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ARTICLE

One or all channels for knowledge exchange in clusters?
Collaboration, monitoring and recruitment networks in the
subsea industry in Rogaland, Norway
Nina Hjertvikrema,b and Rune Dahl Fitjar a

aUiS Business School, University of Stavanger, Stavanger, Norway; bNorce Social Sciences, Stavanger, Norway

ABSTRACT
Existing research has emphasised various mechanisms for knowledge
exchange in industry clusters, including inter-firm collaboration, labour
mobility, and monitoring of other firms. However, these mechanisms
are normally studied in isolation, and we know little about how they
interrelate. This paper examines which firms collaborate within
a cluster. We ask whether knowledge exchanges through other chan-
nels, specifically monitoring and labour mobility, are positively or
negatively associated with collaboration. We use data from interviews
with 30 firms in the subsea sector in Rogaland, Norway, representing
nearly the entire population of the cluster, to examine the association
between the different forms of linkages. The results from Social
NetworkAnalysis reveal anoverall highdegreeof knowledgeexchange
among the organisations making up the subsea cluster. Furthermore,
using Quadratic Assignment Procedure (QAP) regression analysis, we
find that collaborative linkages are significantly more likely to exist
between firms which share recruitment and/or monitoring linkages.

KEYWORDS
Knowledge exchange;
collaboration; monitoring;
labour mobility; clusters;
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1. Introduction

Literature in economic geography and innovation studies has long been preoccupied with
the co-location of firms in clusters and industrial districts, and in particular with the
potential for knowledge exchange between co-located actors resulting in innovation. It is
increasingly recognised that co-location does not automatically lead to knowledge
exchange, and that it is therefore necessary to study bilateral exchanges between actors
and the networks created by these (Boschma and Ter Wal 2007; Giuliani and Bell 2005;
Morrison and Rabellotti 2009). Empirical studies building on social network analysis have
revealed that clusters may contain very different network structures and thus different
conditions for local knowledge exchange and innovation (Calignano, Fitjar, and Kogler
2018; Giuliani 2011; Sammarra and Biggiero 2008).

Furthermore, these knowledge exchanges may take place through a wide range of
mechanisms. Some of the most frequently studied mechanisms include inter-firm colla-
boration on projects and products (Balland 2012; Schilling and Phelps 2007; Vicente,
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Balland, and Brossard 2011), observation and monitoring of other firms for inspiration
(Malmberg and Maskell 2002; Martin and Moodysson 2013; Trippl, Tödtling, and
Lengauer 2009), and labour mobility spreading tacit knowledge and information of
other firms’ activities and procedures (Almeida and Kogut 1999; Casper 2007; Fleming
and Frenken 2007; Kesidou and Romijn 2008; Power and Lundmark 2004; Timmermans
and Boschma 2014).

While inter-firm collaboration has been a frequent topic of research in this field,
relatively little is known about how such collaborations relate to other channels for knowl-
edge exchange. Inter-firm collaboration does not emerge spontaneously or as a result of
random encounters, but is more often than not purpose-built following careful searches
(Fitjar and Rodríguez-Pose 2017). There is an emerging literature on the formation of
collaboration networks, exploring e.g. how spatial, network and other types of distances
(Autant-Bernard et al. 2007; Broekel and Hartog 2013; Ter Wal 2014) affect the likelihood
of collaboration. However, these studies have mostly not considered the relationship
between collaboration patterns and other knowledge exchange linkages between the same
firms. Hence, the question of which firms choose to collaborate within clusters and, in
particular, how this relates to other relationships between the firms, is still underexplored.

Geographical, cognitive and other types of distances between the firms will surely
affect the prospects for knowledge exchange, regardless of whether this takes place
through collaboration, monitoring or labour mobility. In each of these dimensions,
firms will develop linkages based on their assessment of the relevance and importance
of the knowledge that the partner possesses, and on their knowledge of and familiarity
with potential partners. However, there may also be a more direct relationship between
the different knowledge exchange relationships.

If a firm can already learn from a potential partner through labour mobility linkages or
from monitoring, direct collaboration might be less important as the scope for additional
learning is limited. Although the different channels may be more or less useful for the
exchange of certain types of knowledge, there can also be overlaps in the knowledge which
is accessible through different channels. From a purely utilitarian perspective, one might
therefore expect a negative relationship between the different channels of knowledge
exchange. However, collaborative linkages are also socially embedded, and labour mobility
and monitoring might bring new information about potential collaboration partners. If
this is the case, a positive relationship between the channels would be expected.

In this paper, we examine these relationships using network data from 30 firms in an
industrial cluster, specifically the subsea industry in Rogaland, Norway. The study is
based on personal interviews with managers in the 30 firms, representing nearly the full
population of firms in the industry. The managers provided details on all firms within
and beyond the cluster with whom they collaborated. They also specified from which
firms they gained inspiration through monitoring, and from which firms they recruited
skilled labour. The paper analyses the networks of internal and external linkages created
by these knowledge exchanges. Subsequently, we analyse the relationship between the
three channels with the use of quadratic assignment procedure (QAP) regression, while
controlling for proximity between the firms in other dimensions. The analysis provides
strong support for the idea of a positive relationship between the various mechanisms of
knowledge exchange: Firms are significantly more likely to collaborate with firms from
which they recruit skilled labour or which they monitor for inspiration.
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In the following section, we further elaborate on the three mechanisms for knowledge
exchange: collaboration, monitoring and labour mobility, and present our hypotheses about
the relationships between them. In section 3, we introduce the case study and the method
used. Section 4 presents the results from the Social Network Analysis and the logistic QAP
regression. The final section concludes with a discussion of the results and their implications.

2. Mechanisms for knowledge exchange

Network ties between firms (e.g. between business partners, suppliers and customers)
and their employees (e.g. between family, friends and colleagues) link actors in multiple
dimensions and provide opportunities for the exchange of knowledge. Being embedded
in networks ‘shifts actors’ motivation away from the narrow pursuit of immediate
economic gains toward enrichment of relationships through trust and reciprocity’
(Uzzi 1996, 677). Because of this, ‘interfirm networks facilitate the creation of important
economic outcomes’ (Uzzi 1996, 677), such as innovation.

However, firms or individuals do not automatically exchange knowledge with other
actors with whom they are connected. The exchange of knowledge takes place through
specific mechanisms that allow for learning, i.e. where information is transferred from one
firm to another and enables a change of behaviour in the receiving firm. Such mechanisms
include formal relations between firms, such as collaboration on projects where each firm
provides certain knowledge inputs to solve a joint problem. However, they can also be
informal relations, where knowledge transfer from the sending firm is more unintentional
and takes the form of spillovers. Examples of this include recruitment of specialists, and
monitoring and observation of competitors’ activities (Trippl, Tödtling, and Lengauer
2009). These correspond to the three main mechanisms highlighted in Malmberg and
Power’s (2005) review of how firms in clusters exchange knowledge: inter-organisational
collaboration, observation/monitoring, and local labour mobility.

Firms’ embeddedness in such knowledge exchange networks varies. Some firms are
more technologically advanced or have specific competences that make them more
attractive to collaborate with, monitor and recruit from. Larger and more technologically
advanced firms tend to have more linkages than smaller firms (Giuliani and Bell 2005), as
maintaining linkages to other firms requires resources. Furthermore, networks tend to
take on their own dynamics. Firms that are central in the network attract more attention
and have more opportunities for knowledge exchange (Giuliani 2007; Tsai 2001). Firms
also tend to develop new linkages with partners that are close to them within the network
(Autant-Bernard et al. 2007; Ter Wal 2014).

The proximity between firms in other dimensions also affects the formation of linkages.
Cognitive proximity makes it easier to understand and apply the knowledge gained through
such linkages in the firm’s own activities (Nooteboom 2000; Boschma 2005; Balland,
Boschma, and Frenken 2015). Geographical proximity allows for frequent face-to-face con-
tact that helps the exchange of tacit knowledge (Katz 1994; Storper and Venables 2004).
Cultural proximity reduces the barriers to communication and helps the partners understand
each other due to common interpretations and routines (Knoben and Oerlemans 2006).
Besides these utility considerations, homophily is also a well-known attribute of social net-
works (McPherson, Smith-Lovin, and Cook 2001), leading to the selection of proximate
partners regardless of whether these offer the best opportunities for knowledge exchange.
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These dynamics create networks which become increasingly dense over time (Leskovec,
Kleinberg, and Faloutsos 2007). However, if the networks are too close and rigid, the
learning effects may disappear. When there are too few new insights and ideas, ‘the local
connectedness [. . .] may become so excessive that fundamental renewal is not on the
mindset and is even heavily contested by local network players’ (Boschma 2015, 11). This
leads to a risk of lock-in in the industry (Martin and Sunley 2006).

Previous studies have usually analysed particular mechanisms for knowledge
exchange, i.e. focusing typically on either collaboration or labour mobility. When differ-
ent mechanisms have been included in the same study, the question has often been
related to their relative importance for the exchange of knowledge (Kesidou and Romijn
2008; Malmberg and Power 2005; Trippl, Tödtling, and Lengauer 2009), or under which
circumstances each mechanism is used (Malmberg and Maskell 2002; Martin and
Moodysson 2013; Martin and Rypestøl 2018). However, few studies have looked at the
relationship between different knowledge exchange mechanisms, i.e. on whether
exchange through one mechanism can support or deter exchange through another.
The exception is a limited number of studies examining the link between labour mobility
and collaboration (Fleming and Frenken 2007).

2.1. Why and with whom do firms collaborate?

It is hard for firms to stay innovative and create new ideas in isolation. For most firms, it
is fruitful or even vital to connect to other actors to get access to new knowledge, and to
speed up the commercialisation of their new products and services (Chesbrough 2003).
Firms may collaborate to gain access to complementary technologies and knowledge,
speed up their innovation processes, or share and reduce the costs and risks deriving
from innovation (Trippl, Tödtling, and Lengauer 2009). They need to find collaboration
partners that will help them achieve this aim. Better understanding the process whereby
firms identify useful new partners is therefore of great interest for industry and policy
makers.

Firms may collaborate with different types of partners and for different reasons. They
may collaborate with customers to gain better understanding about future demand. They
may collaborate with suppliers to acquire knowledge about new materials, new technol-
ogies and production methods. They may also collaborate with competitors to combine
skills, share knowledge and be able to obtain scale economies (Ahuja 2000b).

Collaboration, especially between competitors, involves a risk of collaborating part-
ners acting opportunistically. This gives firms incentives to keep knowledge to them-
selves to ensure ownership rights and return on investments when creating new
knowledge (Boschma 2005). Because the benefits of collaboration might exceed these
risks, many firms nonetheless choose to collaborate. In these cases, trust and norms of
collaboration are important (Ahuja 2000b). Social and institutional proximity (Balland
2012) and meeting face-to-face may increase trust and can reduce the costs of commu-
nication (Bathelt and Turi 2011; Storper and Venables 2004). The decision to continue
collaborating with a partner will depend on the outcome and experience from current
collaboration. In dense networks, where several actors collaborate with each other,
information about firms acting opportunistically will soon reach other firms in the
network. This might prevent opportunistic behaviour (Ahuja, 2000a).
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Maintaining many collaboration linkages might be costly because relationships need
to be nurtured in order to stay effective (Laursen and Salter 2006). Firms will therefore
choose collaboration partners that will benefit them in both the short and long term.
Collaborations are mostly purpose-built and rarely emerge through random encounters
(Fitjar and Rodríguez-Pose 2017). However, firms may also have a limited search scope,
meaning they will mostly consider organisations and individuals who they know and
trust when selecting partners (Fitjar and Gjelsvik 2018). The decision on who to colla-
borate with is therefore based on utility considerations as well as social relations.

In either case, other linkages between the firms can be important in deciding to
collaborate. Firms must research potential partner firms before initiating collaboration.
Monitoring other firms and consulting with employees recruited from other firms can be
part of that information gathering process and therefore contribute to future collabora-
tion partnerships for the initiating partner. Other types of networks might also help firms
to make themselves more attractive to partners with which they wish to collaborate.
Furthermore, monitoring and labour mobility linkages create social connections across
firms which help to build trust and awareness of each other’s strengths and potentials.
This allows for deeper collaboration linkages to emerge.

2.2. Monitoring and collaboration

Monitoring is a way of getting information without directly engaging with other firms.
This information can be obtained from direct observation of other firms’ products and
processes, or second-hand through sources ranging from gossip to printed media
(Martin and Moodysson 2013). The information gained from monitoring is general
and unselected, and the cost of getting the information is low. In clusters, firms can
‘monitor each other constantly, closely, and almost without effort or cost’ (Malmberg and
Maskell 2002, 439). Temporary clusters, such as trade fairs, offer similar opportunities for
observing what other firms are up to (Bathelt and Gibson 2015). Unlike collaboration,
monitoring does not require trust between the firms for learning to happen (Malmberg
andMaskell 2002). However, firms need routines and a way of managing the information
from these monitoring activities for it to be useful (Morrison 2008).

Monitoring in clusters is typically linked to Porter’s (1990) ideas of rivalry between
competitors driving innovation. Competing firms may be more reluctant to collaborate
and therefore more likely to monitor each other to acquire new knowledge. Somewhat
paradoxically, cluster policy frequently ignores this aspect of Porter’s argument and aims
mainly at stimulating collaboration between competing firms. However, competing firms
do not need to interact directly in order to affect each other (Malmberg and Maskell
2002). Vertically in the supply-chain, firms need to interact through market relations. In
this context, it is more apparent that collaboration can be in their mutual interest, leading
to thicker relationships between suppliers and customers. However, monitoring (actual
or potential) suppliers and customers can also be useful. Through monitoring, firms can
get information on what suppliers of technology and materials can offer. Monitoring
their customers, they can prepare solutions to customers’ problems.

Through the process of monitoring, the firm will gain information to help identify
with which firms it might be useful to collaborate. Some firms may be in possession of
valuable resources or knowledge, which can only be accessed through collaboration. If
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the firm is only in need of knowledge about market trends, facts or a specific technology,
monitoring or market procurement might be sufficient. However, more complex pro-
blems with unknown solutions may require closer collaboration. Monitoring can provide
information about which partners can help to solve these problems. Of course, monitor-
ing will not always lead to collaboration. Firms may obtain the information that they
need through monitoring and thus have less of a need to collaborate. In some cases, for
instance between rival firms, collaboration may not be an option and monitoring may be
the only way to obtain information about the other firm’s activities. However, in cases
where collaboration is a viable strategy and where information is too complex or too well
hidden for monitoring to be sufficient for the firm to access it, monitoring may provide
a first step to identify partners with whom it would be useful to collaborate.

Hence, we hypothesise that:

H1: Firms which monitor each other will be more likely to collaborate.

2.3. Labour mobility and collaboration

Labour mobility is often regarded as one of the key mechanisms for knowledge diffusion
within (and between) regions and clusters. New employees bring their tacit knowledge
from the sending to the receiving firm (Casper 2007; Kaiser, Kongsted, and Rønde 2015;
Timmermans and Boschma 2014). They have acquired skills and experiences that may be
complementary to those of the firm’s current staff, thus enhancing the firm’s skill portfolio
(Boschma, Eriksson, and Lindgren 2009). This may broaden the firm’s search for new
technologies and give insights to new market opportunities (Angel 1991). Firms with
a higher replacement rate also have a higher propensity to collaborate with other firms
(Herstad and Ebersberger 2014, 224). While labour mobility is more common within the
same region and industry, inter-regional and inter-industry mobility may bring more
crucial knowledge inputs (Eriksson and Rodríguez-Pose 2017; Simonen and McCann
2008). Beyond carrying their experiences from past employers with them to future ones,
mobile employees also maintain social relationships from previous jobs (Agrawal,
Cockburn, and McHale 2006). Employees who move between firms can use these personal
ties to create new organisational ties. If employees keep in touch with former colleagues, it
can make it easier for the firm to establish collaboration with these firms.

Cantner and Graf (2006) find that the present network structures in R&D cooperation
are better explained by job mobility of scientists than by past cooperation. One reason for
this is that having worked together in the past creates trust between the actors. It also
allows employees to spot potential complementarities in skills and resources between the
organisations:

“People familiar with activities in two groups are more able than people confined within
either group to see how a belief or practice in one group could create value in the other and
to know how to translate the belief or practice into language digestible in the target group”
(Burt 2004, 355)

However, on the firm level, labour poaching might also harm trust and could potentially
make collaboration more difficult. The sending firm might not want to collaborate with
a firm that recruits their most valuable employees. Ex-employees who are versed in the
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firm’s way of doing business may be seen as a threat, causing them to avoid collaboration
to protect themselves from being exploited. When one of the firms in the potential
relationship knows more about the other firm than vice versa, it can make for an
unbalanced collaboration.

Previous studies have compared the benefits of knowledge exchange through colla-
boration and labour mobility for innovation (e.g. Kesidou and Romijn 2008; Simonen
and McCann 2008). However, few have looked at whether labour mobility is associated
with more or less collaboration between the same firms. An exception is Fleming and
Frenken (2007), who find that greater levels of labour mobility in Silicon Valley than in
Boston are associated with more inter-organisational collaboration in Silicon Valley,
leading to a more integrated inventor network. Similarly, Cantner and Graf (2006) find
that labour mobility of scientists can explain the cooperation network of inventors in
Jena. On this basis, we hypothesise that:

H2: Firms which recruit labour from each other will be more likely to collaborate.

3. Research design and method

3.1. The subsea industry in Rogaland1

In order to explore the interplay between the three channels of knowledge exchange, we
conduct a case study of the subsea industry in Rogaland, Norway. The Rogaland subsea
industry cluster is highly innovative and is built on intensive supplier-customer colla-
boration, creating a lot of interactions among the firms. It is an important supplier of
goods and services to the Norwegian and international oil and gas industry, which has
contributed to making it easier, safer and more profitable to extract oil and gas from deep
seas.

Rogaland’s largest city Stavanger is the main hub of the Norwegian oil industry. The
Petroleum Directorate and the state-owned oil company Equinor (previously Statoil)
have their headquarters in the region, as do most other multinational oil companies
operating on the Norwegian Continental Shelf. This includes a large and increasingly
internationally oriented supplier industry providing products and services to the petro-
leum industry, employing 15 % of the labour force in the Stavanger region in 2013
(Rystad Energy 2013). The subsea sector is one such supplier industry, focusing specifi-
cally on the supply and maintenance of subsea equipment or services.

Subsea firms supply equipment and/or related services to be used between seabed and
surface during offshore oil production. The industry has an internal value chain, includ-
ing subcontractors, suppliers and customers. These firms collaborate and compete in
developing products or services for oil extraction companies. Norway has a strong
position in the global subsea industry and produces world-leading technology. The
subsea firms in Rogaland operate in a wide range of activities within the industry.
Some are local workshops producing smaller parts, such as screws and pipes. Others
are high-technology companies providing advanced technological solutions and employ-
ing only highly skilled personnel. In addition, there are companies that tailor products
and services to customer needs, instal subsea equipment, or provide vessels with remotely

1For more descriptive analysis of this case, see Hjertvikrem and Fitjar (2018).
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operated vehicles and other subsea equipment (Blomgren et al. 2015). If we consider the
entire oil and gas value chain, several of the firms in the subsea industry are at the same
horizontal level. However, they often specialise in a specific product or service which
complements products or services offered by their competitors. This creates a need for
collaboration in supplying final products to the oil extraction companies. When procur-
ing, the latter furthermore often require that their suppliers include specific components
or inputs from other companies as part of their solution. For different tenders, the firms
can therefore take different positions in the value chain – at different times competing
with, supplying to, or buying from any of the other firms in the cluster. The industry
includes a combination of MNEs, local start-ups and established local companies that
have moved into the subsea market by adapting their products and services (Reve and
Sasson 2012).

We identify companies active in the Rogaland subsea industry from the Norce
population database for the petroleum sector (Blomgren et al. 2015).2 As of
January 2015, when data collection started, there were 54 subsea firms registered in
Rogaland. This included head offices as well as subsidiaries. Excluding duplicates and
limiting the sample to firms with more than four employees, we identified 31 distinct
entities with active operations in Rogaland.We conducted face-to-face interviews with 30
of these firms, while one firm could not be reached. The response rate is therefore 96.8%.
The firms were interviewed between January and March 2015.

All firms interviewed are located in Rogaland. Twenty-one of the firms are located in
the region’s urban core around Stavanger, while 6 firms are located in Haugesund
(1.5 hours north of Stavanger) and 3 firms located in smaller towns 0.5–1 hour south
of Stavanger. Table 1 provides further information about the firms, including their age,
size, headquarter location, the share of employees with higher education, and innovation
output. On average, the firms located in the Stavanger area have a higher share of
university-educated employees. The industry is highly innovative. Overall, 25 out of 30
firms report product innovations within the last three years and 19 of these report new-to
-market innovations.

3.2. Method

We conducted face-to-face interviews with managers (either CEO or R&D manager) in
each firm at their offices, using a structured questionnaire. Each interview lasted around

Table 1. Descriptive data on the sample (Hjertvikrem and Fitjar 2018).

Age
Employment

size Main office
Share employees with higher

education
Product

innovation
New-to-market
innovation

Years n n Location n Percentage n n n

< 5
5–10
10 – 20
20–30
> 30

5
9
4
5
7

< 50
50–250
> 250

8
15
7

Regional
Norway
Europe
USA

13
6
8
3

> 90:
70–90:
50–70:
30–50:
< 30:

6
0
7
3
14

Yes
No

25
5

Yes
No

19
11

2The Norce petroleum population database lists all corporations operating in an oil and gas-related industry and provides
details on the specific industry in which they are active. The subsea industry is one of these industries.
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45 minutes. A large part of the interview was devoted to tracking the knowledge exchange
activities of the firm. Respondents reported with which other firms they collaborated,
which firms they monitored for inspiration, and from whom they recruited skilled
labour. On the basis of these responses, we create knowledge exchange networks for
each channel, using social network analysis. Below, we first present network graphs and
describe the characteristics of the different networks using social network analysis tools.
Subsequently, we use quadratic assignment procedure (QAP) regression to examine the
relationship between the collaboration, monitoring and recruitment networks.

3.3. Social network analysis

Social Network Analysis (SNA) has emerged as a set of methods for analysing the
relationships between social entities, as well as the patterns and consequences of
these relationships (Marin and Wellman 2011; Prell 2012). It is therefore a suitable
method when conceptualising interactions and knowledge flows between companies
within a region (Ter Wal and Boschma 2009). To map the networks, we used the
roster recall method. We presented each respondent with a list of all other firms in
the population, as well as relevant firms and organisations (e.g. subsea firms in other
regions, oil extraction companies, oil suppliers outside subsea, universities) outside
the core population. In addition, respondents were asked to add any other relevant
firms or organisations beyond the list. This is a preferred method for populations
with less than 100 actors (Giuliani and Pietrobelli 2016) to ensure that the complete
network will be identified (Prell 2012). While firms could (and did) report knowl-
edge exchange partners within or outside the Rogaland subsea industry, we focus on
linkages within the industry in this analysis. Within this group, we have interviewed
all nodes in the network and have full knowledge of all linkages between the firms.
For an analysis of collaborative linkages with firms outside the cluster, see
Hjertvikrem and Fitjar (2018).

We adopt a broad definition of ‘collaboration’, including exchanges based on transac-
tional relations leading to diffusion, transfer or co-evolution of knowledge. The colla-
boration network is symmetrised because collaboration is a mutual knowledge exchange
activity. Hence, if A collaborates with B, then B must also collaborate with A. Using the
roster recall method ensures ‘that respondents are less subject to recall error’ (Borgatti,
Everett, and Johnson 2013, 47). In the vast majority of cases, both firms reported
collaboration: Only 6 collaboration linkages were indicated by only one of the firms
involved. In these cases, we coded collaboration as present. The results do not differ
substantially if the analyses are conducted on non-symmetrised networks.

For monitoring, we asked which actors the firm monitors to find inspiration for
innovation activities. For recruitment, we asked from where the firm recruits skilled
labour to increase its innovation ability and competiveness. We focus on skilled labour
rather than general recruitment as skilled workers offer more potential for knowledge
exchange and will likely also have more influence on strategic decisions such as the
establishment of new collaborative linkages. The recruitment network and the monitor-
ing network are directed. Hence, if A monitors or recruits from B, this does not imply
that B monitors or recruits from A.

INDUSTRY AND INNOVATION 9



3.4. Quadratic assignment procedure regression

Network data violates the assumption of ordinary least squares regression that the
observations are independent, as the interdependence of observations is at the heart of
social network analysis. Using ordinary regression methods in such a context will under-
estimate standard errors and therefore exaggerate p-values. Quadratic assignment pro-
cedure (QAP) compensates for this by using permutations to estimate the standard errors
and p-values (see Broekel et al. 2014). We examine collaboration linkages between the
firms as a function of monitoring and recruitment linkages between the same firms.3

The regression model takes the following form:

Logit Collaborationij
� � ¼ αþ β1Monitoringij þ β2Recruitmentij þ β3Controlsij þ ε

This model is a logistic Quadratic Assignment Procedure (QAP) model, where the
dependent variable is collaboration. The unit of analysis is the linkage between two
firms i and j, which is coded as 1 if the two firms collaborate and 0 otherwise. The
independent variables of interest are monitoring and recruitment, which is 1 if either of
the firms have recruited from (monitored) the other firm, and 0 otherwise. Since the
dependent variable is symmetric, we have also symmetrised the monitoring and recruit-
ment variables for this analysis. Hence, we analyse collaboration between i and j as
a function of either of the firms monitoring or recruiting from the other firm. This
approach is agnostic to which of the firms has initiated the collaboration, and examines
simply if collaboration is more or less likely if at least one of the firms already monitors or
recruits from the other.

We control for characteristics which could affect the firms’ positions in all three
networks: Their size, R&D expenditures, and share of university-educated employees.
As the units in QAP regression are linkages, the control variables are computed at the
level of the linkage. For these variables, we use the sum for the two nodes making up the
linkage. Larger and more technologically sophisticated firms are likely to occupy more
central positions in all knowledge exchange networks, regardless of the mode of knowl-
edge exchange. Larger firms will have the capacity to collaborate with a greater number of
other firms and will also attract more attention as a source of inspiration and skilled
labour. Firms with larger knowledge resources, as measured by their R&D expenditure
and human capital stock, will also be more attractive as knowledge exchange partners,
regardless of the channel of knowledge exchange.

In addition, we control for linkage characteristics that could affect the likelihood of
collaboration: Geographical, cognitive, and cultural distance. Geographical distance is
the travel distance in kilometres between the two firms. Cognitive distance is a dummy
with a value of 1 if the two firms are in different industries at the NACE 5-digit level, and
0 otherwise. We address two different dimensions of cultural distance: First, the variable
MNE is a dummy with a value of 1 if both firms are multinationals or if neither is
a multinational, and 0 if the firms have different ownership characteristics. This measures

3We use regression analysis in order to control for other characteristics of the firms and isolate the correlations between
the knowledge exchange channels. The use of collaboration as the dependent and monitoring and recruitment as the
independent variables in these analyses do not imply that we expect a particular direction of causality in these
relationships. Knowledge exchanges through different channels are by nature simultaneous processes where causation
is likely to go both ways. Hence, we use this analysis simply to determine correlation between the networks and to
reduce the risk of spurious correlations.
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whether collaborations tend to occur between similar or different types of organisations.
Second, the variable engineers measures the difference between the two firms in the share
of engineers in the total workforce. This captures the two main different types of firms in
the cluster: engineering firms and workshops, which can have different organisational
cultures.

4. Results: social network analysis

Figure 1 shows the network graph for collaboration linkages between the 30 firms in the
Rogaland subsea industry. The firms share a total of 214 collaborative linkages. This
implies that each firm on average collaborates with more than 7 other firms. The density
of the network is 0.25, which means that a quarter of the possible ties in the network are
present. This is a very high level of density for a network of this size, indicating that the
network is well-integrated and the firms in the subsea industry collaborate widely.
Indeed, the graph shows that all firms are integrated in the network and most are
connected to several other firms.

Figure 2 shows the network graph for monitoring linkages. There are in total 123
linkages within the network. On average, each firm monitors 4.1 other firms. This means
that 14 % (density = 0.14) of the possible linkages in the network are present. Hence,
firms tend to monitor each other to a lesser extent than they collaborate. In this case,
there are some isolates in the network. These do not monitor any other firms, and no
firms monitor them. Furthermore, some firms clearly attract more attention as sources of
inspiration.

Figure 3 shows the network graph for recruitment linkages. The network has a total of
64 links within the network, making it the least dense of the three networks. On average,
each firm considers 2.1 other firms in the subsea cluster as important sources for

Figure 1. Collaboration network. Nodes represent firms and edges represent collaboration. Node size
indicates number of employees. Darker blue indicates share of employees with higher education.
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recruiting skilled labour. The density of the network is 0.07, which means that 7 % of
possible ties in the network are present. In this case, there are several isolates and the
network is less well integrated.

Figure 2. Monitoring network. Nodes represent firms and edges represent collaboration. Node size
indicates number of employees. Dark blue indicates share of employees with higher education. The
edges are directed, with arrows towards the firm being monitored.

Figure 3. Recruitment network. Nodes represent firms and edges represent collaboration. Node size
indicates number of employees. Dark blue indicates share of employees with higher education. The
edges are directed, with arrows towards the firm considered important sources for recruitment of
skilled labour.
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5. Results: are monitoring and recruitment associated with more
collaboration?

Table 2 shows the correlations between companies’ in-degree scores in the various
networks to examine whether the same firms tend to be central in each network. There
are high correlations between all three networks when it comes to in-degree centrality,
indicating that the same firms tend to have many linkages regardless of knowledge
exchange mechanism. There is a correlation of 0.71 between the firms being most central
in the collaboration and monitoring networks, a correlation of 0.73 between the mon-
itoring and recruitment networks, and a correlation of 0.62 between the collaboration
and recruitment networks.

Moving from the level of individual firms to the dyad level, Table 3 shows the QAP
correlations between the linkages in the networks.4 The correlation between the colla-
boration and monitoring networks is 0.5 and positive. The recruitment network has
a correlation of 0.25 with each of the other networks. The correlations are not as strong at
the dyad as at the firm level, but there is still a clear pattern indicating that linkages
between firms in one network are associated with the presence of linkages also in the
other knowledge networks. This is particularly the case between the monitoring and
collaboration networks.

These correlations between the different networks suggest that the networks are
related to each other. This pattern might reflect knowledge exchange in one channel
facilitating exchange also using the other channels. However, it might also result
from larger and more technologically sophisticated firms simply being more attrac-
tive knowledge exchange partners regardless of the transmission channel, or from
firms seeking proximate partners regardless of the channel. In the QAP regression,
we take this into account by controlling for firm size and technological level.

Table 4 shows the results of the QAP regression. Model 1 shows the results for
regressing collaboration on monitoring and recruitment only. Model 2 adds the control
variables. Both the independent variables of interest, monitoring and recruitment, are
positive and highly significant, with monitoring having the strongest effects. The coeffi-
cients do not change much when control variables are introduced. When at least one firm

Table 2. Correlation between in-degree centrality measures.
In-degree correlation (N = 30) Monitoring Recruitment

Collaboration 0.71 0.62
Monitoring 0.73

Table 3. QAP correlation between linkages in the knowledge
networks.
Subsea links (N = 870) Monitoring Recruitment

Collaboration 0.50 0.25
Monitoring 0.25

4The number of possible links in a symmetric network of 30 nodes is 30 * 30–30 = 870.
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monitors the other, the odds of collaboration between the two firms increase six times
(e1.853 = 6.4). When at least one firm views the other as important for recruiting skilled
labour, the odds of collaboration are doubled (e0.765 = 2.1).

Among the control variables, larger firms tend to collaborate more. However,
technological sophistication does not seem to attract collaboration, as R&D expendi-
ture has no significant effect on collaboration. Meanwhile, the share of workers with
tertiary education has a significant negative effect on the likelihood of collaboration.
Geographical distance between the firms significantly reduces the likelihood of colla-
boration. On the other hand, cognitive distance, measured as being in different
industries, has a significant positive effect on collaboration. At face value, this could
be considered surprising. However, the firms are all operating in the same cluster,
with low cognitive distances between them. Firms in different industries are less likely
to be direct competitors, making collaboration a more viable strategy. Finally, none of
the variables capturing cultural distance significantly affects the likelihood of colla-
boration. Again, this may be an effect of all firms operating in the same fairly
homogeneous region and industry, meaning that the cultural distances are in any
case rather small.

6. Discussion and conclusion

This paper has examined knowledge exchange in the Rogaland subsea industry through
collaboration, monitoring and recruitment. The industry is highly innovative and has
a dense network of knowledge exchange through various mechanisms. In particular, the
collaboration network is very dense, with each firm collaborating with more than 7 of the
30 firms which make up the industry. However, the firms also monitor several other

Table 4. Results from the QAP regression analysis.
(Model 1) (Model 2)

Monitoring 1.874*** 1.853***
(0.186) (0.194)

Recruitment 0.787*** 0.768***
(0.237) (0.260)

Firm size (sum) 0.119**
(0.055)

% educated (sum) −0.947***
(0.387)

R&D exp. (sum) 0.410
(1.123)

Geographical distance (km) −0.080***
(0.026)

Cognitive distance 0.672**
(0.292)

Cultural distance: MNE (dummy) −0.018
(0.198)

Cultural distance: Engineers (diff) 0.410
(1.123)

Constant −1.871*** −2.646***
(0.115) (0.715)

Observations 870 870
Pseudo R2 0.159 0.190

Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1
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subsea firms for inspiration and tend to consider various other firms in the industry as
important sources of skilled labour.

The question of interest is whether collaboration between two firms is associated with
monitoring and recruitment between the same firms. The pairwise correlation between each
of the networks is positive. The regression analysis controlling for firm size and other
characteristics confirms that this is not simply because large or R&D intensive firms are
central in all the networks. It is also not explained by the geographical, cognitive or cultural
proximity between the firms. Although geographical and cognitive proximity have an impact
on the likelihood of collaboration, they do not reduce the impact of knowledge exchange in
other dimensions. Beyond the observable characteristics of the firms, collaboration tends to
happen more frequently between firms which also monitor or recruit from each other.

No previous studies have examined the relationship between knowledge exchange
using collaboration, monitoring and labour mobility with social network analysis
methods. The few studies that have considered these jointly have tended to analyse
them as alternative channels for knowledge spillovers in clusters, and have accordingly
compared their prevalence or their relative effects on innovation outcomes (Kesidou
and Romijn 2008; Malmberg and Maskell 2002; Malmberg and Power 2005; Martin and
Moodysson 2013; Martin and Rypestøl 2018; Trippl, Tödtling, and Lengauer 2009).
However, this analysis shows that the different mechanisms for knowledge exchange
need not be considered as alternatives. Rather, firms that monitor and/or recruit from
each other also tend to engage in more active and reciprocal collaboration. This could
be taken as an indication that different types of knowledge are exchanged using the
different linkages, hence knowledge exchange through one channel does not render the
others obsolete.

It also reflects that collaboration linkages are embedded in social and other relation-
ships between firms. Through monitoring, firms become aware of the strengths and
potentials of other firms. They may also develop connections with individuals within
those firms, which they can later mobilise to establish deeper collaboration linkages.
Furthermore, mobility of skilled labour across firms within the cluster creates a network
of former colleagues across different organisations, who can spot complementarities
across the firms and use their connections to develop collaboration agreements
(Fleming and Frenken 2007).

It remains an open question whether this overlap of knowledge exchange mechanisms
has a positive or negative effect on innovation and productivity in the cluster. The density
of the network allows for knowledge to flow quickly across the different firms in the
industry. However, the close network could also increase the risk of lock-in in this
industry. Even more so, when taking into account that the same relations are repeated
across all the different channels. The analysis presented in this paper contributes to the
identification of these repeated linkages across the different knowledge exchange net-
works, which previous studies of clusters have rarely done.

This implies that policy-makers looking to promote collaboration between firms in
clusters also need to take into account other relationships between the firms.
Geographical and technological proximity are in themselves not sufficient for collabora-
tion to emerge, as other studies have highlighted (e.g. Boschma 2005). Collaborative
linkages are embedded in other relationships between the firms. More effort would thus
be required to foster collaboration between firms with no prior linkages. Conversely,
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firms that already monitor and recruit from each other may be in a position to start
collaborating whenever they want, with little or no policy stimulus required. In clusters
where firms frequently exchange knowledge using all the various mechanisms, such as
this one, firms might need more help in looking for new partners outside the cluster in
order to escape lock-in. Cluster policies which promote collaboration within the cluster
might simply add a further knowledge exchange mechanism between firms that already
exchange knowledge through various other channels.
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