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Abstract

New product development innovation rarely, if ever, occurs through the ideas and actions of
isolated individuals. It invariably requires collaboration between people with a range of skills,
knowledge, contacts and experience. Initiating and developing collaboration can be
challenging for SMEs, not least science-based ones, who are often unreceptive to knowledge
sharing because of lack of trust, internal conflicts, motivation issues, limited resources and
the absence of sharing mechanisms. We contend that communities of practice are a vehicle
for networking and collaboration. Our findings contradict suggestions in the extant literature
that lack of trust inhibits knowledge sharing and collaboration in SMEs. Indeed, our findings
demonstrate that regular mutual engagement and the sharing of expertise internally with
colleagues and externally with customers and suppliers, led to the emergence of a variety of
trust-based communities of practice in the science-based SMEs, improving their ability to

acquire new knowledge that influenced innovation and new product development.
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1. Introduction

Successful innovation is reliant on the identification, cultivation and maintenance of
effective relationships between different actors in the global value-chain (van Dik &
Trienekens 2012). Addressing weaknesses in networking and collaboration capability is
increasingly important for small and medium sized enterprises (SMEs) (Gronum et al., 2012).
These enterprises rely on the support of their networks, including communities of practice
(CoPs) (Lave & Wenger, 1991), to access new opportunities, obtain new knowledge, learn
from experiences, and benefit from the synergistic effect of pooled resources (Chetty &
Blankenburg Holm 2000). Indeed, it is claimed that CoBystheir nature, provide a helpful
antidote to network failurés(Autio et al., 2008, p. 62). However, collaboration between
various actors can be particularly challenging for science-based Sihies, are typically
very secretive about their processes and who operate within a culture of customer
confidentiality (Bagchi 2010). CoPs are more tightly-knit than other networks (Brown &
Duguid 2002) and potentially offer science-based Skligans to improve their networking
potential and therefore ability to innovate. The role of CoPs in science-based SMEs has not
been the subject of detailed empirical research (Pattinson & Preece 2014), and given the
importance of supporting innovation and SME competitiveness this lacuna is worthy of

further investigation.

This research is part of a larger project on CoPs and innovation. The focus of this
paper is to explore how CoPs might help SMEs address any deficiencies in their networking
and collaboration with external partners, and thus facilitate improved knowledge acquisition
and innovation, important in new product development (Miettinen et al.,).2088g CoPs
as a theoretical lens has shaped how we have conceptualized innovation and the research
guestions posedCoP theory has been criticized as a somewhat vague and poorly defined

concept (Assimakopoulos 2007). However, we posit that rather than being considered vague,



CoPs should be viewed as a flexible construct for examining the complex and informal intra
and inter-organizational relationships that emerge in science-based SMEs, and that are a key
element of the innovation processes of such firms. Our study aimed to gain a deeper
understanding of how SMEs acquire new knowledge and generate innovations that lead to the
development of new products through the construction of C®Re. specific research

guestions were

1. How is knowledge acquired in science-based CoPs
2. How does the knowledge acquired in science-based CoPs influence innovation

and new product development?

Three main forms of intra-organizational CoPs were identified in the literature:
apprentice-based, cultivated, and managadd these are outlined and discussed .later
Drawing on our fieldwork and the organizational networking and CoPs literature, we
identified a fourth form of CoP, which we have labellater-organizationalOur paper
makes a contribution to understanding of CoPs as an enabler of both internally and externally
oriented knowledge-related capabilities, which few studies have considered (Maes & Sels
2013), and how such capability-based knowledge improves knowledge acquisition and
innovation. Our findings contradict suggestions in the extant literature that lack of trust
inhibits knowledge sharing and collaboration in SMEs. Indeed, our findings demonstrate that
regular mutual engagement and the sharing of expertise internally with colleagues and
externally with customers and suppliers, led to the emergence of a variety of trust-based CoPs
in the science-based SMEs, improving their ability to acquire new knowledge that influenced

innovation and new product development.

The rest of the paper is structured as follows: we begin by defining science-based

business, we then outline and discuss our theoretical framework, followed by the research



methodology and our findings and discussion. Our conclusion outlines the contribution of the

paper, its limitations, and areas for further study.

2. Defining science-based business

A science-based business has been defined as a commercial organizatiarciats
not only to use existing science but also to advance scientific knowledge and capture the
commercial value of th knowledge it creates’ (Pisano 2006, p. 2). This definition
differentiates science-based business frpane’ research and development activity that may
value R&D activity as an end in itself, and encompasses the key elements of science,
business and innovation that are central to this paper. Science-based businesses need to
leverage collective wisdom to generate innovation for economic advantage (Von Hippell,
1987) but experience the challenge of integrating diverse scientific disciplines. Sharing
experiences over a sustained time frame is, therefore, essential to the success of science-
based businesses involved in innovation.

During early periods of growth, science-based organizations are reliant on strong
personal relationships that entrepreneurs form with external partners, such as universities,
research laboratories and other science-based firms (Andersen & Jack 2002; Lee et al., 2001).
Strategic action, i.e. success in contexts where the acts of other people have to be taken into
account in addition to the demands of the physical world, is probably most applicable to
entrepreneurial individualwho have to activate social networks and physical resources in
order to carry out a ventu@iellstrom 2004). Lechner and Dowling (2003) point to these
networks as the ‘basic building blocks’ of firms’ knowledge, innovation and technology
relationships leading to commercial success. Science-based innovations can take considerable
time to yield commercial products, as in the pharmaceutical industry, in which a typical R&D
process lasts up to 13 years. Accordingly, some firms have been seeking to adopt more

collaborative approaches to help them to strike a balance between radical innovation



(represented by R&D activity) and the commercialization of their innovations, i.e.
incremental innovation (Gassmann & Reepmeyer 2005). Incremental innovation refers to
smallsale changes that take place regularly (Rothwell & Gardiner 1985). Radical innovation

refers to the commercialization of major advances (Tidd & Bessant 2009).

In the next section we discuss the theoretical framework of communities of practice.

3. Theoretical framework: communities of practice

A community of practice is a group of people, who share a concern, set of problems, or
passion for a topic, and who deepen their knowledge and expertise by interacting on an
ongoing basis (Wenger et al., 2002). It has been suggested that CoPs help underpin the
conversion and connection of knowledge exchanges between networks (Tidd & Bessant
2009).Learning is seen as the, ‘the primary way to engage with others in an ongoing practice,
it is what enables actors to modify their relations to others while contributing to the shared
activity’ (Gherardi et al., 1998, p. 276). It has further been suggested thatc@oPs an
effective way to capture and share tacit knowledge, as well as to leverage the social capital
necessary for innovation (Allee 2000; Landry et al., 2002; Lesser & Prusak 1999; Wenger
1998, Wenger 2000¥ocial capital relies on a social network of relationships, and is summed
up by Field (2008, p) in two words: ‘relationships matter’. Connections, developed over
time, enable individuals to work together to achieve things they could not achieve in
isolation, or that could only be achieved alone with great difficulty or at an extra cost

(Nahapiet and Ghoshal 1998).

CoPs reinforce a strong sense of identity fit (Thatcher 2001) amongst members, who
understand the importancé focal individual$ identities: they share common goals, values
and norms that reflect trust and commitment (Lesser & Storck 2001). In their work on user-

led innovation, for example, Franke and Shah (2002) studied patterns of user-led sharing of



innovation in four communities of serious sports enthusiasts. Innovators in these user-led
communities operated on the basis‘géneralized exchange’ which they explain: ‘is not
conditional, [and] there is an expectation that if a community member provides assistance
today, someone elseill provide him with assistance when he needs it’ (ibid, p.173). They
observed that members shared their innovations freely within their respective community.
Users rather than manufacturers were considered to be responsible for most innovations and

that these users could be considered to be a metaphor for emergent inter-organizational CoPs.

The contribution of CoPs to innovation has been identified as arising through a
variety of means, including the elicitation of tacit knowledge (Bertels et al., 2011),r8agpo
knowledge sharing (Hayes & Fitzgerald 2009), and improving organizational learning (Autio
et al., 2008). By tacit knowledge we mean knowledge that is personal, experiential, context-
specific and hard to formalize and communicate, for example, how to ride a bicycle (Tidd &
Bessant 2009, 543). An obstacle to knowledge transfer can be misunderstanding between
different functional specialists; this can lead to conflict which stifles any willingness to be

open, participative, ani share knowledge- creating functional silos (Ellegaard, 2012).

Trust plays a significant part in providing the necessary conditions for knowledge
sharing (Scarbrough et al., 1999). It is an ambiguous term and has a variety of definitions (Li
et al., 2012). In this paper, trust refers to reassurances of knowledge/expertise/know-how that
relies on information rather than deterrence (Lewicki & Bunker 1996). Trust and reciprocity
facilitate organizational learning, thus lowering the transaction costs involved in knowledge
exchanges (Dyer & Singh 1998). At an organizational level, trust is a key element of social
capital (Fukuyama 1995; Granovetter 1985; Putnam 2000) and of CoPs (Lesser & Prusak
1999; Probst & Borzillo 2008; Wenger 1991; Wenger et al., 2002). Additionally, Fuglsang
and Jagd (2015) argue that various actors who engage in (robust, local) sensemaking

activities are better able to replicate such institutional-based trust, particularly in situations
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when institutions are relatively unstable, unfamiliar to the actors and ambiguous. Reciprocity
IS an important expectation of community participation, and members of a CoP know that

their contribution will be honoured in some form of future benefit (Wenger et al., 2002).

On the other hand, Meeus and Oerlemans (2000) comment that the often limited
resource base available to small firms does not negatively impact on innovativeness, and
argue that they are able to develop adaptive behaviour conducive to innovative performance.
This suggests that lack of trust rather than resources is a more likely barrier to innovation
through collaboration. Trust promotes cooperation (La Porta et al., 1997), but presents
particular difficulties for SMEs in that a lack of trust can be an issue in networks such as

CoPs which tend to be formulated as informal rather than formal agreements (Braun 2006).

Below, we outline and discuss four main formulations of CoPs which we have
garnered from diverse literaturgg) the original, apprentice-based, one of Lave and Wenger
(1991); (2) cultivated; (3) managed; (4) inter-organizational. The first three all have an

internal/intra-organizational focus, whereas (4) has an external/inter-organizational focus.

3.1 Apprentice-based CoPs

Initial CoP research (Lave & Wenger 1991) focused on the way people learn, and
contributed to an important argument in learning theory: the notion that learning is socially
situated, the product of the activity, context, and culture and language in whgh it
developed and used (Botha et al., 2008; Brown & Duguid 1991; Hamiltor).2GE and
Wenger (1991) observed how over time apprentices joining a community moved from an
initial position of‘legitimate peripheral participatidinto a community of practice. Through
participation in peripheral activities that occur at the outer edge of CoPs, the apprentice
gradually moves from the position as a ‘newcomer’ to become a full participant as an ‘old

timer’, from the periphery to the core (Borzillo, et al., 2011). However, Harris and Sheswe



(2005) consider ‘legitimate conflicts’ that occur when legitimacy of a participant is
challenged by other members, can have both positive and negative effect on CoP

development, sometimes resulting in individuals withdrawing from the community.

Hsiaoet al., (2006) support the view that the situated learning occurring in CoPs is

important for innovation, noting that ‘capability-based knowledge’ (i.e. knowledge generated

from practitioners’ work activities) is acquired through the process of ‘learning by doing’,

which CoPs support. Similarly, Sense and Clements (2006) refer toaC@itgated learning
opportunities’ which contribute to learning and innovation. Also, Chen and Tseng (2011)

posit that situated learning is essential for innovation, and CoP membership enables effective
knowledge transfer by providing access to other local ‘experts’. Anand et al., (2007) concur

that CoPs support learning and knowletdgsed innovation, and note that the role of ‘key

actors’ in embedding CoPs within organizations is often downplayed in the literature.

Amin and Roberts (2008), on the other hand, warn that some differentiation is
required between the varieties of ‘knowing in action’ that COPs represent in relation to
Wenger’s original notion of situated learning, suggesting that use of the term ‘community of
practice’ has become imprecise within the extant literature and is now being applied to,

‘social practices of all kinds in all sorts of collaborative setting and all manner of learning and
knowledge outcomes are becoming folded together into one undifferentiated form’ (Amin

and Roberts, 2008, p. 355). In their opinion such homogenisation and of the term, in relation
to the varieties of ‘knowing in action’, is unhelpful and glosses over the varieties of situated
practice that exist. They propose that, if an umbrella term is to be retained, it Sbcapldre

the generic form of learning/ knowing in action or practice, but then stimulate effort to name

its various fems with clarity and precision’ (p. 355).



CoP theory has subsequently been adapted by knowledge management theorists and
used to highlight its value in relation to increasing firms’ absorptive capacity, i.e. the ability
to recognize the value of new, external information, assimilate it, and apply it to commercial
advantage (Cohen & Levinthal 1990). External knowledge is increasingly seen as a critical
element of successful innovation (Brunswicker & Vanhaverbeke 2014). Nevertheless, it has
been suggested that apprentice-based CoPs fail to acknowledge that in complex, knowledge
intensive industries (such as ICT) innovation usually occurs across, rather than within
organizational boundaries (Carayannis & Alexander 1999). Amin and Roberts (2008)
challenge the view that the value of face to face, or localized, interactions are anytdiffere
from thoseformed at a distance. They identify that: ‘efforts to innovate involving interactions
between CoPs give rise to greater diversity and, therefore, a wider range of possible outcomes

than innovation within a single community of practi¢id, p.360).

More recent treatments (for example, McDermott & Archibald 2010) have moved
away from an emergent, apprentice-based view of CoPs, suggesting they can and should be
managed with;specific goals, explicit accountability, and clear executive oversight’ (ibid, p.

84). The governance of CoPs is a disputed area within the literature, the main arguments
revolving around whether they can be managed for strategic purpose or cultivated, or whether

they are a fundamentally emergent phenomenon (Pattinson & Preece 2014).

3.2 Cultivated CoPs

Wengeret al., (2002) outline four types of community of practice that organizations
can cultivate for strategic intent: (I)elping communities’ are focused on solving everyday
problems; (2) ‘best-practice communities’ are focused on developing, validating and
disseminating specific practices; (Xnowledge-stewarding communities’ are focused on

organizing, upgrading and distributing knowledge that members use every day: (4)
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‘innovation communities’ are focused on fostering unexpected ideas and innovations (ibid, p.
76). Cross and Prusak (2002) also identify four common role-players in the CoP cultivation
process: ‘central connectors’, ‘boundary spanners’, ‘information brokers’ and ‘peripheral

specialists’.

It should be noted that SMEs may have a limited number of boundary-spanning
opportunities available to them (Sawyetral., 2003) because they lack critical mass in terms
of size and number of employees, and therefore find it difficult to cultivate CoPs. Saint-Onge
and Wallace (2003) suggest that organizations need to develop a shared sense of purpose and
ownership of CoPs based on mutual trust. This might be difficult for SMEs, who can be
secretive about their processes and often operate within a climatecustomer
confidentiality, making knowledge sharing difficult because of a lack of trust (Bagchi,
2010). Loyarte and Rivera (2007) argue that CoPs are closely linked to the personal, intrinsic
motivation of members, and are therefore largely outside the (potential) control of the
organization. According to Dewhurst and Cegarra Navarro (2004), SMEs are often risk
averse and focus on the ‘traditional’ aspects of COPs, such as lunch meetings/ discussions and
other informal activities, thus undervaluing the innovation potential of a more focused

approach, for example providing time f©oP participation or trainingCoP leaders.

As SMEs possess fewer resources than larger firms (Todtling 2001), they might
compensate for their lack of resources by utilizing networks (Partanen et al., 2008) such as
CoPs, to support knowledge acquisition and innovation. This potentially benefits them
because both cost and risk are minimized and the value-added to the organization is high (Du
Plessis, 2008). However, can SMEs spare the resources, time and distraction from routine

decision-making required for cultivating CoPs? (Roberts 2006).
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3.3 Managed CoPs

McDermott and Archibald (2010) argue for a managerial approach to CoP
governance, claiming that CoRsjuire ‘real’ structure, rather than being independent and
self-organizing. They identify fouiprinciples (ibid, p. 85) for the design and integration of
effective communities: (1) focus on issues important to the organization - sustainable CoPs
tackle problems defined by senior management; (2) establish community goals and
deliverables - formal goals/deliverables eneegCoPs and provide focus; (3) provide
governance - to be integrated into the organization, CoPs need formal relationships with top
leadership; (4) set high management expectatiorthese have a strong influence on
community success and senior management should therefore engage with CoPs. However,
their work fails to consider whether structure, discretion and empowerment are mutually
exclusive. Equally, McDermott and Archibald (2010) do not considernttare of the
formal CoP relationships with top management, or how levels of formality might affect the

flexibility and/or constrain the construction of CoPs.

The above, of coursare at odds with Lave and Wenger’s (1991) original notion of
CoPs as emergent and independent, although McDermott and Archibald (2010) do propose
other ways to maximize the impact of CoPs, which are closer to the cultivation approach,
including setting aside time for participation, training CoP leaders, holding face to face
events and using simple IT tools. Probst and Borzillo (2008) discuss the role of sponsors in
relation to issues of governance and view CoPs as a form of intra-organizational network
suitable for the development and sharing of knowledge across organizational divisions.
Compared with McDermott and Archibald’s (2010) approach, which focuses on formalizing
CoP design and integration into the organization, Probst and Borzillo (2008) claim to take a
more supportive position, allowing CoPs to benefit from organizational support whilst still

retaining some level of independence. The difficulty for organizations is in gauging the
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balance between the levels of support provided and the amount of independetioe the
allowed to exercise. For SMEs with informal management structures, a managerial approach

does not seem to offer a practical means of constructing CoPs.

3.4 Inter-organizational CoPs

Allee (2000) suggests that CoPs offer a mechanism to support knowledge sharing
betweenorganizations, but acknowledges that because communities have looser bonds than
other types of network, organizations need to develop new techniques for constructing CoPs.
Furthermore, Du Plessis (2008) suggests that CoPs in SMEs are used as learning vehicles,
where the transfer of tacit knowledge into explicit knowledge becomes a critical resource for
innovation (see also Stephenson 2008Bgnger’s (1998) research focused on CoPs within
individual organizations and failed to acknowledge that a lot of scientific research and
technological development work is done between organizations. The general criticism of this
initial analysis is thatCoP theory is amorphous, group-centric and inward looking
(Assimakopoulos 2007). In other words, the traditional view of CoPs is that members are
closely connected and have few external linkages outside of their immediate organization.
CoP theory largely ignores the inter-organizational networks and relationships that are
required in complex, technology-rich, innovation-driven, knowledge intensive organizations,

where research and development is organized at and across distributed locations.

The argument for the support and development of inter-organizational CoPs is taken
up by Moingeon et al., (2006, 2), who note that CoPs can bring together professionals who
belong to different organizations, and that ‘for the organization, [they] indirectly represent a
powerful monitoring and innovation force, making both knowledge production and
distribution easier’ (Moingeon et al., 2006, 13). They acknowledge that innovation not only

occurs within the boundaries of organizations but most innovation octutbkg interstices
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between firms, universities, research laboratories, suppliers and buyers’ (ibid, p. 13).CoP

research to date has focused on large firms (Brown & Duguid 1991; Loyarte & Rivera 2007,
Probst & Borzillo 2008; Swan et al., 2002; Wenger et al., 2002) and there is a limited amount
of data relating to their construction in or across the organizational boundaries of SMEs. In

the next section we outline the research methodology we employed to address this lacunae.

4. Methodology

This study adopted a qualitative, interpretive methodology, for a number of reasons.
Firstly, a qualitative approach addresses the research questions through improving our
understanding of the experiences, views, attitudes and interpretations of the actors.involved
Secondly, a qualitative approach follows from the ontological position of the authors that
knowledge is socially constructedhis position has resonance with Botha etsal2008)
conceptualization of CoPs from a social constructionist stance, which is summed up in their
‘key elements’ of CoPs: learning is viewed as a social phenomenon; knowledge is integrated
into the culture, values, and language of the community; learning and community
membership are inseparable; we learn by doing and, therefore, knowledge and practice are
inseparable; empowerment is a key contributor to learning, i.e. more productive learning
environments are created when there are real consequences for both the individual and their
community of practice. Understanding and learning are, thereforestructedfrom and
through a variety of sources, including the social and physical environment, and the histories
of the people involved (Brown & Duguid 1991). Thirdly, a qualitative approach is aligned
with extant CoP theory and the view that learning is socially situated which supports a

relationally responsive social constructionist approach (Cunliffe 2008).

There 1s some debate over whether the correct term to use is ‘constructivism’ or

‘constructionism’ when describing this epistemological position, and Bryman (2001), for
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example, notes that the terms are often used interchangeably. For Papert and Harel (1991),
the term constructivist implies that knowledge is constructed by the learner, not supplied by
the teacher. On the other hand, constructionist implies that this knowledge-building occurs
felicitously, when the learner is engaged in the construction of something external, or at least
sharable. In other words, constructivism sees meaning as being constructed by an actor
through reflection upon their practice, whereas constructionism views meaning as being

constructed througbharedpractices.

The study used critical case sampling (a sub-set of purposive sampling techniques) in
order to select a small number of important cases that were likely to yield the greatest insight
central to addressing the research questions (Patton 2002). This sampling technique enabled
us to develop generalizations from the interview data. When considering the quesion of
many interviews are sufficient?’, Guest et al., (2006) posit that 12 interviews are usually
sufficient for data saturation to occur when using purposive sampling ansoreatively
homogeneous group of individuals. However, twelve interviews seemed unlikely to be
enough for our relatively heterogeneous sample. With this caveat in mind, a total of 20 in-
depth interviews were conducted with individuals employed in technical (scientists and
engineers) and commercial roles (operations, finance and purchasing) in five science-based
SMEs located in the north east of England. The sectors represented by the organizations
comprised: chemical processing, biotechnology, semiconductor manufacture, marine fuel
testing and gas analysis (see Table 1). The names of the organizations and interviewees have

been anonymized for confidentiality reasons.
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Company A is a contract chemical processing company providing bespoke
outsourcing solutions to the process industry, such as agrochemicals, biocides and herbicides.
It is the largest and longest established of the four firms, employing around 80 staff.
Company B aploys 14 staff and manufactures a range of ‘in-vitro’ diagnostic products for
use in the detection, prevention, and monitoring of medical conditions related to haemostasis
and platelet function. Company C, employing around 60 people, is a university spin- out,
manufacturing semi- conductor materials in the cadmium telluride family, which have a
variety of applications in the areas of medical imaging, security screening, industrial
inspection and space exploration. Company D is a marine fuel testing company that employs
40 staff. Its main business activity is to provide an integrated fuel testing service for ship
owners, managers or anyone involved in the purchasing or use of marine fuels. Company E
specializs in the design and manufacture of gas sensors and analyzers, and provides
innovative solutions to gas monitoring in a variety of environments. They currently employ

around 52 staff.

Semi-structured interviews were conducted by one of the authors between April 2011
and August 2013 and lasted for between 40 and 80 minutes. The interviews were audio
recorded with the permission of the interviewee, and subsequently transeeiizdim
Template analysis (Crabtree & Miller 1999; King 2004) was used to thematically analyze the

data. This deploys hierarchical coding, beginning with braagriori themes, moving to
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sequentially narrower, more defined themes as the analysis progresses. Template analysis
was chosen because, when combined with a social constructionist epistemology, it is an
effective method for exploring relationships and meanings and for capturing the different

perspectives of interviewees.

Crabtree and Miller (1999) suggest that template analysis offers an intermediate
approach, allowing the researcher to combine some indialpriori codes with an
immersion/crystallization style of analysis. Immersion/crystallization is considered a suitable
reflexive technique to demonstrate the validity of qualitative data (Borkan 1999) and is the
process whereby researchémsmersethemselves in the data they collect by reading or
examining some portion of the data in detail. Crystallization (Richardson 1994) is the process
of temporarily suspending the process of examining or reading the data (immersion) in order
to reflect on the analysis experience and attempt to identify and articulate patterns or themes
noticed during the immersion process (ibid, p.182). These complimentary processes continue
until all the data have been examined and patterns and claims emerge from the data that are
meaningful and can be well articulated and substantiated. We adopted this
immersion/crystallization approach in an attempt to ensure we were reflexive in both the

collection and the analysis of the data we gathered for this study.

NVivo qualitative data analysis software was used to code the data and create the final
thematic template. NVivo helped in organizing and storing the data, as well as gereerating
hierarchical structure (Bazeley & Jackson, 2013). It also suppartdtkrative process,
allowing for codes to be added, deleted or changed more rehdilya ‘cut and glue’
approach would allowThe analysis began with three broad themes: ‘knowledge acquisition’,

‘innovation’ and ‘CoPS, coding new Sub-themes as they emerged from the analysis. This
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flexible, iterative methodology facilitates a systematic, yet reflexive approach to data analysis

(King 2006).

5. Resultsand discussion
There was no evidence of any attempt to manage CoPs in any strategic tir@y in

participant organizations. This is not surprising given that our finding that previous research
has, by and largefocused on CoPs in the innovation processes of large organizations, and
often taken a managerialist approach (see Loyarte & Rivera 2007; Probst & Borzillo 2008;
Swan et al., 2002; Wenger et al., 2002). Small, science-based firms often have limited
networking capability (Havnes & Senneseth 2001) and struggle to participate in
collaborative innovation due to limited resources (Hamburg 2008), lack of trust concerning
the receipt and disseminating of knowledge (Harding & Pawar 2001) and knowledge transfer
problems caused by organizational and cultural differences (Van de Vrande et al., 2009).
However, the three other forms, often overlapping in the same organization, were found to be

present (albeit to a limited extent in some cases), as illustrated and discussed below.

5.1 Apprentice-based CoPs

In these science-based SMEs there watdievidence of the ‘traditional’ apprentice-
basedCoPs described by Lave and Wenger (1991), with the exception of Company B. Here
although ostensibly working as part of a team, the less experienced junior scientist and two
technicians often worked in isolation, seeking advice and support from the R&D Manager as
and when they required it. As the R&D Scientist confirni&aiu’re part of a team, but you
work alone a lot of the time and so when | want to find something out | can go to [R&D
Manager] for advice...”. The R&D Manager could be viedas the ‘master’, passing on his
knowhow by engaging in knowledge exchanges closely related to the ‘novice’s’ area of

practice.
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In this instance, the apprentice-based CoP had emerged through a process of
community- building, i.e. mutual engagement, centred around a specific domain of scientific
knowledge (joint enterpri3eout of which came a sense of shared repertoire. The R&D
Manager was, in turn, mentored by the Managing Director, who, through his personal
network of contacts, brought the R&D Manager and the more junior scientists and
technicians into contact with people outside of the organization, enabling them to access

external knowledge in addition to calling on members of their internal community.

In the SMEs dealing predominantly with R&D customers, this shared expertise was
strongly linked to generating radical innovatioBomebody from outside looking in hasio
idea why a person is doing [x] there’s no-one even knows how to do what we’re doing
so...” (Materials Manager, Company).(Apprentice-based CoPs might be more appropriate
for supporting learning in SMEs involved in incremental innovation, where there is a high
level of reliance on building a shared repertoire to facilitate passing on existing knowledge
betweenin-company scientific staff. On the other hand, in firms involved in radical
innovation, e.g. Company @oP development and deployment might be inhibited by the
absence o& shared repertoire, related to a lack of appropriate existing knowledge, but also to

the uniqueness or ‘novelty’ of the innovation.

5.2 Cultivated CoPs

Although we found no evidence ofianagedCoPs, one SME was attempting to
cultivate intra-organizational CoPs. Company E had introdaaedmagineering Wall’, a
large tri-divided whiteboard mounted on an office wall, where employees could post
innovative ideas for new products or improvements to existing products. Employees were
encouraged to share ideas, no matter how bizarre they might appear, in order to encourage

sharing and creativity and an open approach to innovation. Employees who chose to
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participate could comment on ideas, or add their initials to an idea as a form of endorsement,
or expression of interest. The system was s##eng; if an idea reached a ‘critical mass’,
in terms of employee interest, those who had endorsed the idea were encouraged to get

together and work on the idea/innovation.

Whilst all employees were encouraged to use the wall, it was R&D staff who posted
most ideas. This was partly because of their status as ‘experts’ and partly because of the
added incentive of a 10% time allowance, which allowed them to pursue their own ideas, or
those they selected from the wall. All participation was voluntary and employees formed

intra-organizational CoPs centred around their chosen innovation idea:

... [employees] can do it on their own terms... there’s no sort of a rule that at 9 a.m.
on a Monday morning you go and look at the ideas wall [laughs]... it’s a case of when
you feel you want to... or, you know, as part of taking time out of your day... you can
spend [that time] on problems and ideas that interest them. (Managing Director,

Company E

The wall was divided into three sections. The first section was where people posted
their initial ideas. If an idea gathered enough momentum, it was moved to the second section
where the idea could be developed further by those employees whedwamtork on it. At
this stage, the purpose is to find out if the idea is feagibléerms of design rather than
commercial viability) and whether theeis the expertise to develop it further. If an idea
reaches the third section of the wall, it is formalized and a business case is developed for
continuing with the project, primarily in terms of development costs versus potential benefits

to the company.

The Imagineering Wall had been successful in generating a number of incremental

innovations to existing products. The CoPs that had emerged from employees engaging in
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‘wall activities” had produced SiX ‘new and improved’ versions of products that were on the

market and a further four projects that were in the early stages of development. Quantifying
the number of CoPs that had emerged and the nature and depth of participant involvement
was difficult - he company did not keep records of employee’s informal ‘wall activities’ until

these became formal projects. This approach meant that an employee could move from one
project to another without having to inform anyone and, therefore, might be engaged in
multiple CoPs at any one timehd ‘Imagineering Wall’ acted as a shared artefact, a
boundary object, encouraging the practice-based discussion and participation that is

expressive of the cultivation of intra-organizational CoPs.

Not all interviewees expressed such positive views of the Imagineering Wall and
some employees were skeptical about employing the wall to generate newlideagobd
idea [but] after the novelty is worn off everybody’s sort of got rid of their ideas and it is now
sort of sat... we don’t really have enough external stimulation to keep it going... (R&D
Engineer, Company E). This implies that the wall initially provided an outlet for employees
to share their unrealized ideas. However, once they had posted their ideas on the wall, their
initial spurt of creativity was over. To maintain the wall’s creative momentum, the
interviewee suggests that it requires external stimulus. Another issue was that R&D staff did
not encourage the participation of none-technical members in these emerging CoPs and, as
Harris and Sheswell (2005) observed, the result was that some employees feeling
marginalized and withdrew from community membership. The long term success of the wall
might depend on how it is used and on the ability of the company to engage both internal

membership and external partners.

To summarize, whilst there was some evidence of attempts to cultivate CoPs, we

found CoPs in science-based SMEs to be, essentially, an emergent phenomenon. Tae use of
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boundary object in Company E stimulated the cultivation of multiple intra-organizational

CoPs, leveraged in the main for incremental rather than radical innovation.

5.3 Inter-organizational CoPs

Inter-organizational CoPs (loCoPs) had emerged through mutual engagement and
collaborative relationship building centred round two distinct sets of customers: commercial
and R&D organizations. The former consistedaofariety of customers from ‘for profit’
businesses, and tended to be seeking solutions to specific problems, for example,
commercializing new science-based products, or scaling up production of a new chemical
process. The R&D organizations consisted of universities and research institutions whose
main activity is ‘pure’ research and development, but which also adirido generate
additional revenue streams through filing patents for new products and paedsthe
commercialization of their inventions by the formation of spin-out companies. The
construction oloCoPsinvolvedthe building and maintenance of strong trust and credibility-
based relationships with customers, closely linked to the development of reciprocal
relationships. Trust-building facilitated effective knowledge sharing ancetiélie SMEs
understand their customénseeds. Through regular mutual engagement and the sharing of
expertise internally with colleagues and externally with customers and suppliers, trust-based
loCoPs emerged, generating social capital, developing their capabilities and improving thei

ability to problem- solve on behalf of their customers.

The SMEs employed a variety of trust- building and networking activities designed to
engage customers and suppliers. For example, Company A held free seminars for customers
and suppliers; Company B provided free specialist advice to a University; and Company D
provided free validation testing. By offering on-going advice and support, they encouraged

cross-organizational informal interaction, which frequently formed the basCoPs. The
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establishment of trust was linked to building credibility with customers, and presented
particular problems to the two start-up companies (C and D), which were wary of sharing
knowledge and expertise externalag they felt they must protect the intellectual property
that was the basis of their innovations. Some larger SMEs (notably Companies A and E)
encountered similar difficulties when engaging in trust building activities and sometimes had
to adopt a pragmatic approach in order to source external expertise. For example, for
Company C, which was engaged in radical innovation in order to develop new products, trust
building was sometimes a secondary consideration, coming after finding someone with the
required expertise, i.e. trust was predicated on competency, especially if the vpassuot

within its existing external network. Company E, on the other hand, brought in external

expertise for collaboration purposes, thereby enhancing their absorptive capacity.

Reciprocity was an important element of the trust building process, and was often
achieved through offering free advice or additional services. Companies A, B and D all
offered their services free to both commercial and R&D customers. The provisifiaedf
services to commercial customers by Company A helped them to maintain regular, informal
contact, build collaborative relationships and generate future business. In a similar vein,
Company B also provided free training and informal advice to customers. For non-
commercial customers, Company D provided their services free in exchange for access to
equipment or other testing facilities. These types of reciprocal arrangements often led to

informal knowledge exchanges and the emergentaCufPs.

SME relationships with both commercial and R&D organizations were established
and maintained through regular engagement between individuals, often on an informal basis,
and in the process sometimes these relationships dedeloip I0CoPs: ‘We very much

have to work with these customers and build relationships, and that can only be achieved
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through regular contact(Managing Director, Company B). Regular interaction with
customers produced a shared understanding, with these emergent loCoP members developing
a shared jargon-free language. Membeosked together towards a mutual goal, with the

SME staff seeking to develop innovative solutions in partnership with customers.

Whilst relationship building through mutual engagement often took place informally,
it was nonetheless considered important in developing solutions for customers. The MD of
Company B, for example, once he had identified a company he wanted to work with, would
initiate and then attempt to maintain mutual engagement. Although an initial contact with a
particular potential customer first occurred in 2005, the company did not receive an order
from them until two years later. During the intervening period the MD established a strong
relationship with one of the executives at the firm by inviting bemkeep in touch’ and
sharing expertise:When the ‘exec’ of the company came over to see his distributor in
Stockton he’d come into Hartlepool and have a meal and... chew the fat... and through that

relationship building we hegathem develop solutions’ (Managing Director, Company B).

Strong personal relationships are closely linked to trust (Kautonen 2010). Trust
underpinned the expectation that individual could be relied on to ‘perform’, especially
where they were involved in radical innovation projects:it’s much easier to go with
someone who you know and you know how they’re going to perform and ... whether you can
rely on them or not. Going into the unknown with someone new is much more difficult |
think’. (New Technology Manager, Company C). Stgte-experiential trust(Davies and
Prince 2005) is often based on third party reputation. However, if (as in this case)
performance is related to new product development, it relies on the transfer of competencies
that may not be there. As Kroeger (2011) observes, perceived competence ranks particularly

highly as a sign of the trustworthiness of a boundary spanner. SMEs, therefore, often sought
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external expertise from individuals where not from their immediate ‘trusted” community.
For the SMEs working with universities and other R&D organizations, trust was less of an
issue than for those seeking external expertise from commercial organizatnocts,were

often viewed as competitors.

In one SME, the Managing Director, a prolific networker, regularly visited customers,
sharing his expertise in the area of Warfarin management, an anti-blood clotting agent. The
MD was willing to provide advice on the use of competitors’ products and used these visits as
opportunities to build personal relationships with existing and potential custonsetise A
Technical Manager explainetile was willing to provide advice on the use of competitors’
products and used these visits as opportunities to build personal relationships with existing
and potential customers’. Some SMEs held events to bring together customers and suppliers
and showcase their expertise, thus encouraging the informal interactions that are commonly
the basis for CoPs formation. This approach was often adopted as a stratagem to create closer
bonds between organizations:.we invite major suppliers here and we will give them
seminars on differentost of process techniques which... has a reciprocal effect in that they

put us in touch with [other] businesses who want’h@fanaging Director, Company A).

Networking events enabled the two start-up SMEs to meet with competitors and
engage in knowledge sharing activities, exchange ideas and build the informal relationships
that are the basis of inter-organizational CoPs. [6l®Ps that emergetirough continuing
interaction after such events frequently led to more formal partnerships, such as joint
ventures, based on their mutual need for expertise not pedsetsnally Engagement in
activities that led to such joint enterprises also enabled the science-based SMEs to develop
customers’ inventions and turn their ideas into new commercial products. Thus inter-

organizational CoPs are a fruitful vehicle for bringing together experts from different
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organizations, and their formation and development makes an important contribution to the
generation of knowledge exchange and innovation. Participatif@CioPSincreases firms’

absorptive capacity and promotes collaborative approaches to innovation, both of which help
science-based SMEs build new networks and ensure better knowledge transfer, leading to

more focused innovation and new product development.

6. Conclusion

This research project has contriédito our knowledge of the facilitation of new product
development in science-based SMEs through (a variety of forms of) CoPs. It has focused
upon two particular matters: how is knowledge acquired in science-based CoPs, and how

does the knowledge acquired in CoPs influence new product development?

6.1 How is knowledge acquired in science-based CoPs

The many instances of SMEs acting as problem-solvers for their custoameg c
seen as a form of incremental innovation and knowledge acquisition. This was reliant on the
establishment and maintenance of trust, which was often leveraged through personal
networks and the pool of expertise and tacit knowledge found in the SMEs and collaborating
partner organizations. Cross-organizational interaction over time generated shared
understanding and a sense of engaging in a joint-enterprise. Through regular mutual
engagement and the sharing of expertise internally with colleagues and externally with both
R&D organizations, customers and suppliers, trust-based inter-organizational CoPs emerged.
Thus, social capital was leveraged to generate trust and reciprocity between SMEs and the
organizations with which they partnered, enhancing knowledge acquisition, sharing, and
innovative potential. This is a significant finding which contradicts suggestions in the extant
literature that lack of trust inhibits knowledge sharing and collaboration in SMEs. Our finding

clearly demonstrates that that CoPs are an effective way to capture and share tacit knowledge,
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as well as leverage the social capital necessary for innovation (Allee 2000; Landry et al.,

2002; Lesser & Prusak 1999; Wenger 1998).

6.2 How does the knowledge acquired in CoPs infteemew product development?

Both apprentice-based and cultivated CoPs were found to support individual learning
and the transfer of existing intra-organizational knowledge. The findings show that inter-
organizational CoPs were most effective in supporting knowledge acquisition, innovation and
new product development in these science-based ShdHsey enabled them to access new
knowledge by building effective collaborative relationships outwith the organization.
Collaboration was a key element of the commercialization of innovation for all the SMEs, for
a variety reasons, including sourcing external scientific expertise from other firms and
universities, seeking commercial expertise to help them exploit their innovations, as a route

to market through licensing agreements for new products and as a source of funding.

At the same time, customers often sought collaboration with the SMEs in order to
acquire external knowledge. Companies A, B and G in particular used this approach to bind
customers to them, thus cultivating an inter-organizatid®e® by building a shared
repertoire through regular contact. There was much evidence of the internal pooling of
expertise and the exchange of tacit knowledge through collaborative activities, often resulting
in or from the emergence of CoOPMEs acted as ‘consultantexperts’, solving problems on
behalf of their customers, and there was also evidence of increased absorptive capacity, for
example in Company E, which brought in external expertise for collaboration purposes when

problem- solving on behalf of customers.

Those SMEs which worked predominantly with R&D customers tended to value
collaborative trust-based relationships more than those working mainly with commercial

organizations. For the former, collaboration with universities was an important source of

27



external scientific knowledge, as well as providing access to research and development
funding and specialist scientific knowledge, equipment and facilitieli essential in the
development of innovative new products. However, for SMEs seeking external expertise

from commercial organizations, trust represented a barrier to building successful loCoPs.

Importantly, our analysis showed that lack of shared repertoire, particularly in SMEs
involved in radical innovation, did on occasion inhibit CoP construction, for example, the
Imagineering wall, where ‘legitimate conflict’ resulted in limited CoP participation for some
employees. This finding highlights that the status of some members’ relative centrality or
peripherality to the community (in this case R&D staff) negatively influenced internal CoP

membership.

7. Areasfor futurestudy

The findings provide a number of insights and pointers for future reseanehs Inot
possible, given the time constraints of the project, to conduct a longitudinal study, which
would be particularly useful for capturing in real time the emergence, development/ change,
and perhaps attenuation of CoPs, and any resulting innovations. Future research would also
benefit from a larger sample size in order to facilitate comparisons across a variety (different
sectors, geographic locations, sizes of organization, etc.) of seidased SMEs. This
research project focused on the experiences and views of scientists, engineers and.managers
It would also be valuable to capture the views and experiences of other groups of employees.
Finally, an international comparative study would serve as a useful insight into how
organizational and national cultural norms affect processes of innovation in science-based
businesses- for example, monochromic and polychromic attitudes towards time-orientation

might be highly relevant when exploring the global dimensions of inter-organizational CoPs.
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Firm

Employees

80

14

60

40

52

Table 1 Participants

Turnover

£5 million

£1.2 million

£2.4 million

£7 million

£6 million

Sector

Chemical

processing

Biotechnology

Semiconductor

manufacture

Marine fuel

testing

Gas sensors an

analyzers

Participants

Commercial Director
Finance Director
Purchasing Manager

Operations Director

Managing Director
R&D Manager
R&D Scientist

Technical Manager

Chief Technical Officer
New Technology Managet
Materials Manager

Technical Manager

Managing Director
Technical Director
Operations Director
Customer Services

Manager

Managing Director
Technical Manager
Design Engineer

R&D Engineer

39



