students and staff 

for educational purposes in exchange for 

access to the acoustics facilities of the 

university. The company also provided 

workshops and courses specially adapted to 

their customers and offered comprehensive 

software training combining demonstrations, 

hands-on exercises and challenging cases 

brought by the users. In addition, the company had a board which was composed of four 

representatives from consulting companies, who were also users of the software themselves 

and contributed with input on new features and plans for development of the software.  

The team comprised eight members with a high level of expertise relevant to our research 

problem within the fields of acoustics, mathematical modelling and computing. The way the 

team was organised indicated a large degree of flexibility and autonomy, regarding work 

hours and location. Most of the team members worked on individual projects such as new 

functionalities for the software or production of theoretical papers for presentation at 

conferences, but usually shared their progress and discussed potential challenges with the rest 

of their team regularly, and it appeared to us as the company had a clear open-door policy 

which made the team available to each 

other.  

The company had four offices where the 

founder, the manager and the sales- and 

marketing secretary each had their own 

office, whilst the rest of the team shared 

an open office space with desks and a 

meeting table (see Picture 6).  

Picture  5: The anechoic chamber of the university 

Picture  6: The team working in the shared office space 
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A weekly meeting was held every Wednesday, and all team members attended either 

physically or digitally. The purpose of the weekly meeting was to update the rest of the team 

on each other’s work and solve and discuss issues related to the software or potential 

challenges. Although the meeting was led by the manager, the overall structure appeared to 

us as non-hierarchical and flat, where every member owned their own projects and shared 

their progress with the team. In addition to managing the team, the manager acted as a 

coordinator who integrated new developments into the software and developed parts himself.  

 

5.2 Working as an expert community 

The team we used as a case to study our research problem consisted of members from six 

different countries world-wide. It emerged from the interviews that the team considered 

themselves a multi-disciplinary team due to their compound educational background from 

various branches of engineering, as well as physics and mathematics. All had their master's or 

PhD background within acoustics or mathematical modelling from the university where the 

company was located. Acoustical engineering was identified as the core disciplinary identity 

among the team members, even by the non-acousticians. Only one team member identified 

software development as their area of expertise. At the same time acoustics was not seen as a 

homogenous field of expertise: “We have a team that is very, how to say, multidisciplinary. 

They're plenty of them that work in acoustics, but I guess acoustic is also very wide and there 

are so many specialties in the team.“ (Luis, initial interview). Their common interests and 

professional identity united them in the work of developing the room acoustic software and 

contributed to us considering them as an expert community. It appeared to us that the 

development work had a strong scientific foundation in theory and research and was driven 

forward by the team’s shared professional background and individual specialities, as well as 

their attention to active communication and collaboration:   

We talk together on a regular basis every day…and some are good on the 

mathematics, and some are good on the physics […] there are different strongpoints  

[…] But it is good to have that… you know, that everybody is not alike, and different 
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things you are good at and different things you find motivating, so it’s very good to 

have that in a team, and that is also where a team really starts to play out, when you 

have different strong sides and you recognise each other for it.  

(Peter, initial interview)  

The team dynamic was characterised by the facilitation of team members' strengths and 

specialties to positively contribute to the development of the software, and they appeared to 

have a large degree of autonomy where the team managed their everyday work tasks and 

work hours independently. According to the interviews, the manager played an overall 

coordinating role and was usually the one who initiated new development projects, as well as 

worked with the integration of the developed projects. From our observations and interviews, 

he was the one who prioritised, made final decisions, coordinated and followed up tasks and 

projects. Even though he as the manager would have the final word, he left a lot of creative 

freedom and responsibility for the developers to further develop the projects. From their own 

descriptions the company had a casual and relaxed atmosphere and way of communication 

that gave the experience of a flat hierarchy. At the same time they respected the knowledge 

and experience of those who had been part of the company the longest. Although the team 

was an expert community who mostly shared the same technical background in acoustics, 

they still contributed to the team with their individual strengths and resources. 

Many of us at the company have like…, we don’t have like a specific task, but we’re 

kind of multitasking and we kind of… imagine like a Venn diagram with plenty of 

circles, then that’s kind of, like how the company works.  (Luis, initial interview) 

This metaphor of the team explains how the members had both intersecting and separate 

skills, being part of a whole and at the same time having their distinctive qualities.  
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5.2.1 The expert community and object work 

The primary epistemic object of our case is a room acoustics simulation software. The 

software was one of the first on the market and was developed at the university over a period 

of seven years before being launched in the 1990’s. It was developed with research funding 

and co-funded by consulting companies who were themselves potential users of the software 

and willing to invest in its development. The software consists of various tools or functions 

related to auralisations, simulations and results of measurements, which are the main outputs 

of the software. While each function has a specific acoustic-related purpose in the software, 

we are mostly interested in how the experts work on developing the functions.  

The work varied from handling short tasks that can be quickly solved, to long-term projects 

that required a lot of resources and collaboration. From our observations, continuous efforts 

were made to match the tasks with the employees in the team, depending on their expertise, 

skills and competences. They all communicated a shared understanding of the importance of 

delegation of tasks. Delegation took place particularly at weekly meetings, as well as through 

the task managing system that assisted in this process. The team also had a shared 

responsibility and division of labour in managing the technical support function, where they 

assisted their customers and users if they experienced issues or bugs in the software.  

As the team described their way of working, different work practices unfolded. How each 

team member preferred to work was closely related to the tasks they were to perform and 

each followed their own individual patterns and schedules. Some preferred being in the office 

where they could talk directly to a colleague discussing a potential issue or challenge, while 

others experienced that their tasks were better solved at home. Regarding research and 

development, the work was described as a dynamic process where “the task is to come up 

with the tasks” (Victor, group interview). The process was driven forward by discussing and 

solving problems that came up in the development process which added new layers of 

complexity and variation to the software and enabled the development of new functions. 

Development problems were described in interviews as being blurry and untransparent, full 

of challenges and uncertainties and the experts were in a continuous process of figuring 

things out. Some challenges were described by the team when it came to working with the 

research and development part where the process was perceived as uncertain and the tasks 
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were not necessarily clearly defined, meaning that a lot of their work was about coming up 

with ideas for new improvements and developments.   

It’s a bit of a challenge, but it’s an exciting one. And when… I think when you are in 

Research and Development you have to face that anyways (…) That’s the nature of 

development.  (Victor, group interview) 

The challenges the expert community raised came from working with epistemic objects. 

 

5.2.2 The expert community and epistemic objects 

From the interviews, two characteristics were prominent in the expert communities' work 

when developing the software, the functions that they intended to develop and the drivers that 

triggered their development:  

So then we try first to identify what we can work on, and what we can improve in the 

software, and that comes from different things, that can come from our own ideas, it 

can come from customers, the customers are really open to giving us suggestions, the 

manager’s ideas as well, the board, so then yeah, when we have these ideas, we kind 

of discuss what makes sense for me to work on and then. (Victor, initial interview) 

The functions were described as either development of new functions or tools in the software 

or improvements and maintenance of existing ones. New functions were also reported to be 

developed based on the knowledge in existing functions. An expressed ideal for the software 

and its functionality was that it should be experienced as both useful and user friendly by the 

end user. The user interface and user needs were thus central considerations in the software 

development. Behind the functions of the software were complex knowledge such as models, 

formulas and algorithms that were coded into the software. A core task of the software was to 

make complex knowledge into visual (simulations) and audible (auralisations) 

representations that were simple to use by the end users: 

I think one of the highlights of [the software] is the whole graphical user interface, 

and how easy it is to like setup functions and run calculations, because there are 
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other software that are not, maybe not exactly like [the software], but they are used 

like for similar things. (Luis, group interview) 

Reaching a version ready for launch and to be used by customers involved a balancing act 

between the level of detail and necessary simplifications, between quality and speed: 

…we try to use kind of practical or engineering thinking. So that is in contrast to 

having a what should I say, a purely hundred percent, perfect idea, thinking that we 

will solve this mathematically correctly and will not deviate from the absolute perfect 

solution. Then our calculation would never finish. So it's important that we find the 

balance between what will work sufficiently well. And yeah, so that is kind of the main 

thinking in the development of the method that we should not necessary go for the 

perfect solution, but it should be as close to perfect as possible, but still within the 

practical limits. (Jacob, initial interview). 

If the software functions involved a too high level of detail, it required too much computer 

power making the software slow and hard to use. On the other hand, if the calculations were 

too simplified, the results became less accurate meaning the output was less reliable. To 

avoid these a compromise was made between the two when working on developing the 

software and its functions.  

Deciding what function to develop was described by the experts as a dynamic team process 

triggered by different drivers in the software development. These drivers were both external 

and internal to the team. External drivers were drivers mentioned in the interviews related to 

developments in the wider field of expertise, and to the stakeholders that used the software 

and had a channel where they could give input. The internal drivers mentioned were related 

to the inner discussions and dynamic processes of the team leading to the decision of what to 

develop next. We start with the external drivers and work our way inwards. The 

developments from the wider field of expertise were driven by professional, technological or 

theoretical concerns.  

Technological developments related to what technology existed and what was considered as 

technologically possible: 

Computers change. There will, we always need to follow closely the development in 

the hardware and development in software, and it is important to keep up to date. 
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Because, well, if there's a new version of the windows coming up or whatever, then we 

need to test it as quickly as possible. To make sure that we don't face any new 

problems. So this is one challenge to follow, that what happens in the technology 

outside of our own company. (Jacob, initial interview) 

As the quote shows, this development could be pushed from the outside. The expert 

community also mentioned professional developments, including new standards and practices 

of sound acoustics such as building models standards and international sound standards, as 

well as acoustic databases.  

Theoretical developments came from research and the development of acoustic theories. Here 

the team of experts described how they both contributed to the development and collected 

knowledge by publishing and reading scientific papers. An example was the company's 

practice of attending international acoustical conferences where they presented papers based 

on their own research and development processes, and preparations for these conferences 

were often discussed in the weekly meetings we observed. The team explained how 

conferences were dynamic arenas of knowledge sharing where theory could be shared and 

discussed, and the company got feedback on the software and the presentation of papers:   

Through conferences there is some knowledge sharing that you can see what others 

have done. Either because we have been there so we see some presentations. Also 

because we have an exhibition booth usually and then we get people coming, stepping 

by discussing with us about the software and new developments. Also because 

actually almost every time when a conference is finished we get to see the 

proceedings, you know all the list of papers and try to see which are relevant for us. 

Maybe some of them use [the software] already or some of them are generally about 

acoustics. And that gives ideas of developing new things. (Adam, initial interview) 

Another important institution was the university, and there was a student assistant on the 

team working for the company while taking their own degree in acoustics, acting as a bridge 

between the company and the university. As part of their work the student assistant made 

measurements and tests that contributed to developing both university knowledge and the 

software. They attended weekly meetings and were highly integrated into the work of the 

company and received support and feedback from the expert community where other team 

members acted as supervisors.  
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Moving from the field of expert knowledge to the field of software development, competitors 

who produced similar software were also described in interviews as drivers for software 

development. The expert community was not stressed about competition, but rather saw them 

as inspiration to develop new functions:  

… we can see for instance in a conference or in their ad if they have developed a new 

feature. And say, mm, yeah maybe that takes part of the competition, maybe we should 

also do something similar or these things. So competitors also you know give 

initiation for developing new features. (Adam, initial interview) 

From the interviews, the team of experts expressed little concern about competition in general 

because of the company policy of being open (see chapter 5.4). Competition was seen as a 

driver for developing new functions and solutions to knowledge problems based on their 

openly available functions and documentation.  

Customers were seen as being in the centre of developments: “It's very much the users that 

push the development and it has been so for decades I think” (Jacob, group interview). From 

the interviews and observations, we could identify several ways in which they drove software 

development. First, they asked for a functioning user interface which was an important 

consideration since the beginning: “I recall that was an extra part in that there was industrial 

partners in it and they kind of asked for a user interface. So that was a big focus that it had a 

user interface.” (Peter, group interview). Second, they expressed needs coming from their use 

of the software and asked for new functionalities to be developed:  

Eh, a very big percentage of the support conversation ends up in improving the 

software. Either because there is actually a bug. The customer says “there's 

something wrong with my calculation, what's going on?”. Sometimes it's their fault 

because they didn't use the procedure correctly. Sometimes it's because we have a 

bug. We just released a new version, something has changed and so on that helps us 

improving the software. Or some other times we figure out that what they do could be 

done in a better way and then we initiate the conversation for a new feature. A new 

tool. Sometimes they come right away and say hey guys I want this tool.  (Adam, 

initial interview) 

Third, they asked for support and gave feedback on the existing software and its 

functionalities which could lead to problem solving, improvements and new functionalities. 
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This was part of a deliberate strategy: “We let people use it. We let people see where it 

performs well and not. And according to that, then we will see what we can do” (Victor, 

follow-up interview). It was then up to the team to translate these needs and requests and 

decide if they lead to changes in the software. Beside customers, another stakeholder was the 

board of the company. According to the team, the main drivers of the board were not 

financial: “the board is only interested in having the best possible tool because they use it 

themselves in their own company” (Jacob, group interview). They contributed by expressing 

needs they had from the software and also gave input to the expert community. What function 

to take on based on the different drivers was decided by the team in internal discussions.  

The internal discussions were part of the dynamic process of selecting functions to develop.  

The company had a long list of potential functions that could be developed:  

I have a long list and then it's mainly me that compiles that list of things that could 

come in, but then we talk about it and we develop sort the idea of what it could be, we 

do go to conferences and sometimes there is a conference paper that came with 

something that could be an inspiration and probably it is not going to look at all like 

that when we put it in the software in the end […] It is a dynamic process so once you 

kind of develop one thing you also learn something new, so it would be, the answer to 

the second problem or third problem wouldn't be the same after you worked on for a 

year, and you might also realised that, that that project over there is undoable, it is 

never going to work, people might not be interested in it after all.  (Peter, initial 

interview) 

The team described several factors that influenced the selection. First, the usefulness of the 

function and if it would improve the usability of the software, as the team raised usability as 

an important feature in the group interview. Second, to push the limits of what was 

technically possible for the software to do acted as a motivation and a driver: “very often I 

just for curiosity test the program to see what way are the limits and especially when the new 

version is getting ready to be launched.” (Jacob, initial interview). Third, fixing “bugs” in the 

software could trigger discussions about new ideas and improvements of existing functions, 

as we observed when discussing support in weekly meetings. Challenges identified in the 

software lead to reflections on how to integrate and combine existing functions in a better 

way.  
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Discussions evolved around sharing ideas: “For like coming up with ideas, actually talking 

them through, talking it through is the best, I think. So, I really enjoy talking with [Daniel, 

Peter or Jacob]…” (Victor, group interview). Coming up with ideas and then sharing them 

with the team for discussion could thus lead to new functions being developed. Sometimes a 

shortcoming in the software was the result of being dependent on a third-party solution that 

did not work optimally, and a new function was developed based on the idea that the 

company could do it better themselves: “Jacob: Yes, so we decided it was better to do it 

ourself. Peter: To build our own.” (group interview). Based on these different considerations 

the team would discuss what part of the software should be the focus of improvement and 

development, also bringing into consideration the current expertise available on the team: 

“there are different persons of each of us that are, have a strength in one area. Both before 

coming here and also if you work more with one thing then you learn more about it” (Peter, 

group interview). While the manager had a final word, he was also dependent on the inner 

motivation of the team members and the function had to be matched with the team member 

who had the optimal expertise to start the knowledge development process.  

 

5.2.3 The Omni source and the material calculator  

From the data material there were particularly two objects that appeared especially interesting 

and relevant to describe the teams’ practises, and which we have chosen as actual and current 

examples of partial epistemic objects. The Omni source is a special loudspeaker used for 

measurements and a stand-alone hardware product. The material calculator is a tool 

developed to be used in the software. In this chapter we will describe these two objects and in 

later chapters use them as examples of epistemic objects, epistemic practices and knowledge 

sharing.  

The Omni source is a special loudspeaker for measurements. The object is a speaker, while 

source refers to its function as a sound source used in measurements. It is a stand-alone 

hardware product with the purpose of making the sound measurement process easier. The 

speaker is a lightweight portable device consisting of a loudspeaker unit with a doughnut-like 

lens with electronics and batteries on top and with a hole in it to enhance high-frequency 

omni directionality, meaning that the loudspeaker transmitted sound in all directions. This 
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loudspeaker is the only hardware product the company has produced and an improvement 

from earlier solutions by competitors. 

The material calculator is a tool developed to be used in the software. It was made from 

scratch as a stand-alone function and later integrated into the software. The software allowed 

the user to calculate how a specific material would reflect sound and the results could then be 

imported into a room model and used to project simulations: 

Basically what you do in there is that you build a stack of layers, all of them having a 

different acoustic properties and then the material calculator will like, yeah, well 

calculate how it reflects and absorbs sound. (Victor, follow-up interview) 

It had different parameters that could be manipulated to match the materials used in the room 

model and it was a part of the input data in the workflow of the computer simulation 

software: “what this tool offers is basically the whole train of thought until you get to the 

simplified result” (Victor, follow-up interview). The material calculator was developed based 

on several acoustic theories, formulas and models that were integrated into the function.  

 

5.2.4 The Omni source as an epistemic object 

The team developed the Omni source with the purpose of solving problems in room acoustic 

measurements. It consists of a single loudspeaker unit, which keeps it small and close to what 

the developers describe as an ideal point source (see Picture 7). The loudspeaker delivers an 

omni-directional sound radiation pattern, with advanced performance at low frequency, while 

being fully portable and wireless.  
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Picture  7: Sketch of the Omni source 

 

It was described in one of the follow-up interviews that there have been several measurement 

sources available within the acoustical field, and that it has been possible to measure room 

acoustics using different sources, although this has caused challenges due to the fact that the  

measurements were not standardised: 

         

So, you could go and measure room acoustics with any kind of source, but then it 

would be a different source every time you had an acoustician going and measuring. 

They are all different. […] So that's not what we wanted from the measurements 

speaker for room acoustics. So therefore, we decided to make it sort of omni 

directional, radiating sound in all directions.  (Peter, follow-up interview) 

  

Due to this the results would vary given the quality of the sources. One of the developers 

explained in their follow up interview that some sources had sufficient directionality which 

was appropriate for hi-fi but were perhaps designed to make adequate radiation directly 

towards one specific point in a room and were therefore not able to capture the room as a 

whole. This was not sufficient from what the developers wanted from a measurement speaker 

and can be perceived as an internal driver that led the team into discussing the possibility of 

developing a speaker for room acoustics that were omni-directional, radiating sound in all 

directions, and at the same time emanating from the needs of end users. 
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It became clear from the follow-up interviews that it was the manager who first initiated the 

development of the Omni source due what they described as years of frustration related to 

problems with room acoustic measurements, both practical and acoustical. The developers 

initially made a version with two speakers against each other that could make an omni-

directional pattern, unfortunately this solution did not give an optimal frequency distribution 

due to sound distortion. As the development process continued more questions were being 

generated regarding the design and the complexity in combining the acoustical requirements 

with the ambitions of keeping the device wireless and portable: 

But the most important thing was once we found the shape, what do we do with all the 

rest? Because we have batteries and we have circuits […] My big idea in this project 

was to decide to put everything, or all the necessary equipment in the lens […] I said, 

since we have that volume on top and we don't really use it for anything else. Why 

don't we use it to stuff everything we can in terms of equipment and batteries and so 

on, and then I started working that way.  (Adam, follow-up interview) 

 

In the process of trying to make the loudspeaker into a concrete hardware unit the developers 

explained in their interviews how they 

started making models of the speaker in an 

external software, experimenting with 

potential designs. Eventually they 

continued with 3D-printed prototypes and 

tested various shapes and ways of putting 

them together (see Picture 8). Once they 

had identified an ideal shape the main 

developer came up with the idea of putting 

all the necessary equipment inside the lens on top of the speaker unit, rather than in the base 

of the speaker.   

 

Picture  8: 3D-printed prototypes for the Omni source 
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5.2.5 The material calculator as an epistemic object 

From follow-up interviews with the main developers, we gained insight into the complexity 

of the material calculator and how it was developed. The material calculator combined 

several layers of material properties each made up of different theoretical models, in order to 

produce a final output. The idea of the tool came from the main developer who felt a great 

ownership to the project:  

I guess, that I feel it's a bit my baby. The way as I said it is like. I think one of the most 

rewarding things of the, like all the programming thing, when you actually build 

something and it works and people like it and people use it. So that's very nice. 

(Victor, follow-up interview) 

The tool built on the existing software and research on material properties coming from 

amongst others “Victors” acoustics PhD and research of the senior researcher. It could 

perform multiple functions and had been developed from scratch as a stand-alone tool using 

Delphi integrated development environment, the same development environment used to 

develop the rest of the software. The tool was developed separately and later integrated into 

the main software. Developing it from scratch gave the main developer a unique 

understanding: “it was also for me a way to understand how the whole architecture works ... 

which was very interesting” (Victor, follow-up interview) and he described the process as a 

great learning experience involving several rounds of collecting, reading and discussing 

expert knowledge. The main function was to calculate how materials reflect and absorb 

sound, but the tool also had several new experimental functions. In the tool the user could 

compile different materials in layers, the order and properties could then be manipulated by 

changing different parameters:  

So if you take this particular example, we start with a rigid termination so that can be 

a wall. Something hard, then here we have a cavity.[...]. So we make this little 

illustration of it. And then for each of these layers you can kind of change some 

parameters. And see how it changes, the absorption coefficient. So how sound is 

absorbed for things.  (Victor, follow-up interview) 
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Picture  9: Material calculator user interface 

When parameters were manipulated the results became visible immediately in a visual way as 

graphs which made it easy to see the effect changing the parameters would have (see Picture 

9). The interface of the calculator was purposefully kept simple to enhance usability. The 

visual part of the tool gave it an educational potential: 

So as you can see we try to make it quite graphical, with a lot of information as well 

that people can use. And I think what is really valuable as well with it is how, how do 

you say... how you can use it to understand what's going on, like, as in a bit of an 

educational tool like. [...] And it's something that I would have even liked I think in 

my studies too, because I remember saying, okay, if you put a cavity, then the 

absorption coefficient will behave that way, but it was very abstract. And this makes it 

very illustrative the way so you can sort of play with it yourself in a way, which is 

quite nice. (Victor, follow-up interview) 

The calculations from all the layers compiled could then be transferred back into the main 

software to be used for simulations and auralisations. The expert knowledge needed to be 

simplified to be applied: “The way these materials are modelled in a way. They go quite deep 

into the physics of stuff and then to bring it back into [the software] there's a lot of 

simplification steps.” (Victor, follow-up interview), and the developers described facing 

several challenges when trying to get the different types of layers to behave as they wanted: 
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“You know that [senior researcher] was speaking about the membrane that still doesn't really 

behave as you would like to. And there's a lot on it as well.” (Victor, follow-up interview). 

There were external drivers coming from the wider field of expertise from both international 

standards as well as scientific knowledge and theoretical models: “And that one, I had 

collected from the literature. Found in the library or where... I found models, equations, 

things that could be used to estimate sound absorption of different kind of materials, a lot of 

graphs, some simple equations.” (Jacob, follow-up interview). Standards were embedded in 

the software and updates in standards triggered new developments. Scientific knowledge 

constituted the foundation of the tool and was influenced by educational institutions, research 

communities and the work of the expert researchers in the company. The senior researcher 

drew on a long career of research and publications as a starting point for exploring the 

knowledge they needed to develop the tool: “this is a product by I also could draw on 

experience from my entire career“ (Jacob, follow-up interview). The main developer learned 

the basic acoustic models in his studies and had a relevant PhD on material properties, while 

the manager supported the process. They collected knowledge by inquiring into the wider 

field of research looking for relevant models that could be applied in the calculator.  

The developers said they were inspired also by other similar tools. A customer who compared 

tools and got different results contacted support:  

We want it to be transparent so that people know exactly what's going on. [...] One of 

our customers that wrote about... the tool and he was comparing with another tool. 

Ah, in this other tool they do it like this, can you explain? Well, in the manual of the 

other tool they say just that "ahh, we do this...". So like we try to be as explanatory as 

possible. (Victor, follow-up interview) 

To answer the questions, the team needed to get familiar with other software and tools to 

understand how it worked differently. When this led to identifying lacks in their own tools, it 

could generate ideas for improvements.  

Customers also acted as a driver in the development of the tool: “We did have for example 

[...] customers, I don't know, like maybe three-four, sometimes that would write to us: "Hi, 

I'm having this material, but there's a cavity behind. What do I do?" (Victor, follow-up 

interview). Before its existence the company would get support requests regarding material 

properties and the team then had to manually calculate these:  
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We know these models are here, we studied it, you know, in our masters and stuff and 

yeah, and the customer demand as well in a way. … they may not have said 

specifically we want a material calculator, but the question made it clear that if this 

existed it would be very nice. (Victor, follow-up interview) 

Indirectly the material calculator answered the needs of the customers, but it was the experts 

that needed to manage the wants of the customers and translate them into a tool that answered 

these needs. Deciding to develop a material calculator came from the idea being raised and 

discussed internally on the team. 

The tool integrated several different aspects from the field of expertise, introducing a high 

degree of complexity to the object. Several new theories and ideas were put inside it at the 

same time: “There were two, three different aspects of it, that were new theories, new ideas 

that he had. But then everything was kind of added on top of it, you know, you cannot really 

separate the different aspects” (Peter, follow-up interview). For it to become a usable tool the 

complexity needed to be reduced, and some shortcuts and simplifications were necessary:  

Of course, I made some shortcuts and some simplifications, but it was (inaudible) to 

get, well, a reasonably correct function for the angle dependency of the sound 

reflection, because [...] is quite complicated how the sound is reflected as a function 

of frequency. (Jacob, follow-up interview) 

Not all could be accounted for in the first version of the tool: “You have a lot of things 

happening on the microscopic scale as well, which we haven't gone so much into that.” 

(Victor, follow-up interview). At some point the tool needed to be realised into a functioning 

version that could be launched with the software and there was no time to solve all the issues 

that came up: “And then the idea is that [Victor] and I will continue to work with some of the 

more advanced ideas which we didn't have time enough for. But we thought what we had was 

enough for it to be useful at present state”. (Jacob, follow-up interview). Being useful, they 

could finalise the tool for a launch of its first version that was distributed with the last edition 

of the software. The advanced ideas could be finalised and implemented in future versions. 

Even so, there was no clear plan of where to go next (see 5.2.2). When working with 

developing the calculator and source, the expert community engaged in epistemic practices. 
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5.3 Epistemic practices 

In our interviews and observations examples were given of how the team of experts engage in 

software development practices when developing the software as an epistemic object. Only 

about half of the team said they engaged in coding practices regularly. None of the experts 

had a software developer background, even if this is central for developing the software. 

Some did mention having programming as a subject in their engineering studies, but even 

then, coding was a process of learning through trial and error where they researched solutions 

to problems as they appeared:  

I was not educated as a software developer, so I kind of learn as I go, so its more , I 

don't know if what I do is the proper way, I don't know if there is a proper way 

actually, ehm, so its more, yeah I kind of go by common sense, I mean, not being a 

software developer its really, it always an acoustic idea behind, so its starts with for 

me a lot of drafts (shows his drafts) I like writing on paper a lot, so like to get ideas in 

there, and then I try to implement some steps, I found out that if the task is too big its 

actually not manageable, so I'm trying to cut it down in small milestones, and maybe 

I'm going to make this work first, and then this and this, and trying to test as I go, 

make it as I go. (Victor, initial interview) 

This reflects the team's engineer mentality of finding practical solutions to problems. The 

team expressed having an autodidact approach to coding, and they didn’t mention using any 

specific established methodology of software development.  

The practice of software development took place in a tool called Delphi, an integrated 

development environment that allowed for programming directly into the code as well as 

using the drag-and-drop visual interface for simplifying the development process. They 

described it as a complex ecosystem: 

Peter: So saying Delphi, Delphi is the compiler which sort of, you make a visual 

design of what you want and you write the code and it compiles it into the executed 

version. 

Adam: Programming environment.  

Victor: And also in Delphi we use a lot of libraries, 

Peter: Yeah 
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Victor: Like third party libraries, then we can, like we don't code everything from 

scratch.  

Interviewer: No, okay. 

Peter: And there are some massive libraries for all the input boxes and graph... and if 

you want to have charting in your program and if you want to do signal processing.. 

resampling. 

Victor: it's all about understanding them afterwards, but 

Peter: yeah yeah yeah, and it's complex tools and sometimes not fully documented 

really. (laughs)  

Luis: (laughs) oh yeah 

Peter: Which is kind of again research, figuring out how the hell it works. Or suppose 

to work.  

Interviewer: Yeah. 

Peter: Eh, but there are many different... it's an ecosystem. 

Interviewer: Yeah, that's interesting. An ecosystem. 

Peter: Like many tools in it.  

(Group interview) 

Delphi helped structure the development process as different functions could be stored in 

units, a type of folder in the tool. It allowed for compilation of all the different functions in 

development including the use of third-party libraries and other tools, avoiding having to 

make everything from scratch. Coding practices could include the use of simple tools like 

notepad-software for comparing codes, as well as using task management systems to track 

different issues outside the code. Excel made it possible to make calculations outside the 

software development environment and then compare the results with the simulation results. 

The results of simulations could also be extracted from the software into excel files for 

further investigation. 

The team described in interviews how they were in a constant process of improving the 

software. Versions used for development were kept separately from finalised versions 

published on online servers as software packages and updates. Multiple copies of the 

software acted as closed environments where they could work on developing different 

functions separately from the master version: 
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It's partly a manual process so that comes back to what I said, that I kind of the 

integrator in the end so I sit with the master version. So different employees develop 

different features and we do it a continuous sort of process where we work together 

and discuss it … when it's finished I need to put it into the master version of it all, 

connect the rest of the buttons and, so give it a coherent kind of appearance and make 

sure it works. And then we have a new master version and we work on from that. 

(Peter, initial interview) 

Some of the projects of developing functions were described as more short term, while others 

were long term development processes that could take up to a few years to complete. New 

releases were central to the development process and acted both as versions that needed to be 

finalised in order to be launched, and that needed to be monitored and followed-up after 

launch when bugs and other shortcomings became visible: 

[The company] you have to think it's a company that produce software. And every 

year and a half, two years, there is a new release of the software. And that's an 

important moment. Meaning that the most of our effort is tested to somehow, put it out 

and resolve the problems that. Yeah often, when you have problems with something 

they appear very, very, very soon when you release some code because there are 

many users using it and they will tell you that this is wrong. (Daniel, initial interview) 

Reports came from customer feedback which often led to patches or smaller updates being 

issued in between versions. When new versions were finalised, all the different parts that had 

been developed separately had to be integrated manually. An extra layer of complexity was 

added because of the interdependencies between the different parts in the code:  

So, to be aware that if [manager] for some reason has to fix something small in a unit 

that I have worked. Like in a part of the code that I have worked myself, then I have it 

in my list so I'm aware which lines that have changed and then we try to not overlap 

our changes. You know if he has done some changes to the same file and I have them 

in the same file then we have to match these files carefully. And I try to keep tracking, 

I have no... note pads or word documents when I keep track of this one's. (Adam, 

initial interview) 

Changes in different functions could affect the same part of the code and developers needed 

to keep track of any interdependencies and changes in the code to avoid malfunctions. The 
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team described the process of developing the different functions and integrating them into a 

version that could be launched as processes involving multiple iterations, where the new 

functions had to be validated through repeated testing of different cases. This was 

complicated by the many different development paths in the software: “...there are multiple 

paths in the software. One of them is, for example, importing of geometry, which it's 

something that really has nothing to do with acoustics. You can later use that for acoustics, 

but it's more related with mathematics and geometry.” (Daniel, initial interview). In the initial 

interview the manager described the development process as unpredictable where one didn’t 

know in advance if a function would turn out to work in the end: “Many of the things are sort 

of things that develop over years and we start having an idea of where to move, talk about it, 

start doing some mock ups demonstrating if it will work or figuring out that it actually 

doesn't.”. We will now analyse how epistemic practices were involved in developing the 

Omni source and material calculator. 

 

5.3.1 Epistemic practices involved in developing the Omni source 

In an interview with the main developer of the Omni source he explained how the 

development process began as a creative solution to an acoustic problem with the purpose of 

creating a better alternative to the existing measurement sources. An example of an epistemic 

practice from the interview was designing the object and its functions. Although there was 

one main developer who worked with the developing the interface, there were several experts 

involved throughout the development process who contributed to increase the complexity of 

the loudspeaker in terms of its design and functionality:  

The project was frozen a bit because we were stuck, wondering how really to 

manufacture because we couldn't do all the electronics ourselves, and for all these 

small details like for example mounting and screwing we wanted some mechanical 

engineers to get involved […]  So we found a Greek company who, you know, they are 

specialised in making so-called embedded system. So they are specialised in 

designing the circuit for our purpose and then designing all the mechanical 

components. Like, how do they screw these things together. (Adam, follow-up 

interview) 
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The developers also explained that in 

addition to external experts who 

contributed to the design and functionality 

process, there were external participants 

involved in producing the associated 

casing, a backpack specially designed for 

carrying the loudspeaker together with a 

laptop (see Picture 10).  

 

In addition to his engineering education, we learned during our interviews that the main 

developer had a background in arts and was highly involved in the entire design process. 

Together with a former student assistant, he began to explore potential shapes of the 

loudspeaker through simulations in an external software. To find the optimal shape, the 

developers intuitively printed various prototypes and tested several alternatives by making 

measurements. The process was described as dynamic, and they adapted the prototypes and 

shapes as the process evolved.  

We did some simulations in the very beginning, but eventually we started printed 

prototypes. [… ]we had already some good ideas how the main shape should look, 

that there should be a hole and so on so we said “okey, now we know the shape then 

we go measure it” and we didn't like it so much so we started going just by intuition 

[… ] So we're just by intuition changing our shape, printing it in 3D printers and then 

measuring again. (Adam, follow-up interview) 

 

The developer explained that the most important factor was to find the right shape, and a 

common challenge when designing a loudspeaker in general is that the speaker must have an 

empty cavity behind for it to resonate well. He further explained that it was challenging to 

find a solution where they could fit all the electronics and keep an empty cavity. As they 

came up with the idea of placing all the electronics in the lens on top of the speaker, new 

challenges unfolded as they had to find a working solution on how to fit all the electronics 

Picture  10: Presentation of the specially designed suitcase for the 

Omni source 



 

 

75 

 

and batteries inside the lens without interfering with the acoustical properties, adding to the 

complexity of the object. 

The design process also consisted of figuring out the best way to mount the lens onto the rest 

of the structure. The developers at the team handled and solved this challenge by trial and 

error based on intuition and knowledge, testing, and measurements. At the end of the process 

the manufacturer contributed by working out technical details in order for the source to be 

manufactured.  

 

5.3.2 Epistemic practices involved in developing the material calculator 

In follow-up interviews, knowledge validation was highlighted as a core epistemic practice 

used to solve problems in the material calculator. Collecting scientific knowledge would lead 

to many potential paths in the software and the knowledge needed to be validated in order for 

the software to give reliable projections, a process involving testing different models to 

discover which models and formulas were valid: “So we could see when they would work 

better or... which one was more simple, which one was wrong. So, yeah, that was kind of a 

lot of validation behind for sure.” (Victor, follow-up interview).  

They validated theoretical and mathematical models with data. This process could be 

challenging as there were several uncertainties coming from the theories themselves, which 

could be more or less accurate. It was described as a learning process: 

So yeah, then you validate your tool with a lot of uncertainties sometimes, so this can 

feel a little bit uncomfortable, I would say. But you learn as you go and the more you 

understand the models, the easier it gets and the thing is that, yeah, in the end, yeah, 

this tool is pretty new. It just got launched. And yeah, we can still improve it. (Victor, 

follow-up interview) 

Uncertainties in the models could lead to uncertainties and shortcomings in the simulations. 

Models were validated by comparing simulation results with measurements in actual rooms, 

to identify the models that worked in reality: “So the, basically most of the theory has been 

made for infinite surfaces, but this never happens in real life. So then you kind of made up 
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some, well made up... found some equations that kind of account for the fact that you have a 

finite size sample.” (Victor, follow-up interview).  

The developers described finding discrepancies between the projections of the calculator and 

what actually happens in room measurements. Measurement data could also be unreliable and 

with errors, depending on how it was obtained, and having good measurement data to 

compare with was seen as crucial. Theories could also turn out to be inconsistent with data: 

“This one was from a very yeah, so kind of a combination of different old papers that seem to 

be quite complex. So probably quite accurate, but the problem is that this one, I never 

managed to fit it with like experimental data, or there were lots of questions.” (Victor, follow-

up interview).  

Different sound frequencies required different models, and models needed to solve the 

acoustical challenges of each of the layers. To find the best models they needed to understand 

the expert knowledge behind: “we would get results that were like, working better in some 

cases and worse in other cases and I was really trying to understand what was going on 

behind” (Victor, follow-up interview). The testing process was tedious, involving frequent 

testing and comparing calculation results with measurement data. The developers explained 

the process of testing of models as iterative: “So, this one is kind of an iterative process. We 

started with simple one, then we found the more advanced one and then an even more 

advanced one. So it went a bit step by step.” (Victor, follow-up interview). Both the senior 

researcher and main developer were involved, sharing documents with short summaries of 

new models they had tested: “Yeah, and then we have more tests and more tests and more 

tests. And it goes on. [...] Spend half a day or something, to, to do some tests and then report 

to [Victor] what I found” (Jacob, follow-up interview). 

Getting the models from the article into something that could be tested and used, often 

involved extrapolating formulas from papers. The models were classified according to their 

theoretic underpinnings, if they were different or similar. Even after a long testing period, the 

calculator would not always behave as the developers wanted. It was a process of constantly 

trying to define the material calculator: “So we tried different things, but it was, yeah, in... I 

felt that a challenge was that there was no, you know, like... definite answer. Like okay, this 

seems to work better.” (Victor, follow-up interview). 
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Excel was also referred to as a tool commonly used for testing in engineering, as it gave a 

good overview and made it easy to locate errors by comparing calculations with the results of 

simulations, to find if the error was in the software or the theoretic model. It acted as a quality 

check on whether the model had been correctly coded into the software. Having the senior 

researcher on board was also an asset in the process as his experience could be used to 

quickly identify if the results were likely to be realistic based on past experience and a 

repertoire of expert knowledge: “He can just look at the curve and say yeah, this doesn't make 

sense. So this is really good (inaudible) to have.” (Victor, follow-up interview).  

Even though the first version had been launched, developing the material calculator was an 

unfinished process. A main challenge was the lack of definite answers to the knowledge 

problem the material calculator represents. Two versions of the material calculator existed 

simultaneously, where one was stabilised into the latest release of the software, and the other 

version was for development. The developers kept an eye out for better models in the 

literature that could be implemented. There were no clear answers to the main knowledge 

problems: “We're not 100% sure. So this is always kind of the delicate part of it. So, yeah. 

Yeah, and then Yeah, I think that would be I would say the biggest challenges when I think 

about it.” (Victor, follow-up interview).  

Epistemic practices can be seen as practices used to generate and share knowledge and the 

expert community used knowledge sharing actively in the practice of developing software. 

We now zoom in to analyse forms of knowledge sharing taking place in joint work with 

epistemic objects.  

 

5.4 Knowledge sharing through working on objects  

Different types of knowledge sharing activities took place. The categories below have been 

developed from themes appearing in the data and reflect different ways the expert community 

shared knowledge when working with joint epistemic objects. In summary they shared 

knowledge in software development through the activities of documentation, knowledge 

collection, communication, and collaboration (see Table 5). 
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Documentation 

Through the observations and interviews we identified documentation activities that involved 

making written, auditive, visual and graphical objects to share knowledge about the 

development and functions of the software. Knowledge was shared by creating and sharing 

different forms of documentation representing knowledge about the object. The 

documentation can be categorised according to three different central functions. The first was 

documenting for developing the software. Second was making end user documentation and 

involved sharing necessary information for customers to understand and use the software. 

And third was making scientific papers for sharing knowledge about the theoretical and 

professional significance of novel aspects of the software.  

Documentation for developing the software was described in interviews as a documentation 

used by the people involved in research and development on the team. This activity of 

Table 5: Categories of knowledge sharing activities 
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knowledge sharing was motivated by the need to know where things were and were meant to 

support development: 

[...] you saw me trying to find this thing in the code too. It's not like, oh, I know what 

it is like, I kind of know where it is and you need to kind of go back into it and this can 

really help, knowing where things are, how they work. So that's what motivated me to 

take the time to write this. (Victor, follow-up interview) 

The documentation could either be written as metainformation in the code itself, explaining 

what that part of the code was about, or by making separate documentation as excel files, 

power-point presentations and documents. Writing comments in the code itself was common: 

First I do it somehow in situ in the code itself I, very generous with the comments, 

only thing like that and I often put, for example, my initials in order to remember later 

that it was me the one saying that very bad thing or whatever, I mean, I see that all 

across the code it is not only me who is doing that and I'm probably I copy that way to 

yeah, [...] I make like a small introduction in the unit explaining what I'm doing and 

pulling some references. (Daniel, initial interview) 

The software code and development environment were seen as having knowledge built into 

it, amongst others it integrated and embedded models, formulas and other products of 

knowledge work: “you can say in these software development tools and component libraries 

and, eh, all this, it in itself of course shares a lot of knowledge, there's put a lot of knowledge 

into it.” (Peter, initial interview).  

As we saw examples of during interviews, separate documentation explained how the 

software was developed, the choices made, what different solutions that were tried out and 

what theory and expert knowledge was used. The separate documentation could be 

comprehensive documents or focused information about a specific issue. One argued for 

working more systematically with documentation: “Yeah, if it could be a good idea to do it 

more consistently, I think it could be a nice discussion to have because it makes it easier, I 

think to get into subject that you might not be working, might have not been involved with at 

the beginning.” (Victor, follow-up interview). 

We observed several examples of end user documentation like video tutorials and end user 

manuals that were shared openly on the website. Even if the target group was the end user, a 
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lot of knowledge sharing took place in producing end documentation. Considerations were 

taken regarding the level of detail about the underlying expertise and how to present the 

function to end users without making it too theoretical. The knowledge needed to be 

translated so it was understandable:  

Because, yeah, they sometimes they are very mathematical concepts that for sure the 

users that are aware of what I'm talking about. So maybe it's better to, I mean, I think 

I'm getting better into it and trying to don't get me into the detail in the things. 

(Daniel, initial interview) 

This describes how the knowledge sharing process involved the creator of the function, who 

contributed to developing a manuscript with examples of how the function worked. This was 

then subjected to feedback and revisions before videos and manual texts were produced. In 

this process “bugs”, or errors in the function or code could also be discovered, leading to 

further development work taking place.  

Scientific papers also served a role in documenting new functions and were presented at 

conferences or published in scientific journals (see Picture 11). The scientific papers shared 

theoretical knowledge together with results of tests and validation processes. This was a part 

of the company's policy of being open and sharing what they do, contributing to lower 

tension about competition:  

Yes, I think. As long as we follow 

our politics, I'm relaxed. And the 

politics is we are open about 

what we do. We present our 

methods, our theories in the 

papers and conferences. Quite 

often we present the methods 

before they are actually 

implemented. We are open about 

what we do and we have high 

productivity to help our users. 

(Jacob, initial interview) 

                                  

Picture  11: Documentation - development of a theoretical paper on the 

Omni source. 
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Knowledge collection 

When asked about how the team shares knowledge in the interviews, the informants 

described several knowledge collection activities where problems with the objects were 

solved by collecting, sharing and reviewing different knowledge resources such as scientific 

databases, online forums, google, etc. This could for instance happen when the knowledge of 

one expert or the knowledge on the team was insufficient to solve the problem: 

And then it might be that nobody knows it internally and then we can start looking 

around for literature, and that's the normal thing in knowledge based sort of working, 

that we don't know it all, but [...] just the knowledge of knowing that this is this field 

[..] can be very useful knowledge for itself [...] just knowing the word to search for on 

google or whatever or in a journal or whatever can help a lot, or knowing that there 

is a person that we should talk with. [...] just having an idea of where to start looking 

for a solution to the problem, [...] most of the problems are like we don't know exactly 

eh, how to solve it up front right. If we knew we would have already developed it.   

(Peter, initial interview) 

Knowledge collection was mentioned to have happened when the team was faced with an 

unexpected error in the software. Customer support was a place where problems needed to be 

solved and discussing knowledge from external sources was involved:  

You know, our users have possibility to ask for support [...] And normally it goes 

smoothly and it's not so complicated. But sometimes it is a tricky problem that is 

raised by the user. [...] and sometimes I interfere and go into my colleague who has 

answered say, well, we could add more to this reply. It is a little more complicated 

[...], take a look at this paper. [...] We can be a couple of persons involved in the 

discussion of the problem raised from the user. So I think answering support 

questions is actually a quite important part of our knowledge sharing. (Jacob, initial 

interview) 

In the interviews, customer support was described as a valued service for end users who 

depended on accessible and reliable support when facing software challenges. When a 

customer asked for support, a ticket was made in the customer support system. Some requests 

could be basic issues which were easy to solve, others were more complex software related 

knowledge problems that could lead to changes in the software. Whoever was responsible for 



 

 

82 

 

customer support on that day received the ticket and if they were not knowledgeable about 

this aspect of the software, they asked a colleague in person or in writing, depending on their 

availability. The colleague then shared the specific knowledge or answered the support ticket 

themselves. In some cases more efforts were needed and the issue could be raised and 

discussed in a weekly meeting by the whole team who shared knowledge based on their 

expertise. If the issue could not be resolved with the knowledge of the team, knowledge and 

solutions could be searched for online.  

In more complex support cases knowledge external to the team was needed. Knowledge 

could be collected by dropping questions in a specialised online forum, especially if the 

question involved a third-party resource, or by googling for solutions. When googling was 

part of knowledge collection, it was central to identify the right keyword by experimenting 

with different combinations. This was referred to by one of the informants as discussing with 

google:  

Sometimes you can also just discuss it with google kind of (laughs), no, but searching 

for knowledge right, [...] it's not human but anyway you can kind of have a discussion 

with it in that way. You ask one question, you get an answer, you ask another question 

and then that... so the interaction, using tools and discussing with each other. … it is 

the development tool or it is sometimes google and sometimes articles and whatever, 

but the dynamic process that sort of throws at the wall and sort of see what comes 

back, [...] can help find solutions that you can't on your own. (Peter, first interview) 

Examples were also given of team members working together on searching and comparing 

solutions among each other in order to identify the best solutions. The activities of googling 

and discussing also took place when more theory or scientific knowledge was needed to 

develop new or improving existing functions, involving searching online research databases 

to find relevant research publications. External knowledge could then also be shared and 

discussed with other people on the team involved in the problem solving. The activity of 

searching for knowledge online was expressed to have speeded up the development of new 

functions substantially, compared to in the beginning of the company's existence when the 

internet was less developed.  
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Communication 

A third category described in interviews and observed at meetings were that of 

communication, an integrated activity in the team. In interviews, the team reported that 

talking together a lot gave them a feeling of confidence and lessened worries and stress: “a 

typical day for us [..] starts with communication, and a good picture is that one day one of the 

leaders from the company on the above side. He came to me and he said, how can [Peter] 

always look so relaxed? (group laughs) And I said, I think it’s all about communication” 

(Rita, group interview). The dynamic activities of knowledge sharing involved internal 

communication on the team, as well as external communication with other actors and 

stakeholders. It took place at meetings, when talking together, and by giving feedback. 

Communication activities involving knowledge sharing were routinely performed at both 

planned and spontaneous meetings.  

The weekly meetings we observed are good examples of routine communication: “Like every 

week we kind of touch base, what are you doing, what are you doing? So [Peter] kind of runs 

through all the things that goes on ...” (Rita, group interview). The weekly meetings were 

started to coordinate work after coronavirus restrictions limited the communication 

opportunities on the team. Everyone on the team was expected to participate at the weekly 

meetings, either physically or digitally (see Picture 12). Before weekly meetings existed, the 

daily manager coordinated the work by 

regularly communicating with each person 

on the team. The meetings followed a 

regular structure that the team was familiar 

with, but there was no official agenda for 

the meeting, giving it an informal 

character. The meeting took place in the 

largest office. Here a foldable table was 

placed with a computer screen on one end 

and a microphone in the middle of the 

table. The secretary would buy some cake 

or pastry and when people slowly arrived, 

they helped themselves with some cake and talked informally together. When all had arrived, 

the manager started the meeting by taking the word and introducing the first point of order.  

Picture  12: The teams weekly meeting 
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From our observations we could see the informal character of the meetings. Even if the 

manager coordinated them, the team members took the word on their own initiative and jokes 

and comments were common during meetings. Weekly meetings were central to coordinating 

the team: “in the regular meeting we update ourselves and we kind of redistribute our tasks 

and remind each other “yes that has to be done”” (Adam, initial interview). This involved a 

high degree of knowledge sharing between the participants and helped the team to know what 

was going on: “basically in our [company] meeting, I mean, we talk every week about what 

the people is doing and yeah, we more or less know, even though we don't maybe understand 

the full details” (Daniel, initial interview). Some of the benefits expressed by the team of 

having the weekly meetings was that they gave comfort in the direction they were taking: 

“It's both to know that we are going in the right direction. For me it is hard to know that we 

are going in the right direction. Also, I would think that it's comforting for everybody to 

know that we kind of have an agreement of where we are on the way” (Peter, group 

interview). 

We could observe how the team went through all main areas of work of the company, from 

customer related topics to the development of the software. Customer related topics covered 

sales, video tutorials, advertisements, homepage, courses and newsletters, while software 

developments covered scientific papers, conferences, support cases, new versions and follow-

up of the last released version of the software, as well as main functions under development. 

While each of these topics were gone through one by one, there was some overlap between 

the topics and the conversation would move back and forth in a dynamic way. Knowledge 

sharing could take place at any of the topics, but some of the topics involved more 

discussions around knowledge problems than others. This was demonstrated in parts of the 

meeting dealing with development and follow-up of current and future releases of the 

software, as well as when discussing functions currently being developed. But also discussing 

support cases triggered processes of joint problem solving and knowledge sharing. This 

depended on the nature of the case, if it was merely routine or reflected a complex software 

issue. As with many of the conversations, they were not necessarily concluded, but several of 

the team members would give their contribution before moving on to the next topic. 

Knowledge sharing did not only take place during weekly meetings: 

“Weekly meetings of course, that's a key point in this knowledge sharing. But outside 

these meetings. It can, it happens eh, from person to person when we are in the office, 



 

 

85 

 

of course, and it happens through email, when we are.. in home office or remote.” 

(Jacob, initial interview). 

Of more need-instigated activities of knowledge sharing we could identify from the 

interviews the activities of talking together and giving each other feedback. Talking together 

was central to knowledge sharing as “most of the knowledge sharing we do mouth to mouth” 

(Peter, initial interview) and the team expressed an open and positive attitude to 

communication: “I guess I think have a good communication, so I never lagged, you know, 

communication with my colleague so... which is important. Like I never felt that I would 

interrupt somebody” (Rita, group interview). Being a small team, everyone knew each other 

and by talking a lot, everyone knew what was going on: “I mean that it's something that we 

talk all together. And what to do about something and then everyone knows what's going on 

and explaining that then [...] anyone can do” (Daniel, initial interview).  

This positive experience of communication was also reflected in what can be described as a 

feedback culture on the team, where giving feedback on objects being worked on was an 

integrated knowledge sharing activity. There was a low threshold on the team to ask each 

other for feedback and giving feedback seemed commonplace:  

I want some feedback from them in the beginning and then if somebody is here then I 

ask how about these subjects do you think they're nice and then I get an early 

feedback. Then I usually work myself for a while, presenting a final draft which then I 

sent to everybody and I want some feedback again. So I do ask for feedback often, as 

much as they do as well. (Adam, initial interview) 

 

They asked for feedback both in development 

processes and problem-solving situations (see 

Picture 13). Acts of giving feedback could take 

place immediately through just asking a colleague 

there and then, or by sending an email with a 

question or asking for feedback on some work 

produced:   
Picture  13: Feedback from the team on the Omni source  
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The article we create that we also feedback and several rounds of feedback. Which 

comes mostly by email, but then. When it's a support question immediately or maybe 

there is a call, I don't know something. [Victor], do you remember that feature or that 

principle. Then there is like a immediate feedback and seeking of assistance. (Adam, 

initial interview) 

Feedback could also be given in several rounds when testing different potential solutions to 

knowledge problems. This would depend on the context. Short feedback could be given on 

specific issues, while regular feedback was common on joint projects. Even though the 

weekly coordinating meetings supported the team in sharing knowledge, this didn’t replace 

the activity of updating and being updated by the coordinating manager. This was related to 

his role of integrating the work of the different experts on the team. Collaboration 

supplemented communication as a knowledge sharing activity.  

 

Collaboration 

Collaboration was identified as a knowledge sharing activity both in interviews and during 

observations at the company. Collaboration took place when two or more people on the team 

worked together to solve a problem or develop an idea by sharing knowledge. It involved 

direct interactions, discussing problems, and interpersonal dependencies between team 

members. Good communication and regular interactions were closely related as described in 

interviews, associated with little spatial and social distance:  

And then, as we just talked about, also we have a very good communication and if I 

need something I just say “hey [Peter] can we talk about this?”. So the distance is so 

short in order to get anything. If you have anything you need to discuss and then you 

guys are close to each other when you're here. So you can also just say «hey what do 

you think about this one?” (Rita, group interview) 

To be located in proximity from one another was an important contributor for collaboration to 

happen, and the team often turned to the colleague close to them or visited their office. There 

was a low threshold for contacting a colleague and asking for a meeting, and the manager's 

door was said to be always open if one needed to have a chat. As one team member said:  
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We work together in all kinds of connections because we are lucky enough to have a 

rather small team. So everyone knows the other one in the team. I find that very, very 

useful. [...] we know quite well each other and what are the strong and the weak parts 

of the profile. (Jacob, initial interview) 

At the same time these daily interactions could also disrupt the daily work flow and lead to 

unpredictable and variegated work days: “So sometimes you kind of go to work planning that 

you will do this all day (group laughs) and then you don't touch it because this this this and 

that and there is support questions and there is questions on this one and that one” (Peter, 

group interview). Even if physical interactions were important, digital interactions 

supplemented these and took place regularly through sending direct messages, referring to 

each other the task manager system or writing an email. Interacting remotely were also 

commonplace on the team, especially during the Covid pandemic and some of the team 

members worked part-time or fully remote. Interactions would then take place as online video 

meetings where for instance screen sharing contributed to knowledge sharing by allowing 

two people to discuss the same piece of code together.  

Discussing problems was a frequent activity on the team and associated with positive 

synergies and progression:  

There will always be one person who is the main worker and [...] at least two persons 

involved in different aspects of development. [...] when two or more people are 

discussing a problem there is usually a synergy and you can step forward much better 

than if it's just a single person at tackling a problem. (Jacob, initial interview). 

The team saw benefits of being more than one 

when developing the software: “when we do a 

merge of code and with [Peter] in the same 

computer, it's like there are four eyes looking at 

the problems that you can be doing, and then 

that's helpful” (Daniel, initial interview). By 

discussing problems the team reached agreement 

on what solution they thought to be the best to 

solve challenges in the development process.  
Picture  14: Collaboration and problem solving, discussing 

graphics for the scientific paper on the Omni-source 
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The team depended on each other for problem solving and used each other to develop ideas 

and find solutions when working on development projects (see Picture 14). Dependencies 

were also reflected on how work was distributed, as the individual experts often were 

dependent on others doing their part and sharing their input in order for an object to be 

finished: 

Currently there is some small in between project that my [...] colleague [...] is sitting 

with [...], meanwhile I am also developing something he needs to have before he can 

go on so I have some code where I understand that I need to implement somethings 

which he will be using and before that is then he can't really get on with this 

[function], [...] sometimes we have to wait for another one. The other trains need to 

arrive before you can change the tracks, right. (Peter, initial interview) 

The manager had a special focus on the user needs and software interface, as well as for 

integrating the different parts of the code into the final software version: “Actually, there is a 

big dependency when it comes to code on [Peter], who has everything on his yeah, then it's... 

in a way.” (Adam, group interview). In order to progress the team needed the manager to take 

an active role in facilitating knowledge sharing.  

 

5.4.1 Knowledge sharing and the Omni source 

The process of developing the Omni source comprised several activities of knowledge 

sharing. One of the most prominent was the activity of knowledge collection. The 

loudspeaker was the only hardware product the company had produced, making them 

dependent on different types of collaboration and methods to develop and complete the 

product, including external help from the manufacturer needed to produce the loudspeaker:  

…I said “since we have that volume on top and we don't really use it for anything 

else, why don't we use it to stuff everything we can in terms of equipment and 

batteries [… ] and initially we have found out that this is the best acoustically[… ] 

but “how do we mount it to the rest of the structure?”. That's a solution for the 

manufacturer, So they figured that out. They put some kind of metal icing here (show 

us the prototype), and scrape together. So that was their part, but the main design 

was done here. (Adam, follow-up interview) 
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The purpose of the Omni source was to simplify making measurements and work efforts were 

invested in making the loudspeaker wireless and portable. As a natural consequence of this 

the company produced a suitcase specially designed to fit the loudspeaker together with a 

computer. All these processes have required knowledge collection and it has been necessary 

to gather external resources, such as manufacturing expertise, to complete the product for 

launch. 

The activity of documentation was also essential in the work with the Omni source as the 

main developer had produced a paper presented at a conference where the team launched the 

new loudspeaker. Big parts of the work with the development of the Omni have been 

documented in the user manual, in excel as graphs, as well as documentation of how the 

development process moved forward: 

I keep the documentation in my folder…We  put all of the important files in Dropbox 

[… ] So we have access from everywhere and that's also how I organise myself 

generally, I use folders and subfolders for organising. [… ] for instance this is for the 

manufacturer and then we get extra things to get graphics for the manufacturer, we 

get different prototypes, different nodes, different measurement sessions done at 

different times. (Adam, follow-up interview) 

The development of the Omni source has also been characterised by a high degree of 

collaboration. Although it was the main developer who was described as "the anchor person" 

who held the project, collaboration had been central to its development and a previous 

student assistant was involved in designing the speaker through simulations in an external 

software, and helped to create prototypes:  

I am the person who is in contact with the manufacturer, and the one who does the 

designs, and the…well, the designs in a way, it had started in the past when we had a 

student here […] we started, and we designed it together. So, both in computer and 

then in we did many prototypes. (Adam, follow-up interview) 

The activity of communication took place during the entire process of the development in 

terms of conversations and technical discussions on how so solve specific issues, but the 

communication activity was most prominent during the period leading up to the launch where 
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the development of the loudspeaker was a regular feature at the weekly meetings and the 

main developer informed the rest of the team about the progress. Here the team gave 

feedback, discussed problems and shared knowledge and ideas that contributed to the further 

development of the project.  

 

5.4.2 Knowledge sharing and the material calculator 

In the interviews two knowledge sharing activities were particularly prevalent in developing 

the material calculator, that of documentation and joint knowledge collection. A large amount 

of work was invested by the main developer to document the development process in a single 

Word file, stored in a separate folder on the company's shared drive: “My intention is for it to 

be available if anyone wants to understand better what's going on behind” (Victor, follow-up 

interview). It was inspired by activities from the programming course in the engineer 

education and acted as a safety net: “It's more of a safety net. I would say. It's more... It's out 

there and people know it's out there if they need it.” (Victor, follow-up interview). 

The informant had the experience that it could be hard to orient oneself in the code made by 

others, and it was therefore seen as easier to find back by documenting where things were and 

how they worked. The file did for instance explain the choices made during the trial and 

error-based development processes: “I tried many, many different things and then I wanted to 

make sure that what I did is saved somewhere” (Victor, follow-up interview). The document 

shared the knowledge behind the tool and was meant to be used by the author himself and 

others, but not just limited to the team: “it comes back a bit on how we how we handle our, 

how do you say like, our knowledge that we want it to be transparent so that people know 

exactly what's going on” (Victor, follow-up interview). While end user documentation 

explained what you did with the tools, development documentation explained how to make 

the tool.  

Even though the main developer had an intention to be systematic and consistent in creating 

documentation few others seemed to document in the same way. This made it challenging to 

maintain the activity. The development process continued even after the launch of the first 

version of the material calculator, making the documentation process seen as never ending. 

The document was shared on a shared drive, but the expectations for others to engage with it 
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were modest: “So, then it's maybe a little bit a pain to read but yeah, if somebody wants the 

data and then it's there” (Victor, follow-up interview). 

The second activity identified from the interviews was that of collecting knowledge. As the 

material calculator was heavily based on acoustic theories and formulas a lot of theoretic 

knowledge had to be collected in its development. Beside the manager, the senior researcher 

was involved in the collaborative process of reading and discussing relevant literature: 

“[Victor] was the main person behind this tool for programming it and also together we 

collected background information, search literature, etc., etc.” (Jacob, follow-up interview). 

Promising formulas would be selected, summarised and shared in word, then tested and the 

test results were again shared and discussed until they were reasonably content: “Just two 

pages and then there's a journal reference to some of these things. Well, just a way to 

communicate “here's something we could look at maybe, this should be implemented”” 

(Jacob, follow-up interview). There were different understandings of how things would work 

between the experts involved in the development, which led them to propose and test 

different things between themselves. The process was experienced as challenging since there 

was no definite answer to what the best solution would be, and knowledge sharing about the 

object was central in developing this particular object: “the discussions and exchange of 

views between [Victor] and myself has been very important in this particular material 

calculator” (Jacob, follow-up interview). As a way of sharing the final results and part of the 

company culture of being open and transparent, the relevant test results and knowledge about 

the calculator was to be published in the scientific paper co-authored by the main developers 

involved. Knowledge collection were thus connected with the activities of documentation:  

This is like all the theory and then we also backed it up with more experiments and 

stuff which are in the paper. So the paper is a bit, maybe more applied and this is 

more like, what did I try? Why did I choose this parameter over that parameter? How 

did I develop it and stuff like that. (Victor, follow-up interview). 

We will now analyse the challenges the expert community faced when developing the 

epistemic object. 
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5.5 Challenges 

When developing the software some common challenges faced the experts in facilitating 

knowledge development. These can be described as dealing with the complexity and 

uncertainty of the objects. The complexity is related to both the complex expertise embedded 

in the epistemic object that the team had to struggle with, and also the complexity of how the 

team collaborated when developing the knowledge object. Complexity was also associated 

with uncertainty. Uncertainty was both a part of developing objects without having definite 

answers, and also experiencing uncertainty in what to develop and where the development 

process would lead them. This relation between the challenges of complexity and uncertainty 

can be demonstrated by giving three examples, the code itself, in the omni-speaker and in the 

material calculator. 

The code itself has been building up over a period of 30 years and its complexity is vast. To 

orient oneself in this complexity was in itself a challenging task: “It's very, very big. And 

yeah, if you touched on something that you haven't touched before that already exists, like 

understanding what's going on, can be really tricky sometimes” (Victor, group interview). It 

had been maintained by the manager who over the decades had developed a deep knowledge 

of the code and its internal interdependencies. When changing one part of the code, another 

could be affected, making it a not straightforward process to integrate new code: “I think 

some of the integration costs of it, like how to make it fit into to do the right things all the 

places, it's probably a good idea that it is only one person that does it at the time” (Peter, 

group interview). As well as creating some uncertainty, the experience of not knowing what 

is where in the code and not having systematic documentation that could assist knowledge 

sharing could become a barrier to the development process: “It makes it quite vulnerable” 

(Jacob, group interview). On the other hand, the lack of documentation motivated new 

documentation activities. Another challenge was if the programming language had to be 

changed. Here the sheer complexity and size of the code would require major resources for it 

to be programmed into another language. So far this was an uncertainty the team had to live 

with, as the costs of reprogramming are deemed higher than the benefits. The uncertainty was 

also stabilised by the usability of the software: “what is true is that thing I think that they are 

working fine, and I think that's a common feeling we all have and, So if something works you 

just let it work” (Daniel, initial interview). 
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The material calculator is another example of how the team struggles with complexity and 

uncertainty. The calculator itself is made of several layers of materials combining different 

theoretical formulas in order to calculate their acoustic properties. Even though the tool itself 

was simplified and made user friendly, when many layers of materials based on different 

theories embedded were compiled in the tool, the complexity made it hard to separate the 

different aspects and understand how each model and their theories interacted to produce the 

final output. The wish to understand what is going on behind shows how the experts were 

trying to handle the paradox of theory not matching reality: 

Sometimes, when you measure, you can end up with absorption coefficients that are 

actually more than one, which is one of the paradoxes of the method, you have 

something that absorbs more power than it arrives. Which is not, of course, what's 

happening in reality. (Victor, follow-up interview) 

The experts struggled with the uncertainty of having no definite answers in the process of 

developing the material calculator. Knowing what the best model was to use was a process of 

trial and error, comparing measurements with calculations, discussing and making choices. 

And even if a calculation were accurate, it was not necessarily reliable to work in any 

context. This uncertainty came from working with developing the complex objects, trying to 

make working representations of immensely complex phenomena:  

It's really looking, really modelling the physics in there. We're not there at all 

(laughs), because we're trying, we're a bit more... global approach, but it is in the end 

the best way to go. But yeah, we cannot really have everything. (Victor, follow-up 

interview).  

The purpose of the development of the Omni source was to solve problems in room acoustics 

measurements which were common in conventional sources. The developers described in 

their interviews that they had experienced a variety of challenges in the process of developing 

the Omni:  

…making it small is difficult, right? So you want the good sound power from the 

source and it should be small. And that's kind of the challenge […] and we tried 

different designs. A lot of different designs actually. Initially, I don't know if you've 

seen that one but initially made one with two speakers against each other and that 
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was kind of making a very nice omni directional radiation pattern, but it didn't sound 

very good, so it distorted a lot. And then the problem that we saw all the time is that 

low frequency will cut off a lot so it's almost impossible to get any low frequency 

radiation. So, that's one of the key problems we had.  (Peter, follow-up interview) 

The developers explained how they had struggled to combine the ambition of making a small 

and portable speaker that also requires lots of energy and volume, and much of the 

uncertainty in the development of the Omni mentioned in interviews, was related to the 

possibility of making the source that they wanted within physical and acoustical limitations. 

To make it powerful and at the same time portable involved an experience of fighting the 

laws of physics:  

So that's one thing, getting enough energy, it's really a burden. The other thing we 

looked at was portability […] So now you get a lot of why it looks like it does, you 

know one unit makes it lighter […] So, we are fighting some physics and that's always 

how it is with this type of source. (Peter, follow-up interview) 

We will now summarise this chapter, before discussing our analysis using our theoretical 

framework. 

 

5.6 Summary 

Our analysis depicts a community of experts with a high level of education, where all had 

concluded at least a master's degree mostly in the field of acoustical engineering. The 

interviews indicate that the participants have a common identity from working together on 

developing computer simulation room acoustics software together and had complementary 

roles. They enjoyed a high level of independence allowing them to follow their own 

individual paths of learning and development. They worked on specialised tasks, but still 

interacted and talked together on a regular basis in order to progress. They acknowledged the 

value of delegation and had ways of coordinating their efforts through non-hierarchical, but 

efficient and interactive practices. 
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In our data set, two objects stood out as actual and current examples of shared epistemic 

objects in this community, the Omni source and material calculator. Our further analysis 

attended to how these objects acted as focal points for knowledge sharing, object 

development and epistemic practices. Knowledge sharing was central to the development of 

the software and its functions and activities of documentation, knowledge collection, 

communication and collaboration were examples of this, reflected in the development of the 

Omni source and material calculator. When the expert community worked on developing new 

functions, they faced the challenge of engaging with complex knowledge and transforming it 

into visual and applicable software and hardware for end users. Several external and internal 

drivers influenced the development of the objects. They were interconnected and came from 

different levels and settings moving from professional, technical, and theoretical 

developments in the field, to competitors and customers, before finally coming together in the 

internal dynamics of the team itself. The epistemic practices involved software development 

in iterative processes of knowledge collection and validation where functions were first 

developed separately before merged, integrated, and compiled into the software ready to be 

launched as versions that users could apply in their work. This was not straightforward, as the 

complexity and uncertainty of the software was a constant challenge to be handled by the 

expert community, both in the object itself, but also as a way of working emanating from the 

process of solving complex knowledge problems itself. 
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6. Discussion 

6.1 Introduction 

We will here discuss the research problem and research questions using the theoretical 

framework and analysis. Our broader research problem has been: 

How is the development and sharing of knowledge in expert communities facilitated by 

working with joint epistemic objects?   

 

The research questions contribute to answering the thesis question and are 

● In what ways does this expert community develop knowledge by way of epistemic 

objects and epistemic practices? 

● How does knowledge sharing take place related to their work on epistemic objects? 

● What challenges does this expert community face when working on joint epistemic 

objects? 

 

We will discuss findings from the analysis in relation to the theoretical perspectives and 

concepts presented in chapter 3, and in relation to previous research presented in chapter 2. In 

the following sub-chapters, we discuss each of the research questions before going back to 

our broader research question and discuss how our findings relate to the wider field of 

research.  

 

6.2 In what ways does this expert community develop knowledge by 

way of epistemic objects and epistemic practices? 

The epistemic objects and epistemic practices contributed to the development of knowledge 

in the expert community. First we discuss the team in our case as an expert community. Then 

in the following subchapters we discuss how knowledge was developed through joint work 

on epistemic objects, and how the expert community engaged in epistemic. 
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Expert communities engage in knowledge practices similar to those of scientific institutions 

in order to develop knowledge for practical appliance (Knorr Cetina & Reichmann, 2015). 

Members of the expert community in our case elaborated through interviews that they saw 

themselves as a multi-disciplinary team with an educational background in various branches 

of engineering, as well as physics and mathematics. Common to them all is their mutual 

educational background with master’s or PhD from the same university as the company was 

located, and the teams’ common interests and professional identity united them in the work of 

developing the room acoustic software. Merz (2018) describes how computer simulations 

have a mediator role by being between science and its application in the real world. The 

company was located at the university campus, cooperated with the university and used their 

facilities. In this way they interacted with the scientific community on the field and 

contributed to research, acting as mediators between the world of science and appliances 

through acoustical consulting. A prominent feature with expert communities today is that 

they engage in knowledge practices similar to those of scientific institutions in order to 

develop knowledge for practical appliance (Knorr Cetina & Reichmann, 2015). The expert 

community’s development work was based on a strong scientific foundation from theory and 

research, and they engaged in knowledge practices similar to scientific institutions. They 

applied scientific knowledge in practice based on their professional, science-based 

background and individual specialities (see chapter 5.2). We will now discuss how this expert 

community develops knowledge by working on joint epistemic objects. 

 

6.2.1 Expert knowledge development through epistemic objects 

The computer software had many of the characteristics of an epistemic object, we will here 

discuss how the case relates to the concept of epistemic objects. The primary epistemic object 

in our case company was the room acoustics computer simulation software in the centre of 

the work of the expert community. The computer software had been developed for over 30 

years, and it had been constantly changing and unfolding, as in the descriptions of epistemic 

objects by Knorr Cetina (2001). The software was created through the mobilisation of 

acoustical and programming expertise to answer the complex problem of how to predict 

acoustical phenomena in rooms not yet built as described by Forsyth (2018). Using expertise 

to solve complex problems is, as described by Nerland & Jensen (2012), a characteristic of 

object work in expert communities. 
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The software was constantly unfolding as it was being worked on by the expert community, 

acquiring new functions and improving and changing its existing ones, and in the process of 

developing and defining new functions there was always a future perspective (see chapter 

5.2). A specific function might have been finalised for a new version, but with the 

expectation and understanding that it would continue to be developed. These characteristics 

of constantly unfolding when being worked on, is typical for epistemic objects as described 

by Knorr Cetina (2001). The characteristics of epistemic objects seem also to be valid with 

the object being a complex computer simulation software. The simulations both gave answers 

to existing questions of how sound behaves in rooms through its projections and generated 

new questions by making visible the shortcomings of the applied theories when used in 

concrete acoustical scenarios. Computer simulations act as a mediator between theory and 

experimentation, applying established theories and scientific assumptions and at the same 

time being open ended and experimental (Merz, 2018). The software mediated between 

theoretical acoustical knowledge from physics and science, and its use by acoustical 

engineers in open ended experimentation, generating new theoretical insight and practical 

knowledge published as scientific papers by the expert community (see chapter 5.3).  

The software was used by different actors in different contexts fulfilling different functions, a 

role of computer simulations as epistemic objects according to Merz (2018). For instance, 

when used by clients’ new questions were raised when the software did not behave as 

expected. The ability to generate questions are central features of epistemic objects (Knorr 

Cetina, 2001; Nerland & Jensen, 2012). The software was the focus of a collective 

exploration by the team of experts who attempted to solve the complex knowledge problems 

coming from client needs, developing new functions and releases, as demonstrated in weekly 

meetings and regular interactions between team members. The discussions of the team 

demonstrate how challenges with the software lead to new questions being generated through 

an unfolding individual and collective reflection process (see chapter 5.4).  

Knorr Cetina (2001) describes epistemic objects as in a process of being defined where 

shortcomings of the object become visible for the experts working with the objects, which are 

never really completed as new lacks continuously appear as old have been solved. The 

software was in a process of being defined by the team of experts, as new functions need to 

be integrated and released with new software versions. It was however a never-ending 

process where scientific theories themselves had shortcomings. The complexity of the expert 
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field of acoustics meant that the software would never be completed and work perfectly in 

every acoustical scenario. These shortcomings became visible to the team of experts through 

the testing and validation process and were a source of frustration, but also motivation to 

understand more what was going on behind (see chapter 5.3.2).  

Knorr Cetina presents epistemic object work sometimes as a subject-object relationship 

(Knorr Cetina, 1997), and other times as a collective perspective (Knorr Cetina & 

Reichmann, 2015). In our case the expert community both worked as a team and at the same 

time focused on individual projects and partial objects. While the software was part of a 

collective development process, the experts reported delegation of tasks to individuals who 

worked on specific functions in the software as the main developer, even if they had strong 

support from their colleagues. They had a special ownership and binding to the function they 

developed, expressed even as that of a parent (see chapter 5.2.5), which acted as a driver for 

creative and constructive practice. Knorr Cetina (2001) describes how shortcomings of 

epistemic objects can lead to new opportunities for exploration and meaning producing. The 

shortcomings in the software both gave way to different opportunities of theoretical and 

practical exploration and drove forward a practice of meaning producing where the user and 

user interface perspective was central (see chapter 5.2.2).  

The complexity of the software had clearly increased and new lines were continuously being 

added to the code when new functions were developed. Adding to the complexity the 

software consisted of several partial objects, as conceptualised by Knorr Cetina (2001). In 

the software, a multitude of different functions existed that functioned as partial objects. 

Several were coded as units, or folders in the overarching software development 

environment. New partial objects in the software were made as functions were improved, 

new functions were developed or new software releases were prepared. Even if some of the 

software functions could work stand-alone and independently of the software, they were a 

part of the software as a whole and become integrated into new versions. It was mainly the 

different partial objects currently being developed and discussed at meetings that drove the 

development forward.  

Partial objects create some limits to the dynamics by coordinating the experts input and 

allowing for some parts to be stabilised while others are being developed (Tronsmo & 

Nerland, 2018). The use of partial objects may be related to the complexity of the software, 

where concrete functions acted as partial objects and focus points, allowing for some parts of 
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the software to be stabilised while others were being developed, as development resources 

were limited and needed to be prioritised. Ewenstein & Whyte (2009) describe the function 

of partial objects as combining the concrete and abstract aspects of epistemic objects. The 

partial objects in our case were points of interaction where the expert community would work 

while developing different software functions, where they develop something concrete and at 

the same time engage with the more abstract acoustical knowledge problem.  

We explored two objects presented in the analysis as partial objects, the Omni-source and 

material calculator. They represent two types of materiality, one being a hardware speaker to 

improve the measurement function of the software and the other a software function used to 

calculate material properties. While both represented acoustical knowledge problems, the 

development triggered challenges specific for each requiring specific types of expertise and 

knowledge to be developed. As epistemic objects they both represent complex knowledge 

problems and acted as focal points for unfolding processes of exploration, leading to new 

incomplete partial epistemic objects that signify new potential directions and opportunities 

for development. While in the speaker the acoustical problem revolved around finding the 

best physical attributes to create an omni-directional, radiating sound signal using only one 

speaker, the material calculator tried to identify the best theoretical basis for calculating 

complex material properties of sound absorption and reflection.  

The development process involved manipulating and exploring the properties of the 

epistemic object through these partial objects. When developing the omni-source it was 

experimenting with different constructions, shapes and hardware settings, when developing 

the material calculator, it was testing different models and comparing with measurements. 

Knorr Cetina (1997) describes how partial objects have a signifying force directing future 

exploration of the epistemic object. The signifying force of the partial objects of the software 

directed future exploration and ways of extending practice by showing different paths the 

experts could follow, like when a category of theories for the material calculator gave 

promising test results, or when the initial idea of having two speaker elements in the source 

didn’t work and a solution with one speaker, and the idea of a lens that could spread the 

sound in an omni-directional pattern came up. According to Werle & Seidl (2015) partial 

objects represent something larger than the object itself and at the same time acts as a 

concrete object where experts can interact and engage in exploration that generates interest 

and motivation. The partial objects represented the larger field of acoustical expertise and 
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were at the same time concrete objects that the team could explore and generated great 

interest and motivation for in the development of new knowledge.  

Materialising an epistemic object stops it from continuously changing by ignoring the lacks 

and discrepancies of the object so it gains a material identity making it possible to use for a 

particular purpose (Knorr Cetina, 2001). The software and its functions had to be materialised 

in temporary or final versions in order to be used by acoustical consultants and become 

starting points for further development. With the material calculator two versions were made, 

one development version and one final version for the latest software release. In the final 

version unfinished properties were hidden or removed so users could use the calculator with 

the most reliable results. With the Omni source prototypes were used to work out final lacks 

to achieve an omni directional radiation pattern, so it could be used in professional 

measurements. Knorr Cetina (2001) describes how software as an epistemic object is 

materialised in familiar shapes such as versions and updates and how developers put in 

special efforts to meet users’ needs. With the software as a whole, the modified code and 

functions developed in different partial test versions and environments were finalised and 

integrated into new versions of the software. The software then acted as a materialisation in a 

format familiar to the users and that met the needs of the user community the software 

served, as described by Knorr Cetina (2001). The software no longer worked as an epistemic 

and question generating object, but could be used as a tool by acoustical consultants as a 

technical object, reflecting the epistemic objects ability to shift from epistemic to technical 

objects when materialised as described by Ewenstein & Whyte (2009, p. 12). 

The software development process switched between the process of exploration, where 

developing and improving functions lead to knowledge development, and confirming 

processes where software was materialised and new releases and patches were issued. This is 

in line with Nerland & Jensen (2012) description of how epistemic objects can engage 

experts in changing processes of exploration and confirmation. In the software development 

team these processes happened in parallel, as the diversity of tasks involved both routine 

support and maintenance as well as projects of innovative development. Development of new 

versions and monitoring of existing ones were a continuous process such as the software 

processes described by Fitzgerald & Stol (2017) where deployment and monitoring processes 

take place in frequent intervals. In the analysis we found that monitoring releases and 

receiving feedback triggered new developments and new partial objects. We will now look at 
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how these epistemic objects were developed through the expert community engaging in 

epistemic practices. 

 

6.2.2 Expert knowledge development through epistemic practices 

When developing the software, the expert communities engaged in epistemic practices. We 

will here summarise the findings related to drivers and activities of knowledge sharing from 

our analysis, in relation to theory on epistemic practices of engineers as reflected in 

Cunningham & Kelly (2017). We will also discuss the theoretical implications of what we 

have found.  

By working on developing the software the expert community proposed, communicated, 

assessed and legitimised knowledge claims in socially organised and interactionally 

accomplished ways, as described in the definition of epistemic practices by Cunningham & 

Kelly (2017). According to Nerland & Jensen (2012) epistemic objects structure the practices 

of exploring complex knowledge problems, accessing knowledge resources, identifying open 

opportunities and getting direction for further explorations, practices recognisable in the 

development of the software in the case company. As expert communities they took part in 

wider machineries of knowledge construction that explain how responsibilities are distributed 

in extended networks where practitioners, researchers and agencies interact in developing and 

circulating expert knowledge on a macro, meso and micro-level, as described by Nerland & 

Jensen (2012).  

As acoustical engineers they participated in epistemic practices of engineers and several 

epistemic practices were identified in the analysis. They acted as drivers in the development 

of epistemic objects (see chapter 5.2) and were supported by knowledge sharing activities 

(see chapter 5.4). They have been placed where they could best inform the categories of 

epistemic practices of engineers, as seen in Table 6. The expert community used knowledge 

sharing actively in the practice of developing software and according to Liu (2019), epistemic 

objects coordinate the fragmented and heterogenous knowledge in expert communities.  
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Table 6: Epistemic practices of engineering 

 

The different practices in the table also involve the different levels of the wider machineries 

of knowledge construction, but as we can draw from our analysis these levels are 

interconnected and come together in the practices of developing partial objects, as with the 

Omni source and material calculator. This is in line with Knorr Cetina (Knorr Cetina, 1999, 

2001) understanding of how different elements are joined together in particular ways in local 

practices. In epistemic practices the expert community both show agency by applying 

generalised expert knowledge to specific cases (meso level), specific actors verify expert 

knowledge and take on specific tasks in larger knowledge contexts (macro level) and 

epistemic objects assist processes of knowing and have a transformative and stabilising role 

(micro level) as described by Nerland & Jensen (2012). While the levels are joined together 

in epistemic practice, we see for instance that analytically, category one could highlight the 

meso level, category two the macro level and category three the micro level. 

Engineering in social contexts is a category of epistemic practices of engineers and refers to 

how the problem and knowledge that the software is a response to originate from social needs 

and are solved through social processes including evaluation by clients as described by 

Cunningham & Kelly (2017), in this case the users of the software. The social need is the 

need to have reliable prediction of sound acoustics in rooms. The client evaluation is the 

feedback from customers and other users and stakeholders of the software. We would here 

include users and stakeholders of the software, because according to Cunningham & Kelly 
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(2017) a unique feature of engineering that makes it different from other disciplinary 

knowledge is that knowledge is developed through practices where requirements are defined 

by clients and the relevant conditions of the situation where the design work takes place. The 

category has two subcategories. Parameters set by clients and conditions are external 

practices. In the analysis external drivers were stakeholders that used the software and had a 

channel where they could give input, and the problems and solutions identified here were the 

ones located in specific contexts external to the team (see chapter 5.2.2). Inner workings of 

engineering teams deal with how engineering took place socially in the team. In the analysis 

internal drivers were the inner discussions and dynamic processes of the team leading to the 

decision of what to develop next (see chapter 5.2.2). We also place the knowledge sharing 

activity of documentation here, as it supported the coordination of internal and external 

drivers (see chapter 5.4) 

Uses of data and evidence to make decisions is the second category of epistemic practice in 

engineering and involves the importance of data and evidence when engineers construct 

knowledge to solve problems, including understanding user needs, assessing problems, 

testing parameters, building prototypes and presenting solutions to clients as described by 

Cunningham & Kelly (2017). From our analysis this involves both the external drivers on a 

macro level (see chapter 5.2.2) and the knowledge sharing activities of documentation and 

knowledge collection (see chapter 5.4). Cunningham & Kelly (2017) describe how engineers 

collect data and evidence to inform design when theory is not reliable to accurately predict 

the performance of the design. The expert community lacked theory that would work 

perfectly in any circumstance engaged in data-collection to inform design of the software to 

get more reliable predictions from simulations (see chapter 5.3.1 and 5.3.2).  

Tools and strategies for problem solving is the third category of epistemic practice in 

engineering and refer to the evolving tools and strategies used in problem solving, providing 

analysis and designing solutions and embodying knowledge in the solutions as described by 

Cunningham & Kelly (2017). From our analysis we place here the knowledge sharing activity 

of collaboration, involving problem solving with colleagues, material considerations (see 

chapter 5.4), systems thinking (see chapter 5.2.3) and building prototypes (see chapter 5.3.1). 

The fourth category of epistemic practice in engineering is finding solutions through 

creativity and innovation, stressing the importance of creativity for innovation and finding 

solutions in the highly context dependent reasoning processes in engineering. From our 
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analysis we place the knowledge sharing activity of communication here (see chapter 5.4). 

This is the least elaborated engineering epistemic practice category by Cunningham & Kelly 

(2017) and a category where many of the other practices connect.  

One explanation of how this takes place may be related to the highly context dependent 

reasoning process in engineering, meaning that the practice of developing processes has a 

character that is unique for the specific group of engineering experts and the conditions of the 

problem. We saw two different examples of this in the analysis, where the material calculator 

was developed in a different way than the omni-source (see chapter 5.3.2). The processes 

were the result of conscious practices evolving depending on both what was being developed 

and by who it was developed, as they had different specialities. The omni source was 

developed first based on the managers’ ideas, tested through a student assistants project and 

the developing experts' mechanical background and interest in design. This can be described 

as a rather unpredictable path to solve the challenge of designing the speaker unit (see chapter 

5.3.1). The material calculator was built on the PhD of the main designer, and a long history 

of research on material properties by the senior researcher (see chapter 5.2.5). Problems were 

solved as they appeared and the processes evolved in an unpredictable way, where processes 

needed to solve the problem at hand were developed as they went (see 5.3.2). The epistemic 

object structured and coordinated the unfolding process of problem solving as described by 

Knorr Cetina (2001), bringing together the different knowledge of the team of acoustical 

engineers, and the wider field of expertise as described by Nerland & Jensen (2012) in 

epistemic practices. 

 

6.3 How does knowledge sharing take place related to their work on 

epistemic objects? 

The expert community in our case developed specific ways to create and share knowledge 

both with the group and the wider community by exploring, developing, and mobilising 

different epistemic objects. This resembles the practices of expert communities, as depicted 

by Knorr Cetina & Reichmann (2015) and Nerland & Hasu (2021). On a group level, several 

epistemic practices of knowledge generation and sharing manifested themselves through the 

team’s ways of working. These practices were not dictated from a management level but 

occurred organically from having worked together for many years. The practices were 
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supported by the knowledge sharing activity of communication which acted as a key factor to 

keep each other updated and give professional feedback on projects, and was specifically 

mentioned in most of the interviews as an essential part of knowledge sharing (see chapter 

5.4).  

Epistemic objects facilitate knowledge sharing by coordinating fragmented and 

heterogeneous knowledge and have a productive and enabling role in triggering the 

development of joint transactive memory in expert communities (understood as knowing who 

knows what in the team) and increasing collective sensemaking (Liu, 2019). The weekly 

meetings were an example of how communication between team members flowed in 

coordinated ways, mixing the fragmented knowledge of the group both through task 

distribution as well as problem solving processes. While most of the team shared educational 

background, each had their own specialties (see chapter 5.2). Transactive memory can be 

achieved through frequent interactions between team members (Liu, 2019). The teams' 

development of transactive memory manifested itself through their focus on active 

communication which was an essential part of their daily routine and became visible through 

their planned meetings, as well as several spontaneous knowledge sharing activities that took 

place when needed (see chapter 5.4). According to Wang & Noe (2010) high cohesiveness 

and long formed teams support knowledge sharing. In our study, the team had been formed 

for a long time and experienced high cohesiveness. The low threshold for giving feedback 

and accessibility of the team, supported by searching for knowledge online, seemingly 

speeded up innovation processes (see chapter 5.4).  

Team communication as a planned knowledge sharing activity is best described in weekly 

meetings, which were of an informal character and the word was open to everyone. From our 

understanding this provided a safe environment for sharing thoughts and ideas with the 

others. The team expressed that they benefited from having the meeting as it provided a 

dynamic conversation, creating and sharing knowledge by discussing issues that could lead to 

new improvements or developments of the software. The experts also highlighted the benefits 

of knowing what’s going on with the others and what they were working on in case they had 

faced a similar issue themselves or knew how to fix a problem that a college was struggling 

with. The open communication provided an access to each other’s work and competence that 

we would argue positively contributes to their knowledge sharing and development practices 

(see chapter 5.4).  
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Knowledge was also shared and developed through the creation of documentation that 

represented knowledge about the object, such as with the material calculator and omni source 

(see chapter 5.4). Documenting the development of the software made the knowledge 

available to the others on the team, enabling them to follow the progress and have insight in 

order to contribute to the development of objects. Although such documentation practices 

facilitated knowledge sharing, there were only parts of the expert community who were fully 

invested in this practice and saw how they as a team could benefit from documenting their 

work. It’s possible to argue that a more holistic approach to documentation practices could 

contribute to increasing the teams’ knowledge on each other’s processes and facilitate a 

transparent practice regarding knowledge sharing and development.  

Another prominent activity that facilitated knowledge sharing and development was 

collaboration, which manifested itself through their daily interactions such as turning to a 

colleague to discuss a problem (see chapter 5.4). In our view, this was a key factor in their 

knowledge sharing and development practices, and we would argue that the active 

communication and their shared understanding of depending on each other positively 

contributed to their work. The shared understanding that they could not know and understand 

everything individually was reflected in the practices of always having two people involved 

in development projects and appeared in line with their practice of sharing competence 

through daily interactions that led to the creation of innovative ideas for development of the 

software.  

As Knorr Cetina & Reichmann (2015) explains, expert communities form around the 

knowledge problems linked to specific areas of expertise, and through interviews with the 

members of this expert community, acoustical engineering was identified as the core 

disciplinary identity within the team, even by the non-acousticians. Their shared identity and 

belonging to the field of expertise is reflected through the teams’ contributions to the wider 

machineries of knowledge construction on a meso level (Nerland & Jensen, 2012), by their 

participation at conferences where they represent the company and present contributions in 

forms of research papers and presentations of new developments, such as the omni source 

that was recently launched.  

Alongside the above mentioned practices, the expert community also facilitated workshops 

and courses developed for their end users, and in this way took part in what Knorr Cetina & 

Reichmann (2015) described as processes of learning and knowledge creation linked to wider 
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knowledge cultures specific for their expert areas. The company provides courses adapted to 

the user’s knowledge levels of the software, by facilitating full weeks dedicated to software 

training combining demonstrations, hands-on exercises and discussions on specific cases 

brought by the participants, which contributes to the expert community’s practices related to 

the creation, development and sharing of knowledge as described by Nerland & Hasu (2021). 

 

6.4 What challenges does this expert community face when working 

on joint epistemic objects? 

In our analysis we identified the two challenges of complexity and uncertainty, and 

exemplified them with reference to the code, the Omni source and the material calculator. 

As described by Knorr Cetina (2001) complexity is a characteristic of epistemic objects, their 

complexity increases as it is being worked on and knowledge of the object increases and they 

introduce more complexity and variation to the area of expertise. In our findings the expert 

community experienced complexity from the increasing size of the code and manifold of 

functions gathered in the software, requiring the ability to focus on partial objects and find 

ways of handling the complexity. They also experience complexity in the difference between 

the theory implemented in the software and the results of measurements in actual rooms, 

requiring repeated testing and acceptance of uncertainties. The increasing complexity they 

experience supports our claim that the software is an epistemic object and that knowledge is 

being developed. The complexity also opens up for a range of opportunities for the object to 

be explored, and in this sense complexity can act as a driver for new developments and can 

end up in new functions. Nerland & Jensen (2012) describe this as explorative practices 

where the object unfolds and complementing confirmative practices where the objects are 

materialised in order to be used, such as when our expert community were finalising partial 

objects for launch.  

As we found in our analysis, complexity and uncertainty were interconnected and uncertainty 

became an issue when the expert community was faced with the great complexity of the field 

of expertise. Uncertainty was connected to developing objects without definite answers, as 

well as uncertainty in what to develop and where the process would lead them (see chapter 

5.2.2). Dingsøyr et al. (2012) describes uncertainty as an inherent part of agile software 
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development that is futile to attempt to control. Uncertainties also occur in room acoustical 

design practice and are related to the uncertainties in estimations and algorithms (Brinkmann 

et al., 2019) and is a central characteristic of computer simulations in room acoustics 

(Vorländer, 2013). Uncertainty in our case might thus be embedded in the field of expertise 

itself, and as mentioned by one of the experts on the team, never being completely sure was 

the biggest challenge (see chapter 5.3.2). Uncertainty can also take the form of task 

uncertainty, where lacking necessary information to develop the software hinder effective 

knowledge sharing (Ghobadi, 2015). Task uncertainty might as well be an inevitable part of 

epistemic practices, as a developer in our expert community mentioned, their task was to 

come up with the tasks (see chapter 5.2.1). This was central when developing knowledge 

such as coming up with and developing new functions. Identifying tasks took place both 

during discussions in the weekly meetings and through collaboration between team members, 

where the manager was a central actor. Uncertainty seems to be connected with the lacks and 

undefinable character of epistemic objects, but can be handled like in Ewenstein & Whytes’ 

(2009) article where uncertainty helped focus team efforts in finding solutions through subtle 

processes. 

Nerland & Jensen (2014) saw the need for more research on the ways expert communities 

deal with complexity and uncertainty. An example of how this can take place is given by 

Mahringer et al. (2019) who argue that routine helped restrict and coordinate unfolding 

processes of epistemic objects through practices of structuring, materialising, recalling and 

closing. They found that balancing the need of order and wish to explore created tensions and 

negative emotional reactions, requiring positive emotions to achieve emotional balance. 

Dealing with complexity and uncertainty was also central in practice of our case company. It 

was challenging experiences of fighting physics where results didn’t always make sense (see 

chapter 5.5), but how they describe these challenges with enthusiasm gives the impression 

that the expert community have reconciled with the complexity and uncertainty as an 

integrated part of working with epistemic objects, and succeeding in developing stable 

functions was a motivational factor (see chapter 5.2.5). The omni-source needed to be 

produced and sold and the material calculator had to be implemented into the software and be 

usable for end users.  

The main strategy for dealing with complexity and uncertainty in our case can be drawn from 

the ways of working of the team. Communicating and talking together were commonplace 
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and contributed to confidence on the team (see chapter 5.4) and involved discussing and 

agreeing on the direction. Sharing the responsibility for decisions made acted as a social 

mechanism in dealing with complexity and uncertainty by helping support the unfolding 

process and was dependent on frequent communication and interactions. It reflects the 

epistemic practice of engineers of envisioning, constructing and assessing multiple solutions 

where solutions gradually emerge through dialogic conversations considering different 

responses, as described by Cunningham & Kelly (2017). While the epistemic object is in the 

centre, its complexity elicits uncertainty in the experts when worked with. Strategies such as 

social leverage were supported by transactive memory (Liu, 2019) and helped counter the 

uncertainties and stop them from becoming barriers of knowledge sharing, such as with the 

task uncertainty described by Ghobadi (2015). Then the complexity of epistemic objects can 

rather open possibilities for developing new knowledge as described by Nerland & Jensen 

(2012). 

 

6.5 How is the development and sharing of knowledge in expert 

communities facilitated by working with joint epistemic objects?  

We have identified the specific ways knowledge sharing and development take place by 

exploring the role of epistemic objects and epistemic practices in a specific expert community 

developing a software for room acoustics computer simulation. We will here discuss how our 

findings relate to the wider field of research.  

Joint work on epistemic objects facilitated epistemic practices in software development. 

Dittrich et al. (2020) showed how software development doesn’t necessarily need to follow a 

specific methodology, but evolve as the results of deliberate practices. We have here given an 

example on software development as epistemic practices in room acoustics simulation and 

showed how rather than the software development methodologies themselves, acoustical 

expertise and the background of the experts shaped the practices (see chapter 5.2) as evolving 

practices over time, as described by Dittrich et al. (2020). 

The expert community had formed over a long time and showed how older development 

teams work in practice and have been discussed using an established theoretical framework, 

as called for by Dingsøyr et al. (2012). We used the concepts of epistemic objects and 
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practices as described by Knorr Cetina and others (see chapter 3) and analysed a case of 

software development practices similar to those of Fitzgerald & Stol (2017) label continuous. 

Fitzgerald & Stol (2017) asked how continuous evolution and maintenance of software 

systems can be facilitated and how key barriers between development and operations can be 

removed. We here gave an example of how the software evolved for over three decades 

facilitated by changing epistemic practices used in working with software as an epistemic 

object, and how working in a small team reduced barriers between development and 

operations (see chapter 5.3).  

We identified four knowledge sharing activities that contributed positively to the expert 

community’s epistemic practices used in developing the software as an epistemic object. 

Wang & Noe (2010 ) asked for more research on how expert communities establish 

knowledge sharing cultures and how these affect dynamics of knowledge development. We 

have analysed how software as an epistemic object supported knowledge sharing activities 

such as collaboration and communication in a highly cohesive team environment. Further, 

Ghobadi (2015) argues that understanding the drivers of knowledge sharing in software 

development teams helps members reach ideal levels of knowledge sharing and 

communication. We have identified internal and external drivers of epistemic objects that 

support knowledge sharing in a team of experts developing highly specialised software. 

Technology-related and task related knowledge sharing drivers in software development were 

the least developed of Ghobadi’s ((2015) categories. The concept of epistemic objects can 

inform the technology-related category, and the uncertainty experienced by the expert 

community can inform the task-related category, where transactive memory, collaboration 

and knowledge collection activities support overcoming the lack of necessary information in 

task-uncertainty. Cunningham & Kelly (2017) saw the need for studying knowledge 

generating practices based on the social meaning making processes to understand how 

engineers develop knowledge. We have contributed by giving an example of engineering 

practices in highly specialised software development where the end users play a central role. 

Software as an epistemic object elicits specific epistemic practices and ways of working. 

According to Merz (2018), computer simulations act as mediators between theory and 

experimentation. In computer simulation of room acoustics this is clearly the case, 

exemplified with the material calculator mediating between scientific models and 

experimentations in simulations representing different real-life scenarios. The challenges in 
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room acoustics computer simulation software listed by Vorländer (2020) involved 

uncertainties embedded in the project of trying to make reliable and realistic simulations. We 

have analysed the complexity of solving problems of room acoustics computer simulations 

and how expert communities tackle these challenges and uncertainties through epistemic 

practices. 

Finally, joint epistemic object work in our expert community involved epistemic practices of 

engineering where knowledge sharing was an integrated part. According to Nerland & Jensen 

(2012), the concept of epistemic practices can be advanced by seeing how these are carried 

out in different expert communities. We have identified epistemic practices in an acoustical 

expert community and discussed these by using the framework of epistemic practices in 

engineering developed by Cunningham & Kelly (2017) and discussed how wider machineries 

of knowledge construction come together in epistemic practices, as described by Nerland & 

Jensen (2012). We have here shown how knowledge sharing is part of epistemic practices 

and facilitated by the epistemic objects ability to elicit knowledge sharing by coordinating 

knowledge development (Liu, 2019). This may add to a heuristic of strategies used in 

epistemic practices, as called for by Nerland & Jensen (2012).  

Nerland & Jensen (2012) asks for more research on how practitioners negotiate what problem 

to focus on and what investigation-strategy to choose when several paths are possible. We 

found examples of expert communities making priorities of what functions to develop (se 

chapter 5.2), involving knowledge sharing activities of communication and collaboration (see 

chapter 5.4), where agreeing on what direction to take is the result of complex decision 

making processes, and as described by Cunningham & Kelly (2017) involving considering 

possibilities and restrictions related to clients, technology and theory, as well as making 

trade-offs between criteria and constraints by balancing needs and realistic constraints in 

design work. In the next chapter we will summarise our findings and discuss their 

significance.  
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7. Conclusion 

7.1 Summary 

We have explored how knowledge sharing and development takes place in highly specialised 

knowledge work by asking the broader question: how is the development and sharing of 

knowledge in expert communities facilitated by working with joint epistemic objects?  

Through observing and interviewing a team of eight experts in a small company that 

collaborates on developing a room acoustic simulation software, we found that they function 

as an expert community whose work was embedded in a wider knowledge culture within 

their field, and they participated in specific knowledge cultures to develop the software. The 

specialists engaged with the software as an epistemic object to solve complex acoustical 

knowledge problems in unfolding processes of exploration and stabilisation, applying 

scientific knowledge to concrete cases. Working with epistemic objects elicited knowledge 

sharing that coordinated the knowledge of the expert community. They worked on partial 

epistemic objects, such as the omni-source and material calculator, each functioning as focus 

points for developing the software and contributing to the wider field of expertise. By 

engaging in epistemic practices of engineering they shared knowledge and solved complex 

knowledge problems linked to wider machineries of knowledge construction in practices of 

engineering in social contexts, uses of data and evidence to make decisions, tools and 

strategies for problem solving and finding solutions through creativity and innovation. They 

faced challenges of complexity and uncertainty originating from working on highly complex 

epistemic objects and employed social strategies of communication and collaboration in the 

highly cohesive team environment to handle these challenges. We will now explore the 

implications of our findings, identify further research possibilities and declare the limitations 

of our study. 

 

7.2 Implications 

Working with epistemic objects is a characteristic of expert communities and engaging in 

such epistemic practices can be challenging. Expert communities of engineers such as the one 

explored in this thesis engaged in problem solving from a practical perspective. While 
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engaging in these practices were implicit to the expert communities, explicitly looking at own 

practices can help expert communities to increase awareness about how they work and 

evaluate their own practices. Comparing own practices to such frameworks as that of 

Cunningham & Kelly (2017) may support this development and see how and where practices 

can be improved. Challenges in our case were connected with complexity and uncertainty, 

but from theory we could see that these were innate characteristics of working with epistemic 

objects that both should and could not be avoided. Instead, expert communities need to 

facilitate strategies to cope with challenges and live with the complexity. As in our case, 

being part of a highly cohesive community can support coping with complexity and 

uncertainty, relieving the experts from the pressure coming from working with epistemic 

objects. Knowledge sharing activities such as communication, collaboration, knowledge 

collection and documentation are central to coping with complexity and uncertainty. 

Reassurance from having discussed with a colleague, agreed on a direction, engaged with the 

wider expert field and documented the development can help expert communities navigate 

complexity and reach a point of materialisation where the object can be applied by others in 

practice. Companies and expert communities can facilitate this by ensuring regular 

interactions and close location of colleagues, such as weekly meetings and collocated offices, 

and encourage flat hierarchy and common problem solving in daily work, as well as take part 

in the wider machineries of knowledge construction by attending conferences and 

collaborating with universities.  

 

7.3 Future research 

While we have researched one epistemic object in the field of acoustical engineering and 

competing software providers are likely to have their own specific practices of software 

development, linking into the wider machineries of knowledge construction of our case. 

Comparative studies could contribute to a more comprehensive understanding of the 

specialised field by exploring how competing software interpret the epistemic object 

differently and engage in similar or different epistemic practices (Nerland & Jensen, 2012). 

The different levels of the machineries of knowledge constructions as described by Nerland 

& Jensen (2012) could also be further explored, such as the meso level, to achieve a more 

holistic view on the relationships between different actors involved in epistemic work. 
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Further, we have studied a team with a long history of software development, but only over a 

limited period of time. Longitudinal studies of expert communities such as ours can give a 

deeper understanding of how software development practices change over time, as described 

by Dittrich et al. (2020). Here, more use of observation and following the team in the 

different activities they engage in can give reliable data that are less influenced by the 

interpretations given in interviews.  

Finally, while this study we looked at the theoretical implication of a framework of epistemic 

practices in engineering (Cunningham & Kelly, 2017), other professions have other epistemic 

practices and theory on epistemic practices could benefit from the development of such 

frameworks for other expert communities and comparing these frameworks with that used in 

this thesis. The theoretic framework should also be applied to other software engineering 

expert communities and other professions that work with epistemic objects, in order to 

broaden the understanding of how epistemic objects facilitate knowledge sharing and 

knowledge development, and if these practices have commonalities and differences with our 

case. 

 

7.4 Limitations 

The findings of this study have to be seen in light of some limitations, where the first 

limitation applies to the time aspect as the majority of this study has been planned, carried out 

and written over a period of six months. This has caused some limitations regarding our 

empirical work. Due to time limitations, we only had empirical access to the team for a 

period of six weeks, which is a short amount of time considering that our case company's 

history of development reaches 30 years. A natural consequence of our limited data collection 

period is that our empirical foundation can only describe the teams’ practices during the time 

we had access to them, and didn’t provide us with the opportunity to follow the development 

of the software and the teams’ activities over time. The second limitation concerns the 

observation material. During our data collection period we mainly observed one specific 

activity for knowledge sharing and development, being the team's weekly meeting. As a 

consequence, we gained limited insight into their everyday work besides this particular 

meeting activity. Furthermore, a limitation can be seen in connection with digital data 

collection. A majority of our interviews and observations took place digitally via zoom, and it 
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is possible that this has had an impact on the communication and dynamics of the interview, 

which can affect the findings.  

The final limitation to our findings is that our selection of participants is composed of a 

specific, non-generalisable group of experts with a high level of competence within their 

scientific field. Due to a highly specialised case studied in a specific environment, these 

findings are not valid beyond this study and is not transferable to other software development 

teams or teams of acoustical engineers.  
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