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Abstract: Small-world networks represent a decentralised network topology in which several
actors are strongly connected with each other. A high clustering coefficient and a high number
of short paths within a social network characterise such a network. Particularly in the context of
inter-organisational knowledge transfer among R&D organisations, the structure of small-world
networks appears significant for effective knowledge transfer. This paper reports on an
investigation into the nature of inter-organisational knowledge transfer among R&D
organisations. The topology of a social network is explored using UCINET social network
analysis software. From these findings, implications are drawn for ICT support at an inter-
organisational level.
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1 Introduction

Inter-organisational knowledge transfer is the exchange of knowledge among diverse
organisations with the aim to expand and leverage their capabilities and resources
[Grant and Baden-Fuller 1995]. Although there can be various emphases, in the
context of this research, it refers to the movement of knowledge between two or more
organisations in a knowledge-intensive environment, such as the Research and
Development (R&D) sector. The aim of inter-organisational knowledge transfer is to
reuse existing knowledge and also facilitate innovation. Although the larger part of
research into knowledge transfer has been undertaken at the organisational level,
more recent studies have investigated the benefits of knowledge transfer in inter-
organisational environments including strategic alliances, business clusters, value
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chains and informal networks and communities of practice [Cranefield and Yoong
2005]. Research into the inter-organisational transfer of knowledge, particularly in
informal networks in the R&D sector, appears to be relatively rare [Allen et al. 2007].
There is also a lack of research in elucidating Information and Communication
Technology (ICT) support for the transfer of knowledge in social relationships in this
environment.

This paper reports results of a case study that investigated knowledge transfer in
an inter-organisational social network in the New Zealand (NZ) environmental
Research and Development (R&D) sector. This study was guided by two research
goals. The first aim was to elicit key knowledge transfer structures, such as the
network topology, among R&D organisations. The second aim was to draw
implications regarding ICT support. This paper specifically focuses on the
identification of the network topology which is a major indicator for knowledge
transfer and ICT support [Kwon et al. 2007].

2 A small-world network topology: A Social Network
Perspective on Knowledge Transfer

Social networks and knowledge transfer

A social network consists of a set of social entities, such as individuals, groups or
organisations that are linked to each other in order to exchange information
[Haythornthwaite 1999]. Social network research focuses on relationships between
these entities, which can be represented by communications among members of a
group [Wasserman and Faust 1994] and informal, interpersonal relations in social
systems [Scott 2000]. The transfer of knowledge in social networks can be facilitated
by different means that may include various ICT’s, especially in the case of people
working in distributed locations. Like other types of media, ICT may enhance the
accessibility of a person’s knowledge to other people in the network. This
accessibility is a statistically significant relational characteristic of knowledge seeking
behavior in a network [Borgatti and Cross 2003].

The network topology

In terms of network topology, social network structures can show diverse levels of
centrality, which is a major indicator for knowledge transfer in the network.
Centralised structures include Barabasi or Moderate Scale Free network structures,
whereas more decentralised structures are presented by random or small-world
networks [Kwon et al. 2007]. Small-world networks in particular are characterised by
a more decentralised structure than completely random networks. A small-world
network structure includes some degree of centralisation in the form of local clusters
and can therefore be differentiated from a pure random network [Kwon et al. 2007]
[Watts and Strogatz 1998]. Local clustering in small-world networks facilitates
reliable accessibility and links between local clusters can provide easy access in the
network [White and Houseman 2003].

In terms of social network analysis, small-world networks can be identified by
two main characteristics: firstly, a high number of short paths (small average path
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length) between any two members in the network: and secondly, a high clustering
coefficient that indicates the existence of a certain degree of centralisation in an
overall decentralised network. In general, a path in a network is a linkage between at
least two network members and is illustrated by lines in a visualised network.
However, no connection is repeated and no network member is visited twice [Borgatti
2005]. The length of a path is represented by the number of nodes (network members)
it contains [Borgatti et al. 2002]. A short path directly links two members in a
network [Kwon et al. 2007] whereas a long path also includes linkages to other
members. Such direct linkage, as provided by a short path, allows for direct
communication and therefore quick transfer of knowledge - particularly if the contact
frequency is high, too. The other typical characteristic for small-world networks is a
high clustering coefficient which represents the average of an high neighborhood
connectivity per network member [Kwon et al. 2007]. Watts and Strogatz [Watts and
Strogatz 1998] introduced the clustering coefficient measure in 1998. In particular,
they determined that the neighborhood connectivity in small-world networks is higher
than in comparable random networks [Watts and Strogatz 1998]. These two
characteristics were applied to the empirical data of this study.

3 Results AND Analysis

The social network in this case study was identified as a small-world network. Sixty-
seven study participants took part in data collection. Key groups of participating
organisations were local and central government agencies, Crown Research Institutes
(CRIs), private businesses and universities. Results are based on study participants’
contact frequencies for advice giving and seeking activities in the workplace.

Small-world network characteristics — high clustering coefficient

The network’s clustering coefficient was significantly higher with 0.79 than the
clustering coefficient in a comparable same-sized random network with 0.42 as
shown in the following table. In addition, Table 1 illustrates the clustering coefficients
in relation to the network’s overall density. The measures were conducted by using
UCINET software' [Borgatti et al. 2002].

Clustering Clustering coefficient for a Overall network
coefficient comparable random network density
0.79 0.42 0.62

Table 1: Clustering coefficients and network density

The figures in Table 1 confirm that, due to their considerably dense local
neighborhoods, this network shows a higher clustering coefficient compared to a
random network of the same size. In order to avoid an ‘over-interpretation’ of high
clustering coefficients, [Hanneman 2005] recommends a comparison of the clustering
coefficient to the overall density of the network. The density is the total number of

"'UCINET 6.188
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ties divided by the total number of possible ties [Borgatti et al. 2002] and therefore
represents the average connectivity in the whole network. The density of the entire
network was also high (0.62) as shown in Table 1. In addition to the high clustering
coefficient, this finding reveals a high network connectivity, which represents overall
good opportunities for knowledge transfer. However, as the density result was high,
the clustering coefficient value did not reflect an equally high value, as it would have
in a network with a lower density. This means the opportunities for knowledge
transfer within the local clusters were only slightly higher than in the whole network.

A high number of short paths

The shortest paths in this case include, for example, the path connecting private
businesses and universities or CRIs and central government (see Figure 1). As this
study’s small-world network represented an advice network, in which people most
often knew whom they wanted to contact for seeking or giving knowledge, a
considerable number of short paths was present.

Figure 1: Small-world network

The identification of a small-world network presents some promising aspects for
inter-organisational knowledge transfer. Due to the high clustering coefficient and the
high number of short paths, study participants shared the advantage of having a
relatively easy access to inter-organisational knowledge sources. Apart from
inhibitors such as remote locations or competition issues, this small-world network
topology provides a reasonably well structured opportunity for inter-organisational
knowledge transfer.

4 Practical Implications for ICT support

In small-world networks, ICT can efficiently support information processing [Kwon
et al. 2007]. ICT allows for connections across different organisations, and these
connections help encourage collaboration and knowledge transfer among network
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members. A high degree of local clustering and a high number of short paths in the
small-world networks allow for a facilitation of routine communications among
people by ICT[Kwon et al. 2007].

Due to this network’s decentralised structure, decentralised ICT and particularly
decentralised a KM system may be the best support solution at the inter-
organisational level, as knowledge processes often cross organisational boundaries
[Maier and Hadrich 2006]. A decentralised KM solution (such as Groove) is based on
a peer-to-peer architecture. In line with this study’s identified small-world network
topology, a peer-to-peer KM system seems appropriate. Such a decentralised system
allows several powerful groups of organisation which are strongly connected to use
peer-to-peer connections efficiently. Weak and intermediate connections may use the
peer-to-peer connections less often, but as a decentralised KM system is less costly in
maintenance than a centralised system, it even seems more appropriate to support
knowledge transfer among weak ties. Moreover, peer-to-peer systems typically reduce
the barriers of knowledge transfer at the individual level. Individual knowledge
workers are more motivated to participate in a peer-to-peer KMS and share the
benefits [Maier and Hédrich 2006]. As the presented results are based on data of
individuals’ advice giving and seeking activities, a decentralised KMS may thus also
provide support at the individual level.

5 Outlook

Further research could investigate specific services such as infrastructure services and
knowledge services of a decentralised KMS [Maier and Hédrich 2006] in regard to
additional study results, including the types of knowledge transferred and ICT
security standards in the inter-organisational networks. These investigations could
help develop further recommendations for ICT support.
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