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As a result of the ongoing digital revolution and the rapid diffusion of information and 

communication technologies (ICTs), economic geographers and innovation scholars have 

become increasingly interested in the role of virtual space in knowledge creation and innovation 

(Bathelt and Turi 2011). Recent studies deal with the extent to which ICT can facilitate 

geographically distant innovation networks (Leamer and Storper 2001; Kaufmann, Lehner, and 

Tödtling 2003) and convey codified and tacit knowledge (Romano, Passiante, and Valerio 

2001; Vaccaro, Veloso, and Brusoni 2009). These discussions have given rise to debates 

regarding the supposed advantages of geographical proximity. At the same time, they have 

related the virtual dimension in rather static and predefined ways, and consequently failed to 

take the ongoing progress in ICTs and the mechanisms firms employ to create and maintain 

knowledge into account. For example, the virtual space is often viewed as merely a repository 

of codified knowledge. The physical space, in contrast, is seen as facilitating tacit knowledge 

exchange by enabling face-to-face (F2F) interactions and interactive learning, typically within 

geographical proximity (Asheim 1999; Roberts 2000; Johnson, Lorenz, and Lundvall 2002). At 

times, the virtual dimension is seen as promoting the formation of trust among partners, thereby 

paving the way for physical and more binding forms of knowledge exchange and cooperation 

(Tödtling, Lehner, and Trippl 2006; Grabher and Ibert 2018).  

Geographical proximity is generally acknowledged as having a positive effect on interactive 

learning and knowledge exchange (Bathelt and Glückler 2003; Storper and Venables 2004; 

Morgan 2004; Yeung 2005; Asheim, Coenen, and Vang 2007a). However, researchers have 

recently argued that it is neither a necessary nor a sufficient condition – other forms of proximity 

must be present, such as cognitive, organizational, social, cultural or institutional proximity 

(Boschma 2005). The combination, interrelatedness and mutual reinforcement of these various 

types of proximity (Knoben and Oerlemans 2006), as well as the balance in the degrees of 

distance and proximity within each type, may create a fertile innovative environment. The 

overlap and potential substitution of different types of proximities helps explain how firms can 

exchange and construct knowledge with partners located in very different places (Menzel 

2015). 

An increasing number of firms in the global economy are multi-product and multi-technology 

firms. They innovate by leveraging on a combination of knowledge types from different sources 

and scales (Manniche, Moodysson, and Testa 2017; Grillitsch, Martin, and Srholec 2017). 

Many such firms are found in the software industry, which is a subset of the ICT sector that 

comprises consultancy, database activities, research and experimental development (Cooke et 
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al. 2007). Given the need to maintain the pace of innovation and to gather up-to-date knowledge 

from various domains, these firms collaborate with heterogeneous actors (Grabher 2004; Ibert 

2004; Segelod and Jordan 2004). Indeed, they cut across several knowledge bases and through 

different spaces (Aslesen and Freel 2012; Martin and Rypestøl 2017). The software industry 

tends to localize in urban agglomerations (Isaksen 2006) where firms can access a variety of 

industries as well as higher education and research organizations, whose proximate location 

increases the opportunities for frequent interaction and for the recombination of related (and 

unrelated) knowledge bases, leading to new innovations (Isaksen and Trippl 2016). Cities can 

be creative and cultural hot spots, with a ‘people climate’ that attracts human capital, talented 

individuals and creative class members (Storper and Venables 2004; Trippl 2013). Moreover, 

cities offer access to symbolic knowledge bases through informal interactions with end-

consumers as well as local buzz, and non-commercial, civic, daily-life contextual settings (e.g., 

street cultures, public events; Manniche 2012). This facilitates the transfer of rumours and 

know-who knowledge, which are important for building personal networks (Grabher 2002; 

Johnson, Lorenz, and Lundvall 2002; Jensen et al. 2007). 

Although the extant literature on sources of knowledge and their geographies offers important 

findings, researchers have tended to focus on physical space while disregarding the virtual 

space. By considering the virtual dimension as an interaction space that differs from the 

physical space, we aim to provide a better understanding of how different spaces affect 

knowledge formation. Therefore, the research question addressed in this paper is the following: 

How do software firms use physical and virtual spaces as sources of knowledge? 

The paper is organized as follows. Section 2 provides a review of the literature on the geography 

of knowledge sourcing with a focus on physical and virtual spaces. Our data-collection process 

and methodology are described in Section 3, followed by the analysis and the discussion of our 

findings in Sections 4 and 5, respectively. Section 6 concludes the paper and proposes ideas for 

further research. 

2. Literature Review – Knowledge Sources in Physical and Virtual Space 

Learning and innovation processes do not take place in isolation, but result from the actions of 

interdependent actors who are heterogeneous with respect to their knowledge, skills and roles 

(Lundvall 1992; Bathelt, Malmberg, and Maskell 2004; Asheim et al. 2007b). Innovative firms 

supplement internal knowledge and skills with the knowledge and skills found in a number of 

external sources by employing various knowledge-sourcing mechanisms. The next section 
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presents a literature review focused on the physical and virtual spaces in which innovation-

related knowledge is sought out and exchanged.  

2.1 Sources of Knowledge in the Physical Space – Geographical Proximity 

A widespread argument for the role of geographical proximity in knowledge creation revolves 

around the notion of local buzz and tacit knowledge. Tacit knowledge is an essential component 

of local competitive advantage, as it tends to be spatially sticky and easily exchanged via F2F 

interactions (Markusen 1996; Asheim and Isaksen 2002; Gertler 2003; Storper and Venables 

2004; Bathelt and Turi 2011; Fai, Tomlinson, and Branston 2014). Local buzz is understood as 

the ‘information and communication ecology created by F2F contacts, co-presence and co-

location of people and firms within same industry and place or region’ (Bathelt, Malmberg, 

and Maskell 2004, 38). It is rooted in geographical and relational proximities and involves 

mutual trust, a shared understanding of problems and objectives, a sense of belonging, common 

rules, behavioural norms and social capital (Bathelt and Glückler 2003; Ibert 2010). Labour 

mobility from one firm to another creates knowledge spillovers and typically (though not 

exclusively) takes place in geographical proximity (Trippl, Tödtling, and Lengauer 2009; 

Boschma, Eriksson, and Lindgren 2009). Therefore, a relationship between geographical 

proximity and knowledge exchange has been suggested – the former influences collaborative 

behaviour and cognitive proximity, as well as the types of knowledge that can be created and 

exchanged (Grabher 2002; Storper and Venables 2004; Owen Smith and Powell 2004; Asheim 

and Gertler 2005; Maskell, Bathelt, and Malmberg 2006; Asheim et al. 2007b). Within a region, 

a knowledge ecology is created and exploited by agents embedded in the same space. That 

ecology twists around a shared cognitive frame, which has a cumulative, self-reinforcing 

character (Grabher 2002; Storper and Venables 2004). The place itself becomes an interaction-

opportunity enhancer: social behaviour patterns develop because geographical proximity 

creates opportunities for frequent interactions and tacit knowledge exchange. At the same time, 

the local context triggers less systematic ‘serendipitous encounters’, which might lead to 

creative opportunities (Merton and Barber 2004; Brinks et al. 2018). 

Those not belonging to this regional environment might find it difficult to absorb and use this 

knowledge, as they are not institutionally and culturally proximate (Boschma 2005). As such, 

they are not equipped with the interpretative toolbox provided by cultural norms, laws and 

established practices (Gertler 2003; Leamer and Storper 2001; Morrison, Rabellotti, and Zirulia 

2012). As argued by Grabher and Ibert (2014, 98), ‘physical proximity co-produces relational 
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proximity, and relational proximity in turn promotes learning as it cultivates mutual 

understanding’. However, the argument that physical proximity promotes relational proximity 

and facilitates knowledge exchange does not imply that physical proximity is a sufficient or 

necessary precondition for knowledge exchange. Actors may be closely co-located without 

having a mutual understanding that would allow for a fruitful exchange of ideas. At the same 

time, knowledge may be transferred between geographically distant actors. Such transfers may 

be facilitated by relational forms of proximity.   

2.2 Sources of Knowledge in the Physical Space – Geographical Distance 

Links with extra-regional knowledge sources are essential for ensuring that agents do not 

become locked into a certain way of understanding the world (Grabher 1993; Boschma 2005). 

The level and success of extra-regional knowledge sourcing depends, in part, on the region’s 

economic and institutional characteristics, such as public support for innovation and the 

absorptive capacity of local firms (Trippl, Grillitsch, and Isaksen 2017). This suggests that the 

regional institutional characteristics and the ability to access extra-regional sources of 

knowledge are interdependent.  

In today’s world economy, resources are increasingly distributed on a global scale (Bathelt, 

Malmberg, and Maskell 2004; Gertler and Levitte 2005; Malmberg and Power 2005; Maskell, 

Bathelt, and Malmberg 2006; Cooke et al. 2007; Hauknes and Knell 2009; Bathelt and Turi 

2011; Fai, Tomlinson, Branston 2014; Fitjar and Huber 2015; Los, Timmer, and Vries 2015). 

Not only are technologies transferred globally, but firms can also access and co-create 

knowledge and collaborate in ‘global innovation networks’ (Cooke 2013; Ernst 2009; Malecki 

2011; Parrilli, Nadvi, and Yeung 2013; Herstad, Aslesen, and Ebersberger 2014; Chaminade 

et al. 2017). These geographically dispersed networks are particularly important for companies 

in science-based industries, such as ICT (Tödtling, Lehner, and Trippl 2006), and for small 

open economies, such as Sweden or Norway (Powell, Koput, and Smith-Doerr 1996; Powell 

1998; McKelvey, Alm, and Riccaboni 2003). They are valuable because they provide access 

to dissimilar goods, services, markets and ideas (Bathelt 2008; Trippl, Tödtling, and Lengauer 

2009), and are often viewed as deliberately established linkages that require time and effort to 

build. This might lead to a reduction of the involved agents’ cognitive distance (Maskell 2014) 

and, therefore, to an increased capacity to absorb and process external knowledge (Cohen and 

Levinthal 1990; Zahra and George 2002). 

2.3 Sources of Knowledge in the Physical Space – Temporary Spaces 
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Buzz is not exclusively a characteristic of permanent locations. It can result from temporary 

physical spaces as long as agents are proximate in other ways (e.g., cognitive; Bathelt and Turi 

2011). Temporary clusters can form out of conferences and international fairs when individuals 

belonging to the same community of practice or epistemic community exchange and create 

knowledge (Amin and Cohendet 2004; Grabher 2004; Maskell, Bathelt, and Malmberg 2004; 

Maskell 2014; Henn and Bathelt 2015; Bathelt and Gibson 2015). These spaces can be seen as 

‘field-configuration events’ (Maskell 2014), where participants jointly define what is the 

relevant knowledge for their field, which are the problems and their admissible solutions, and 

how the technological trajectories coherently adapt. In other cases, they have the characteristics 

of ‘field-reproducing events’ in which temporary spaces lead to the reinforcement of a 

respective field (Henn and Bathelt 2015). Such social constructions of new meanings or re-

enforcements of common orientations happen through F2F interactions and group meetings, 

and constitute a temporary global buzz (Maskell, Bathelt, and Malmberg 2004, 2006; Bathelt 

and Schuldt 2008, 2010; Schuldt and Bathelt 2011; Fitjar and Huber 2015). This suggests that 

learning and innovation through spillovers and informal networks do not just occur among 

physically proximate actors with long-term relationships – they can happen in temporary spaces 

where geographical proximity and distance intertwine. Participants ‘are both gatekeepers of 

knowledge and the pipelines between global buzz and local buzz’ (Fai, Tomlinson, and 

Branston 2014, 7). These temporary events change the individuals’ personal networks by 

adding new linkages and reinforcing existing ones. Even if some of these interactions do not 

prove important for innovation, they are opportunities for joint action and mutual learning.  

2.4 Sources of Knowledge in the Virtual Space 

The above sections show that knowledge linkages vary along the dimensions of geographical 

proximity, distance, and duration. Knowledge linkages are also generated and sustained in the 

virtual dimension. Some scholars explore the virtual as a dimension of space that is separate 

from the technological infrastructure, and that sustains both local and global linkages. Rallet 

and Torre (1999) study the reorganization of firms’ interactions networks through the virtual 

space. Such networks rely on organizational proximity for the transfer and creation of tacit 

knowledge at distance. This allows relations to be ‘shared in an organizational arrangement, 

either within or between organizations’ (Boschma 2005, 65), and for actors to ‘have the same 

reference space and share the same knowledge’ (Torre and Gilly 2000, 174). Romano, Passiante 

and Valerio (2001) and Passiante and Secundo (2002) focus on the internetworked organization, 

which arises when digital networks create value through the integration of the supply chain and 
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together compose a virtual cluster. In certain cases, these clusters are knowledge-sharing 

communities (i.e., virtual communities; Grabher and Ibert 2014, 2018) in which tacit and 

codified knowledge are created and exchanged, and the main governance mechanism is sharing 

(Belk 2010). The governance of such communities focuses on open innovation: communication 

channels are rich, property rights and incentives are viewed as antithetical, and participation is 

often centred on hobbies, passions or public goods (Franke and Shah 2003; Felin and Zenger 

2014). Virtual buzz can be embedded in social networks that transcend specific locations, 

suggesting that both codified and tacit knowledge can be transferred within the virtual space. 

Organizational, social and cognitive proximities act as enablers without requiring permanent or 

even temporary physical co-location.  

Taken together, these strands of the extant literature demonstrate that an increasing amount of 

attention is being paid to the role of the virtual space in the construction and support of 

knowledge sources.  

3. Method and Data – Interviews with Software Firms in Oslo and Malmö 

The aim of this paper is to improve our understanding of the role of physical and virtual spaces 

as sources of knowledge by examining how software firms search for and exchange knowledge. 

The empirical analysis is based on document studies for and in-depth interviews with 

representatives from firms in the software industry in the urban agglomerations of Oslo 

(Norway) and Malmö (Sweden). We focus on the software industry due to its high impact, 

growth, and rapid diffusion to all aspects of other industries and modern life. In general, the 

ICT and software industry provide rapidly evolving enabling technologies. At the same time, 

there is widespread demand for advanced solutions based on those technologies (Strambach 

2012). An understanding of the spatial dynamics of the software industry is fundamental to the 

understanding of the modern digital economy. The sector has often been labelled as footloose 

and not tied to specific places, pointing to a geographically ‘flattening’ world economy 

(Friedman 2005). However, empirical evidence shows that the industry is typically 

concentrated in high-cost urban agglomerations, and not in peripheral regions (Isaksen 2004).  

Oslo and Malmö can be seen as institutionally and organizationally thick regions (Isaksen and 

Trippl 2016), and they exhibit several features that explain their high level of attractiveness and 

absorption capacity. Both regions are major centres for software development in their respective 

countries (see also Isaksen 2006; Martin and Trippl 2017). In 2010, as much as 57.5 percent of 

Norwegian ICT employment was in the greater Oslo region, and a large part of those employees 
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were working in software development (Jøranli and Herstad 2017). Malmö and the 

neighbouring city of Lund host some of the main players in the Swedish ICT industry, including 

Ericsson and Axis Communications, as well as a dynamic entrepreneurial ecosystem with a 

large number of small and medium-sized software developers. 

In both regions, we initially contacted public support organizations to identify innovative 

software companies (i.e., reference-based selection; Patton 1990). The selection of software 

firms was steered by our desire to understand how firms search for knowledge in a context in 

which physical and virtual spaces are important. In total, we interviewed 24 firms (8 in Oslo 

and 16 in Malmö). The interviews were conducted between April and June 2015 in Oslo and 

between January and July 2016 in Malmö, and lasted between 45 and 90 minutes. The selected 

interviewees were key personnel (i.e., chief executive officers (CEOs) or chief technical 

officers (CTOs)) with comprehensive insights into the innovation and knowledge-sourcing 

activities of their firms.1 The sample of firms varies with respect to NACE sectors (parts of 

NACE 58-63 and 73-74), size (from 5 to 250 employees) and age (established between 1995 

and 2012). Small and young software companies were prevalent. The interviewed firms were 

heterogeneous in terms of their core activities, which included the production and 

commercialization of own products, and the provision of technological solutions using existing 

semi-finished or proprietary technologies. Innovation outputs targeted different sectors (e.g., 

media and broadcasting, transportation, education and manufacturing), which is typical for the 

software industry (Martin and Rypestøl 2017). The inclusion of companies from two urban 

agglomerations allows us to further broaden and diversify the sample with regard to 

geographical context. 

The interviews aimed at gathering contextual and relational data on firms’ innovative 

behaviours. The focus was on knowledge-sourcing, knowledge-exchange and knowledge-

creation activities, as well as the type and geography of knowledge linkages, especially in terms 

of the spaces from which they originated. The interviewees were explicitly asked to describe 

how and from where their companies acquired knowledge relevant for innovation.  

 

4. Analysis: Software Firms and their Knowledge-Sourcing Activities 

                                                            
1 Even though the full scope of knowledge sourcing cannot be comprehended or articulated by a single person, we are 
confident that the interviewed CEOs and CTOs had a good overview of their companies’ most important innovation and 
knowledge-sourcing activities. 
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The literature section highlighted the current debates on the roles played by the physical and 

virtual spaces in the search for and exchange of innovation-relevant knowledge. Despite the 

results of previous contributions, there is a clear gap in our understanding of how knowledge is 

exchanged and constructed, especially when physical and virtual spaces are combined. The 

following analysis explores software firms’ knowledge linkages in each of these dimensions. 

4.1 Knowledge Search and Exchange in the Physical Space 

A firm’s external knowledge network relies heavily on its employees’ personal skills and 

connections. Along these lines, software firms recruit new employees for at least two reasons: 

1) to obtain technical skills that match the firm’s innovation strategies, and that broaden and 

deepen its knowledge base, and 2) to get the ‘know-who’ needed to widen the firm’s network. 

This is in line with findings on the learning and innovation mechanisms used by knowledge-

intensive business services (Tether and Tajar 2008). One respondent notes: ‘Access is a better 

word. We get it from our employees, who hold the knowledge. We have it in our relationships 

[with] universities (…) and with partners, who also have knowledge in different areas’. The 

interviewed CEOs and CTOs were aware of the importance of hiring and retaining employees: 

‘As much as possible, we hire to keep skills and experience in-house in the long term. It is very 

cheap to hire people for a short period of time, but (…) we are here for the long term, so we 

should build the skill set and focus on hiring people that want to be here.’ Much of the 

knowledge needed for innovation is embodied in people, and is acquired by recruiting new 

employees or training existing staff (Leamer and Storper 2001). The presence of 

technologically related firms in the region and the mobility of workers among them can cause 

knowledge spillovers, and contribute to the creation and sustainment of local buzz. One of the 

Oslo firms admits to having very high staff turnover and to frequently losing employees to local 

competitors: ‘Luckily, some of them come back after a few years.’ Most companies describe 

inter-firm mobility as high, which can be explained by the large number of potential employers 

for software developers in the two case regions. Obviously, firms benefit from co-location with 

other firms belonging to the same ‘skilled trade’, which points to the advantages that arise from 

localization economies (Beaudry and Schiffauerova 2009). 

Even though the labour markets in Oslo and Malmö are important spaces for recruitment, a firm 

from Oslo reports that it has ‘to hire from abroad. It is very hard to find people in Norway who 

are active in engineering or design.’ In contrast, the software firms in Malmö report that they 

mostly hire within Sweden, especially from the Malmö region, with the exception of a few large 

companies that can afford to recruit internationally. International recruitment typically relates 
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to specific programming skills, which raises the bargaining power of international candidates, 

who often require high salaries in order to move. International recruitment is rare and typically 

occurs through personal networks, in connection with temporary physical spaces (e.g., at 

conferences, fairs and exhibitions) or through searches in the virtual space (e.g., via online 

recruitment platforms). International recruitment is relevant when there is a local shortage of 

specialized software skills, but it is difficult to achieve for small firms that lack the financial 

resources and international reputation needed to attract foreign experts. 

The interviews reveal that software companies rely heavily on personal networks. One 

respondent states: ‘I think I would never have chosen to be in Norway if it was not for the 

people whom I randomly found to work with here. We have been in business together for twenty 

years’. The geographical reach of an individual’s personal network depends on individual 

experiences and openness to the outside world: ‘We travel a lot to competitors all around the 

world to learn from them. (…) We have informal and formal contacts, and knowledge 

exchange. This is used a lot.’ 

Personal networks of key individuals can also contribute to the success of the local industry in 

general. In recalling his own relationship with several business networks, one company 

representative states: ‘That was a collective Nordic effort to go global, and the Oslo Business 

Region identified it as something they wanted to support (...). By serving as (…) an international 

ambassador for them, I have been able to provide a lot of value to Oslo. I have also been able 

to get plenty of value out of it by establishing activities that we needed as a company.’ 

Many of the interviewees view Oslo as one of the few Norwegian cities capable of guaranteeing 

the necessary range of services and infrastructure for innovation and informal knowledge 

exchange, even among competing firms. Such knowledge exchange occurs through events and 

training. As one interviewee states: ‘There are loads of different events [in Oslo] and some good 

hotspots like MESH, Innovation Lab, Startuplab and INMA. They have regular events (…). We 

have also international concepts (…), like Pecha Kucha Night, (…) here in Oslo, which is very 

cool.’ Similarly, the companies in Malmö appreciate the presence of other software firms and 

the strong public support infrastructure: ‘It is a joint goal for Media Evolution, us and many 

other companies in the region to make Malmö the place to go to when it comes to what we are 

working with here. I think we have come a long way toward doing that. We have a very strong 

start-up scene. We have The Conference. We have Media Evolution as a cluster. We have a few 

really good agencies. We have a lot of angel investors. There are a lot of things going on around 

digital transformation and communication in this region.’ 
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Many of the organizations with which the interviewees collaborate have an international reach. 

Frequently mentioned collaboration partners in Oslo are the University of Oslo, multinational 

companies and banks. In Malmö, important partners include the two regional universities, the 

local branch of the Swedish multinational company Ericsson and local offices of various foreign 

multinational companies. This can be seen as another advantage of urban agglomerations: they 

often host multinational organizations that smaller firms can use as local hubs for global 

knowledge sources. As one respondent says: ‘We collaborate with Cisco Systems (…). In that 

case, we do not need to go to California to get access to the best people in video conferencing 

systems.’ This particular regional context helps connect people to the global scene to the extent 

that it is able to attract global actors as well as create linkages to relevant knowledge hubs 

abroad. 

With regard to the role of global knowledge sources, one respondent says: ‘I think it is important 

to be inspired. One has to go outside a rather uninspiring environment – you go where the action 

is.’ In this regard, temporary physical spaces, such as international fairs and conferences, are 

valued opportunities for F2F encounters with heterogeneous actors with related interests and 

goals. These actors can include end users, competitors, partners, clients, research organizations 

and universities. Such encounters offer opportunities to exchange opinions and information, as 

well as to confront ideas, enforce reputations and recruit personnel with certain skills. 

Participants learn about the current state of technological development and, together, they shape 

the future of the industry. As a respondent from Oslo states: ‘In our industry, things change 

quickly. We need to be on the cutting edge (…). You can only do that if you are out there and 

know what is going on (…). Therefore, [going to conferences] is absolutely necessary.’ 

Similarly, a respondent from Malmö highlights the importance of physical presence at 

international conferences: ‘We go to conferences. It is a good way to get inspiration (…) and 

international input. We have sent people to New York, Amsterdam and Norway, and here to 

The Conference in Malmö”. At conferences, F2F meetings often lay the foundation for future 

collaboration. As stated by an interviewee from Oslo, ‘business also emerges from meetups. 

You talk to someone and they need, for example, a designer for a project. We sit down, have a 

meeting and figure it out. Maybe we can do more than just design – we can do some other things 

as well’. 

4.2 Knowledge Search and Exchange in the Virtual Space 

The virtual space is the central focus attention among all interviewed firms due to its multiple 

functionalities as a source for codified and tacit knowledge. Different online communities were 
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indicated as virtual spaces in which software developers get in touch with each other. Social 

media platforms (e.g., Twitter, Facebook and LinkedIn), user groups and internet fora are 

important virtual spaces in which people search for skills and ideas, give advice, and co-develop 

technologies. This is in line with Sotarauta et al. (2011), who find that software firms (belonging 

to the category of ‘digibusiness’) rate informal ties in online communities as important for 

gathering knowledge not tied to physical proximity. 

The search for knowledge in the virtual space is facilitated by the ease of digital communication, 

which does not require people to be connected simultaneously or in real time, as conversations 

can be sequential and delayed (except for calls and virtual meetings). Furthermore, knowledge 

linkages in the virtual space are not necessarily bidirectional, as is usually the case with F2F 

interactions in the physical space, but may well be unidirectional. Following firms or 

individuals on online platforms may not have the intensity and reciprocity of physical 

interaction, but it can provide inspiration for future projects and enable learning about new 

industry trends. Furthermore, online platforms are an important search space for solutions to 

technical problems that occur in software development. Firms can gather technological and 

other knowledge inputs, especially from online communities, such as internet fora and user 

groups (Grabher and Ibert 2018).  

As a respondent from Oslo states, ‘when you look at the forums from which developers get 

their knowledge, they are incredibly complex and very high-tech’. A respondent from Malmö 

highlights the role of virtual space as a source for technical knowledge, ‘this [conference] is 

more for inspiration than to get (…) real knowledge. Basically, they are going to find the real 

knowledge online’. In response to the question on key sources of technical knowledge, another 

respondent states: ‘It is the internet – it is almost only the internet. Sometimes, we go to a 

seminar or conference or something like that, but 99 percent is the internet.’  

The results of firms’ explorations in the virtual space may constitute a significant part of their 

knowledge input. This is because most of the software solutions they produce are composed of 

technologies and knowledge developed by other programmers and shared on open-source 

websites: ‘We can use open-source solutions, which are better than the proprietary systems 99 

percent of the time. Part of being in this business is that we can do everything with systems that 

are either free or cheap’. Consequently, the firms’ competitive advantages reside in unique 

combinations of these knowledge pieces, and in the new meanings that knowledge and 

technologies gain when used in a new context. Virtual spaces focused on specific themes serve 

as the loci of formation of communities of practice. Participants discuss their experiences, solve 
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common problems, negotiate meanings and create shared conventions (Grabher and Ibert 2014, 

2018). These communities form irrespective of physical proximity. Moreover, as most activities 

in the virtual space are visible online (e.g., the uploading of specific content), it is possible for 

agents to test the coherence of others’ actions, their alignment and their commitment to the 

same values. 

It would be misleading to think that knowledge in the virtual space is instantly available at no 

cost (Bathelt, Malmberg, and Maskell 2004). To find inputs for innovation processes, learning 

is needed to understand the usefulness of each piece of knowledge and to combine them. In 

virtual spaces, firms can source knowledge in a unidirectional way. At the same time, they can 

actively contribute to knowledge generation and sharing. Firms can also act as sources, 

receivers and co-creators of knowledge. This became apparent in the case of open-source 

software (e.g., the GNU/Linux operating system and its derivative, Android), which is often 

generated by user communities and professional users. As pointed out by Grabher and Ibert 

(2018), physical proximity strengthens the social coherence within these online communities. 

However, even though F2F interactions may occur, they do not seem imperative, as technical 

knowledge is primarily sourced and exchanged in the virtual space. This does not relate solely 

to technical knowledge, as actors also share other content online – from research papers to 

complete projects. With regard to the unidirectional acquisition of knowledge, one interviewee 

stressed that the origins of technologies and knowledge do not matter because they are 

accessible to all.  

The virtual space can be seen as dynamic repository of knowledge that can be accessed 

whenever needed. Not only is the knowledge repository continuously enlarging, but the 

content’s meaning is also constructed and deconstructed by agents using it in their innovation 

efforts and interpreting it in different ways. When new content is introduced in the virtual space, 

even those who do not belong to the community from which it stems from can help to sharpen 

it further. This leads to multiple interpretations of the content based on each agent’s cognitive 

frames (Grabher and Ibert 2014). One consequence of this echo potential is that the virtual space 

can be used by firms to attract the attention of different communities locally and globally: 

‘When we do things like this, it gets coverage in places like WIRED in Japan (…). Those things 

aren't rocket science (…), it’s speculative work.’ In this sense, an active presence in the virtual 

space is not only a means for sourcing knowledge. It is also a way to distribute knowledge, 

promote ideas, and create attention on local and global markets.  



16 
 

The virtual space is also used to monitor competitors by trying to understand their innovation 

strategies, and their use and interpretation of technologies. This increases the risk of copying 

and reverse engineering, but also helps overcome technological bottlenecks and, thereby, 

speeds up innovation in the industry. In any case, even if information on competitors’ products, 

strategies and networks is monitored in the virtual space, it is rarely possible to comprehend the 

processes used to build up relationships or to develop a technical solution. A bidirectional, trust-

based relationship that goes beyond unidirectional monitoring is necessary to obtain procedural 

knowledge. 

A final important functionality of the virtual space that has been frequently mentioned is the 

possibility of replicating activities that take place in the physical space. Digital-communication 

tools make it possible for firms to take part in conferences or meetings that happen at a 

geographical distance, especially when it would be too costly or time-consuming to attend these 

events in person.  

5. Conclusions - The Virtual and the Physical as Mutually Dependent Spaces  

The analysis highlighted the wide range of knowledge sources that firms utilize in knowledge 

formation. It clearly showed that the interviewed companies connected with various knowledge 

sources in different spaces – physical and virtual. A linkage with one source can take both 

physical and virtual forms, sometimes at the same time. Likewise, the virtual space is used to 

source knowledge both locally and globally. This variety can be explained by the need to 

combine different types of knowledge from different sources in order to innovate (Manniche 

2012; Manniche, Moodysson, and Testa 2017; Grillitsch, Martin, and Srholec 2017). 

Informal, low-cost mechanisms are undoubtedly an important input in the knowledge-formation 

process of software firms. These mechanisms not only take the form of informal gatherings at 

fairs and conferences, but also arise in virtual spaces that can have both a private and a 

professional nature. Much of the knowledge needed to design and build new software is 

available in open virtual communities, which lowers the need for the formalized contracts with 

suppliers and external consultants that are typical of other industries. However, as the 

innovation outcomes of software companies are applied to different contexts and target a variety 

of businesses, firms need to build and rely on networks that span various communities (similar 

to the advertisement industry; Grabher 2002, 2004). This network infrastructure provides firms 

with a continuous flow of knowledge and serves as the basis for additional entrepreneurial 
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opportunities. All of these linkages, irrespective of the space in which they reside, make up the 

firms’ knowledge and innovation spaces. 

Some of the literature on innovation and knowledge sourcing has considered the virtual space 

as separate from the physical space, and as having fewer, purely instrumental functionalities. 

This subjugated role reflects a perception of the virtual space as a facilitator of the exchange of 

codified knowledge with limited capacity to transmit tacit knowledge (Kaufmann, Lehner, and 

Tödtling 2003; Bathelt and Turi 2011). In this paper, we have shown that the virtual space is 

not limited to the search for codified knowledge, but has several functions. It serves as an arena 

for interactive learning; for the exchange of technological knowledge; for sharing information 

through conferences, branch meet-ups and other social events; for advertising and selling new 

products and services; and for recruiting qualified staff. This calls for careful consideration of 

the virtual space in studies on innovation and knowledge formation.  

We do not claim that the virtual dimension can serve as a substitute for the physical one. Instead, 

the virtual space should be seen as an arena that can reinforce existing knowledge linkages and 

allow for the establishment of new ones. With the increasing importance of the virtual space, 

the distinctions between geographical scales and different sources of knowledge are becoming 

increasingly blurred. The view of the virtual dimension as inextricably related to the physical 

one creates new theoretical and empirical challenges. More research is needed to understand 

how innovation processes and collaborative dynamics unfold at the intersection between virtual 

and physical spaces.  

Notwithstanding these finding on the importance of physical and virtual spaces for knowledge 

formation, additional insights could be gained from more processual, dynamic analyses (see, 

e.g., Rusten and Overå 2014; Jeannerat and Crevoisier 2016). A processual perspective would 

not only allow for the recounting of the events that led to a certain linkage but also disclose the 

processual mechanisms. For example, a physical linkage in geographical proximity may lead 

to a new linkage to a virtual community, while attending a conference may lead to the 

consolidation of informal relationships and, eventually, to a formalized collaborative link. From 

a processual perspective, each interaction opportunity has more than one functionality or one 

consequence. Each knowledge linkage can serve different purposes, which might change over 

time. For example, a firm’s participation in physical meetings, its presence in virtual 

communities and its engagement in R&D collaborations may serve to enlarge and sustain 

networks, spread the firm’s reputation and help it find partners that may help address technical 

problems in the innovation process.  
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Additional studies could analyse the role of dormant linkages – linkages that do not actively 

convey knowledge but can be activated by firms as soon as they become necessary. ICT 

advancements allow people and firms to maintain relationships over significant geographical 

distances despite a lack of opportunities for physical meetings. Not only can the nature of these 

linkages remain intact, but ICTs have also multiplied the quantity, speed and modes of 

information exchange and construction (e.g., videoconferences, email, chats and dedicated 

blogs) with known and unknown counterparts.  

Overall, we argue that in order to understand how firms access and create new knowledge for 

innovation, it is important to appreciate the virtual and the physical as two mutually dependent 

spaces. The role of the virtual space and its connection with the physical space is a promising 

area for new research on the geography of innovation and knowledge creation. 
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