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Chapter

Importance of Social Networks 
for Knowledge Sharing and 
the Impact of Collaboration on 
Network Innovation in Online 
Communities
Stefan K. Behfar

Abstract

Innovation results from interactions between different sources of knowledge, 
where these sources aggregate into groups interacting within (intra) and between 
(inter) groups. Interaction among groups for innovation generation is defined as 
the process by which an innovation is communicated through certain channels over 
time among members of a social system. Apart from the discussion about knowledge 
management within organizations and the discussion about social network analysis 
of organizations on the topic of innovation and talks about various trade-offs between 
strength of ties and bridging ties between different organizational groups, within 
the topic of open source software (OSS) development researchers have used social 
network theories to investigate OSS phenomenon including communication among 
developers. It is already known that OSS groups are more networked than the most 
organizational communities; In OSS network, programmers can join, participate and 
leave a project at any time, and in fact developers can collaborate not only within the 
same project but also among different projects or teams. One distinguished feature of 
the open source software (OSS) development model is the cooperation and collabora-
tion among the members, which will cause various social networks to emerge. In this 
chapter, the existing gap in the literature with regard to the analysis of cluster or group 
structure as an input and cluster or group innovation as an output will be addressed, 
where the focus is on “impact of network cluster structure on cluster innovation and 
growth” by Behfar et al., that is, how intra- and inter-cluster coupling, structural holes 
and tie strength impact cluster innovation and growth, and “knowledge management 
in OSS communities: relationship between dense and sparse network structures.” by 
Behfar et al., that is, knowledge transfer in dense network (inside groups) impacts on 
knowledge transfer in sparse network (between groups).

Keywords: social networks, knowledge sharing, OSS development, collaboration, 
network innovation, online communities

1. Introduction

In organizational and information science, research topics related to network 
structure properties (e.g. degree distribution, network tie strength (weak-strong) and 
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network cluster shape (dense-sparse)) have been studied in various articles because of 
their significant applications including (1) network generation, design and reproduc-
tion (e.g. “Emergence of scaling in random networks” by Barabási and Albert [1], “On 
power-law relationships of the internet topology” by Faloutsos et al. [2]), (2) social 
network analysis (e.g. “Creating social contagion through viral product design…” 
by Aral and Walker [3], “Optimal and scalable distribution of content updates over 
a mobile social network” by Ioannidis and Chaintreau [4]), (3) impact of network 
structure on network innovation (e.g. “Collaboration networks, structural holes, and 
innovation…” emphasizing the impact of direct and indirect ties on firm innovation 
by Ahuja [5], “Network structure of social capital” investigating the impact of sparse 
network structure on facilitating diffusion of ideas by Burt [6]) and (4) knowledge 
management among open-source-software (OSS) developers (e.g. “Location, location, 
location: how network embeddedness affects project success in open source systems” 
by Grewal et al. [7], “Knowledge transfer within information system development 
teams: examining the role of knowledge source attributes” by Joshi and Sarker [8]). 
However, to our best knowledge, there has been no study in the literature which 
explains impact of network structure on innovation and growth at group or cluster 
level. We will address this issue in this chapter, and explain the impact of group 
dynamics on OSS project group innovation (i.e. group intra- and inter-coupling as 
causal factors for group innovation and growth), also discuss knowledge management 
and intergroup diffusion of innovation (i.e. influence of knowledge diffusion within 
dense groups measured by intragroup density, degree centrality and betweenness onto 
knowledge diffusion between sparse groups measured by intergroup coupling).

We focus on clusters or groups rather than individuals as the level of analysis 
for both network structure as input and innovation diffusion as output, because 
(1) clusters represent collective impact on network output rather than individuals’ 
impact, (2) impact of intra cluster couplings on cluster innovation and growth 
is different from the impact of inter cluster couplings on cluster innovation and 
growth and (3) trade-offs among dense and sparse network cluster structures are 
different from those associated with networks of individuals.

As the domain of interest, we have chosen open source software (OSS) col-
laboration network (or so-called OSS communities), where almost all prior works 
on OSS are concerned with project success measured by number of downloads or 
number of concurrent versions system (CVS) commits, and ignores group success 
measured by group growth and innovation. Group is referred to one including small 
or big number of developers who work on some or many project tasks. In addition, 
OSS developer is the unit of analysis, where two developers working on the same 
project task builds a tie in the network.

2. What is a network?

A network is a set of interlinked nodes, which can be simple, such as a lattice, 
random network or a complex network (a graph with non-trivial topological 
features that are not found in simple networks). However, most complex structures 
can be realized by networks with a medium number of interactions [9]. What is in 
fact a complex network?

2.1 Complex networks

A complex network is composed of nodes and links, or modules and depen-
dencies, where a module is a component whose structural elements are strongly 
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intra-connected and relatively weakly inter-connected to other modules [10]. A 
complex network is used to model complex systems, where a complex system is 
“one made up of a large number of parts that interact in a non-simple way; in such 
systems the whole is more than the sum of parts, at least in the important prag-
matic sense that given the properties of the parts and the laws of the interaction, 
it is not a trivial matter to infer the properties of the whole” ([11], p. 195). Simon 
viewed firms as hierarchical systems made of subsystems that are loosely coupled 
vertically and horizontally, and interact based on input and output. Loose coupling 
implies that interactions among subsystems are much weaker than interactions 
within subsystems.

2.2 Network clusters

In the context of organizational science, a cluster is defined as an ensemble 
of various firms and institutions that interact formally and informally via 
agreements and transactions or informal occasional meetings that collectively 
contribute to innovation within a given industry. An innovation cluster includes 
an ensemble of various organizations and institutions “(a) that are defined 
by respective geographic locations occurring at variable spatial scales, (b) 
that interact formally and/or informally through inter-organizational and/or 
interpersonal regular or more occasional relationships and networks (c) that 
contribute collectively to the achievement of all kinds of innovations within a 
given industry or domain of activity, i.e. within a domain defined by specific 
fields of knowledge, competences and technologies” ([12], p. 18). Innovative 
interaction among clusters is defined as “the process by which an innovation is 
communicated through certain channels over time among members of a social 
system” [13].

There are also definitions of industrial clusters: industrial clusters are “geo-
graphically proximate firms in vertical and horizontal relationships involving a 
localized enterprise support infrastructure with shared developmental vision for 
business growth, based on competition and cooperation in a specific market field” 
[14]. Clusters and industrial districts are synonymous, whereas the concept of 
a network is more general, and it does not necessarily entail local embedding, a 
shared objective, or a specific market ([15], p. 4).

In information systems, the notion of cluster cannot be precisely defined (see 
[16]); however, a group of data objects is a common definition. The notion of a clus-
ter is determined by different cluster models which themselves vary significantly in 
their properties. In social networks, Watts and Strogatz [17] have shown that nodes 
tend to be made of tightly knitted groups identified by a relatively high density of 
ties with likelihood greater than the average probability of a randomly established 
tie. Clustering in social network analysis has been discussed by Wasserman and 
Faust [18] and Opsahl and Panzarasa [19].

2.3 Network structural properties

In network theory, graphs could be classified according to two independent 
structural features: clustering coefficient and average shortest path length (average 
node-to-node distance). Purely random graphs, according to the Erdős-Rényi (ER) 
[20] and Watts and Strogatz [17], feature a small average shortest path length along 
with a small clustering coefficient, this varies in terms of the logarithm of the num-
ber of nodes. According to Watts and Strogatz [17], many real-world networks have 
a small average shortest path length and high clustering coefficient; they proposed 
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small-world network with the properties (i) a small average shortest path length and 
(ii) a large clustering coefficient [21].

Using network structure models, one can simulate complex network structure 
based on analyzing link formation or predict network structure based on link pre-
diction models. There have been primary contributions in the area of network mod-
els; Erdős-Rényi [20] presented non-growing randomly connected network model 
(ER); Watts and Strogatz [17] presented non-growing randomly re-connected 
network model (so-called small world) (WS) and Barabási-Albert [1] presented a 
network grow model, so-called preferential attachment model or rich-get-richer 
(BA). In this model, probability of adding new nodes is proportional to the number 
of incoming links. According to ER and WS models, the number of nodes in the 
network is fixed, where the linkages among existing link formation nodes are built. 
On the other hand, BA model assumes time-homogeneous network growth with a 
mechanism for preferential attachment link formation. We use this cluster/group 
concept throughout this chapter.

In the paper “Directed networks’ different link formation mechanisms caus-
ing degree distribution distinction” by Behfar et al. [22], we discussed the net-
work structural property of degree distribution distinction in different network 
levels of decomposition from dependency in a cluster of open-source-software 
(OSS) projects down to software project corpus dependency. We emphasized the 
importance of the study of in/out degree distribution distinction, and discussed 
why the type of distribution is significant in terms of (a) structural property 
of complex networks, (b) statistical property of complex networks, (c) self-
organizing property of complex networks and (d) decomposability property of 
complex networks.

We distinguished between in and out degree distributions, and claimed link 
formation mechanisms as a causal factor for this distinction. First, we discussed 
the importance of directed networks, and why outlinks are important, which 
have been often neglected in the previous studies. Second, we identified the 
causal factors for distinction between in and outdegree for the sample network of 
OSS projects as well as the Java software corpus as a network. Third, we analyzed 
whether this distinction holds for different levels of decomposition from project-
project dependency to package-package dependency and down to class-class 
dependency. We proved our hypotheses both analytically and empirically and 
concluded that in/outdegree dependencies do not follow similar types of degree 
distributions, where indegree dependencies follow power-law distribution, in 
some cases power-law with flat-top or exponential cut-off, while outdegree 
dependencies do not follow power-law/heavy-tailed distribution, in most cases 
they follow exponential distribution.

3. What is innovation in a network perspective?

Innovation is shown to be interactive, cooperative and cumulative [5] and it 
emerges through a combination of many sources of knowledge connected through 
a network. Innovation could be (1) incremental (creative accumulation), which is 
always based on already existing innovation or (2) radical (creative destruction), 
which is created by combining all new skill sets [23]. For new product development 
as products become modular, collaboration becomes essential, since individuals do 
not possess all the required knowledge to accomplish innovation [24] and knowl-
edge is distributed among individuals within a complex system.

Rogers [13] defined “innovation diffusion as the process by which an innovation 
is communicated through certain channels over time among members of a social 
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system”. There have been papers in the literature in various topics e.g. diffusion of 
innovation in manufacturing and service industries, healthcare and education [25]. 
Rogers also gave the first typology of innovation diffusion covering innovation, 
diffusion networks and rate of adoption in different social systems. Generally, the 
study of innovation, see Rogers [13], covers new product, process or market genera-
tion, adoption and implementation.

Inside organizations, units can learn from each other and knowledge diffusion can 
provide new mutual opportunities for units as well as the whole organization. Huber 
[26] suggested that organizational units transfer knowledge and learn from other 
units, in case those units have the capacity to access to new knowledge, which can be 
obtained and improved by networking. Other authors such as Hansen [27] attempted 
to model an organization as a complex network where units are inter-connected; 
knowledge transfer within this organization can be investigated by analyzing this 
complex network. Kogut and Zander [28] and Tsai [29] also modeled organizations 
as a social network and suggested that social networks facilitate the creation of new 
knowledge within organizations. Moreover, Tsai [30] also discussed how organiza-
tional units can gain useful knowledge from other units to improve its innovation and 
performance, also emphasized the role of strong ties in intra-corporate and strategic 
alliances. Apart from strong ties within organizations, Hansen [27] investigated trans-
fer and sharing of knowledge and emphasized the role of weak ties in organizations.

In the field of knowledge sharing, for example, Ma and Agarwal [31] discussed 
the role of perceived identity in augmenting knowledge sharing and Ren et al. [32] 
investigated the role of similarities in direct reciprocity and design of online com-
munities. As an alternative approach, DiMaggio and Powell [33] argued that under 
conditions of doubt or uncertainty, innovation occurs through inter-organizational 
imitation because organizations learn from similar organizations or from industry 
leaders. Researchers have investigated the importance of networks for knowl-
edge sharing and the impact of collaboration on overall network performance. 
Knowledge-sharing network model elements are represented in Table 1.

3.1 Open source software (OSS) communities

OSS projects are accounted as a significant economic, social and cultural phe-
nomenon [34]. Initially there were doubts over the quality of OSS products, which 
software industry was struggling to find innovative methods to develop quality 
products; at the same time, Linux and the Apache server attained a big success and 
demonstrated a new approach to produce reliable and high-quality products that 
are also inexpensive [35]. Due to these advantages, OSS development claimed to 
have the potential to compete with traditionally produced software, also to replace 
traditional development methods [36].

In fact, OSS communities provide alternative strategies for knowledge creation and 
growth, implement innovations and new product development [34, 37]. Nevertheless, 
software developers are now facing new labor market, where participation in OSS 

Network node Organization (SMEs)

Tie Knowledge-sharing activity

Tie strength Frequency of activity

Tie diversity Type of activity (joint team, project collaboration)

Tie content Knowledge (know-how, information, asset)

Table 1. 
Details of knowledge-sharing network model.
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projects could lead to increased salaries and improved job security. In fact, three forms 
of competitive advantage have emerged: verifiable technical skills, peer-certified 
competencies and positional power, as stated by Riehle [38].

Considering the significance of this phenomenon, researchers have widely 
used social network analysis (SNA) to model behavior of communication intra 
and inter groups in OSS communities. According to Jackson [39], the positions and 
relationships among developers in a social network are significant in the efficiency 
of the network, where they use different tools and techniques such as SNA. Grewal 
et al. [7] and Singh et al. [40] also state that success of many OSS projects is closely 
related to the communication structure in OSS network. Also, according to Grewal 
et al. [7], the distinguished feature of the OSS development is that cooperation and 
collaboration among members cause various social networks to emerge.

Many companies such as IBM, Google, Sun Microsystem and Oracle have 
decided to integrate OSS projects into their business operation. Other firms are also 
looking for business opportunities associated with OSS projects [37]. Moreover, 
public or private institutions also attempt to incorporate open source software 
in their business model. On the other hand, reliance on open software systems 
increases concerns over software security, and whether we can trust different 
platforms. OSS success should also help policy makers to better understand and 
implement their strategies considering different opportunities and threats [41].

3.2 Network ties and coupling

Granovetter [42] proposed a network theory which links micro and macro levels 
of sociological theory through analysis of weak ties bridging groups otherwise 
connected by strong ties. In a simple definition, strong ties are relationships with 
individuals whom we know very well, on the other hand, weak ties provide bridges 
over which innovations cross over boundaries of social groups, which are in fact 
strongly tied.

Weick [43] initially defined the concept of loose coupling; Orton and Weick 
[43] made a literature review on loose coupling, continued research on the topic, 
mentioned more and useful interpretations. Based on Granovetter definition of 
weak-vs.-strong ties and Weick definition of loose coupling, Girvan and Newman 
[44] defined the concept of “community structure” as a new property of sociologi-
cal and biological networks, where nodes join together in tightly knit groups which 
are loosely connected to each other.

Granovetter [42] argued that we can separate our relationship networks into a 
circle of close friends with strong ties and a circle of acquaintances with weak ties. 
Strong ties lead to clusters of communities, while weak ties connect those commu-
nities. Weak ties are significant for content dissemination due to the graph-theoretic 
effect of edge expansion. Weak ties could accelerate diffusion of job information 
[42], adoption of new technology [13] and coordination of collective action. The 
concept of strong and weak ties has been extensively used in organization systems, 
for example, Hansen [27], Kogut and Zander [28] and Tsai [29, 30].

3.3 Network ties and innovation

Some studies in the literature attempted to link network structure and innovation 
output by analyzing the impact of tie strength on innovation [27, 29, 42]. In addi-
tion, Hansen [27] thoroughly discussed the impact of weak versus strong ties, and 
investigated moderating effect of knowledge complexity on project time completion. 
Hansen concluded that weak ties reduce project time completion, but this effect is 
moderated by knowledge complexity. Ahuja [5] investigated the impact of direct and 
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indirect ties on firm innovation, and concluded that the more direct ties that a firm 
possess, the greater would be the firm’s subsequent innovation output, on the other 
hand the more indirect ties, the greater the innovation output. Shane [45] investi-
gated network relationship among firms which could impact on the rate of innova-
tion; this permits knowledge sharing and information flow. There are also other 
studies in the network literature focusing within topic of knowledge sharing and 
innovation adoption; in these studies, importance has been rendered to the number 
of firm linkages and geographical proximity impacting rate of adoption [46, 47].

Some studies have shown that innovation generation benefits from network 
structural holes, moderated by type of innovation and type of firm. Some types of 
new technology diffusion require trust and cooperation between firms, which cor-
responds to fewer structural holes. For some other types of firms where information 
brokerage is the primary business, more structural holes are necessary for knowl-
edge sharing [5, 48]; other scientists have investigated the distinction between 
sparse and dense network structure to promote network innovation. Walker et al. 
[49] argued that strong ties are required for the exchange of complex knowledge, 
while a dense network structure impacts on the implementation of ideas within 
each group. Burt [48] stressed that a sparse network structure facilitates diffusion 
of ideas and argued that strong ties within a dense network due to lack of diversity 
in resources are inefficient to acquire external knowledge.

Moreover, Cowan et al. [50] wrote that many empirical studies investigating 
creation of knowledge demonstrate that innovation to a large extent is obtained via 
recombination of existing knowledge. They examined the evolution of networks 
when innovation is resulted from agents accumulating their knowledge endowments, 
based on the assumption that agents freely form pairs in a globally stable balance, and 
that paired agents combine their existing knowledge to create new knowledge.

By now, we have discussed definition of innovation in a network perspective, 
OSS communities, network ties and coupling and network ties and innovation 
in order to investigate impact of network structure on group innovation within 
domain of open source software. While prior researches have given insights into 
performance of OSS projects, they usually ignore impact of network structure on 
group innovation. Therefore, we claim that there is a need for a new conceptualiza-
tion composing of different factors influencing on innovation and growth at group 
level. These factors include network embeddedness or structure parameters, for 
example, intra- and inter-cluster coupling, structural holes and tie strength impact 
group innovation, which we have addressed in the paper “Network tie structure 
causing OSS group innovation and growth” by Behfar et al. [51].

Open Source Software (OSS) project collaboration constitutes a new means 
of producing goods and services by self-organizing groups within worldwide 
virtual networks, and represents a new form of partnership between businesses 
and customers. More companies are now attempting to establish relationships 
to benefit from these potential value-creating groups. This makes it essential to 
investigate these communities further and see how to improve their success rate. 
Hahn et al. [52] investigated the personal factors causing a new developer to join 
a project, whereas in this study we are only concerned about network structural 
factors that influence developers to join existing projects or initiate new projects 
within a group. In other words, we investigated network structure as causal 
factor influencing both new project initiation within a group (representing group 
innovation) as well as new developers joining existing projects within a group 
(representing group growth).

We discussed three aspects of network structure—tie strength, group coupling 
and structural hole—as impacting innovation output. At the same time, we pro-
vided four hypotheses: (1) intra-group coupling has a positive impact on group 
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growth, (2) inter-group coupling has positive impact on group innovation, (3) 
inter-group structural hole has a positive impact on group innovation and (4) there 
is a trade-off between the effects of inter-group structural hole and inter-group 
coupling on group innovation. We discussed the logic and provided empirical 
analysis to validate these hypotheses. Developers contributing to project tasks 
in groups other than their own can access novel ideas for new project creation, 
whereas developers contributing to project tasks inside their group exploit ideas 
to improve those existing projects with better inside-group search possibility. This 
demands more developers to existing projects.

Project managers could target different goals within software development 
teams including increasing project success rate, bolstering innovation within teams 
or attracting more developers to join existing projects. Targeting task contribution 
between groups or intergroup structural hole make achieve more group innovation, 
whereas targeting number of task contributions inside a group or number of users 
per task makes achieve more group growth. The number of developers contributing 
to each task indicates how popular each project task is; and the more popular each 
task is the higher the number of developers contributing to the task, which indicates 
group coupling, and this could lead to group innovation.

4. What is knowledge management in a network perspective?

Baer et al. [53, 54] performed a meta-analysis of literature on innovation and 
social networks and presented various trade-offs between strength of ties and 
bridging ties among other things. Tsai [29, 30] stated that social networks facilitate 
creation of new knowledge within organizations, also discussed how organizational 
units gain useful knowledge from other units to enhance its innovation and perfor-
mance. Huber [26] investigated knowledge transfer among organizational units, 
and concluded that not all units have access and capacity to learn knowledge and 
apply it; they require external access and internal capacity [26]. Moreover, Ahuja 
[5] discussed firm’s network relationship impacting the rate of innovation, where 
network allows for knowledge sharing and information flow.

4.1 Knowledge diffusion within open source software communities

Cooperation and collaboration among OSS community members is the distin-
guished feature of any development model, which explores OSS as a social network. 
It is interesting to know that OSS groups are more networked than the most organi-
zational communities; in OSS network, programmers can join, participate and leave 
a project groups at any time, and in fact developers can collaborate not only within 
the same project but also among different projects or teams. One distinguished 
feature of the open source software (OSS) development model is the cooperation 
and collaboration among the members, which will cause various social networks to 
emerge.

Some studies investigated social network structure of open source software, and 
used long-term popularity as a measure to conclude that previous ties are generally 
an indicator of past success which would lead to future success [55]. Crowston et al. 
[50, 56] based on their analysis of social structure of open source software develop-
ment teams and the interactions among 122 large and active projects, and found 
out that some projects are highly centralized, and others are not. Other authors also 
discussed knowledge sharing between team members based on similarity-attraction 
paradigm; where it was proposed that knowledge sharing more likely happen 
between same demographic team members [57].
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4.2 Network innovation trade-offs

There are different studies in the literature which attempted to link network 
structure and innovation; where they mention some ambiguities:

1. One ambiguity in studies of the impact of tie strength on innovation concerns 
the distinction between strong and weak ties [27, 29, 42]. Granovetter [42] 
initially proposed a theory of weak versus strong ties, which link micro and 
macro levels of sociological theory through an analysis of various types of 
weak ties bridging groups otherwise connected by strong ties. Strong ties are 
relationships with individuals whom we know very well, but weak ties provide 
bridges which allow innovations to cross boundaries between social groups, 
which themselves are strongly tied.

2. Ahuja [5] investigated the impact of direct and indirect ties on firm innova-
tion, and reported that more direct ties lead to greater firm’s innovation out-
put; and more indirect ties also leads to greater innovation output of the firm. 
Finally, there is a trade-off between impact of indirect ties and direct ties level 
on a firm’s innovation output.

3. There is also ambiguity regarding the benefit of structural hole which promotes 
innovation generation moderated by types of firms, and even types of innova-
tion. For some new technology diffusion, trust and cooperation between firms 
is required, which corresponds to fewer structural holes, whereas for firms 
where brokerage of information is the primary business, more structural holes 
are needed (see Burt [48], Ahuja [5]).

4. Lastly, there is also ambiguity concerning the impact of sparse and dense net-
work structure to promote network innovation. Walker et al. [49] stated that 
dense network structure impacts implementation of idea within each group, 
and argued that strong ties within dense networks are required for exchange of 
complex knowledge; on the other side, Burt [48] stressed that a sparse network 
structure facilitates diffusion of ideas where strong ties within dense network 
are inefficient to obtain external knowledge because they do not bring diversity 
in resources.

After discussion over knowledge management in a network perspective, knowl-
edge sharing in OSS communities and network innovation trade-offs concept, we 
investigate network innovation trade-offs further in order to explore impact of 
knowledge sharing within dense network structures on knowledge sharing between 
sparse network structures. Although we focus on the domain of open source 
software, but the scope is not constrained to OSS, and could generally encompass 
all group-like structures.

In the paper “Knowledge management in OSS communities: Relationship 
between dense and sparse network structures” by Behfar et al. [58], we discussed 
whether knowledge transfer in dense network (inside groups) has an influence 
on knowledge transfer in sparse network (between groups). For this purpose, we 
distinguished mechanisms influencing on knowledge transfer within groups as 
opposed to between groups.

To investigate how intragroup density affects intergroup coupling, we used 
utility function for each project based on benefit and cost of new link formation. 
We showed that when initial link is formed between two groups, subsequent 
link formation is always cost-wise beneficial to be formed, which indicates that 
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intragroup density leads to subsequent intergroup coupling. The reason includes 
awareness or common neighborhood, which makes this link formation cost-wise 
beneficial.

In addition, we conducted an empirical analysis to validate the relationship 
between intragroup density and intergroup coupling using regression model on 
the OSS data. The results concluded that intragroup density has a positive and 
significant influence on intergroup coupling. This implies that betweenness has an 
insignificant influence on intergroup coupling; and degree centrality has a signifi-
cant but negative influence on intergroup coupling, which indicates that users with 
high degree centrality do not participate in inter group projects, rather collaborate 
more with other developers for projects within a group. Our results demonstrate 
that when users in a group have a lot of in-group tasks to contribute to, given 
number of users as a constant, the users would be more likely to contribute to tasks 
in other groups.

The results of this paper could have significant implications for project managers 
in open source environment, such as IBM and Sun Microsystems actively working 
in open source projects with decision to sponsor project tasks to promote knowledge 
transfer between groups. This indicates that to achieve more knowledge transfer 
between groups, one needs to target number of developers within each group. 
Consider that the number of developers contributing to project tasks implies how 
popular each project task is, attracting more developers who can contribute to proj-
ect tasks which corresponds to more intragroup coupling, leads to more knowledge 
transfer between groups.

5. Conclusion

This chapter in general was focused on the impact of network structural factors 
as a proxy for collaboration inside online communities (OSS groups in particular) 
onto network group innovation and growth. We have already published three 
papers in this topic, to which we hanged on in order to explain very different 
subjects in this limited number of pages. We aimed to answer questions (1) how 
social network of OSS projects influence on new users joining existing projects, or 
new project initiation within a group, and what kind of strategies should be used to 
improve it and (2) how knowledge sharing inside dense groups affects knowledge 
sharing between sparse groups.

We briefly discussed degree distribution distinction as a network structural 
property, then explained the impact of group dynamics on OSS project group 
innovation (i.e. group intra- and inter-coupling as causal factors for group 
innovation). Finally, we reported how knowledge transfer within and between 
groups are related, in that we explored how network tie density, centrality and 
betweenness inside groups influence on intergroup coupling. We also mentioned 
the practical implications, where companies adapt to the threats and opportunities 
of OSS movements, and exploit those specific strategies to take advantage of OSS 
projects.



11

Importance of Social Networks for Knowledge Sharing and the Impact of Collaboration…
DOI: http://dx.doi.org/10.5772/intechopen.89605

Author details

Stefan K. Behfar1,2

1 Digital Lab, CGI Consulting, Stuttgart, Germany

2 Audencia Business School, Nantes, France

*Address all correspondence to: stefankambiz.behfar@gmail.com

© 2020 The Author(s). Licensee IntechOpen. Distributed under the terms of the Creative 
Commons Attribution - NonCommercial 4.0 License (https://creativecommons.org/
licenses/by-nc/4.0/), which permits use, distribution and reproduction for  
non-commercial purposes, provided the original is properly cited. 



12

Harnessing Knowledge, Innovation and Competence in Engineering of Mission Critical Systems

[1] Barabási AL, Albert R. Emergence 
of scaling in random networks. Science. 
1999;286:509-512

[2] Faloutsos M, Faloutsos P, Faloutsos C. 
On Power-Law Relationships of the 
Internet Topology. SIGCOMM 99; 
Cambridge, USA; 1999

[3] Aral S, Walker D. Creating social 
contagion through viral product design: 
A randomized trial of peer influence 
in networks. Management Science. 
2011;57(9):1623-1639

[4] Ioannidis S, Chaintreau A. On the 
strength of weak ties in mobile social 
networks. In: Proceedings of the Second 
ACM EuroSys Workshop on Social 
Network Systems. 2009. pp. 19-25

[5] Ahuja G. Collaboration networks, 
structural holes, and innovation: A 
longitudinal study. Administrative 
Science Quarterly. 2000;45:425-455

[6] Burt RS. The network structure of 
social capital. In: Sutton RI, Staw BM, 
editors. Research in Organizational 
Behavior. Greenwich, Conn.: JAI Press; 
2000. pp. 345-423

[7] Grewal R, Lilien GL, Mallapragada G. 
Location, location, location: How network 
embeddedness affects project success 
in open source systems. Management 
Science. 2006;52(7):1043-1056

[8] Joshi KD, Sarker S. Knowledge 
transfer within information system 
development teams: Examining the role 
of knowledge source attributes. Decision 
Support Systems. 2006;43(2):322-335

[9] Wilhelm T, Kim J. What is a 
complex graph? Physica A: Statistical 
Mechanics and its Applications. 
2008;387:2637-2652

[10] Newman MEJ. Modularity and 
community structure in networks. 

Proceedings of the National Academy 
of Sciences. 2006;103(23):8577-8582

[11] Simon HA. The architecture 
of complexity. Proceedings of the 
American Philosophical Society. 
1994;106(6):462-482

[12] Hamdouch A. Innovation clusters 
and networks: A critical review of the 
recent literature. In: Proceedings of the 
19th EAEPE Conference; Universidade 
do Porto. 2007

[13] Rogers EM. Diffusion of Innovations. 
New York: Free Press; 1999. p. 367

[14] Cooke P, Huggins R. High-
technology clustering in Cambridge. In: 
Sforzi F, editor. The Institutions of Local 
Development. Aldershot: Ashgate; 2003. 
pp. 51-74

[15] Nooteboom B. Innovation, learning 
and cluster dynamics. In: Asheim BT, 
Cooke P, Martin R, editors. Clusters 
and Regional Development: Critical 
Reflections and Explorations. London: 
Routledge; 2006

[16] Estivill-Castro V. Why so many 
clustering algorithms—A position 
paper. ACM SIGKDD Explorations 
Newsletter. 2002;4(1):65-75

[17] Watts DJ, Strogatz SH. Collective 
dynamics of ‘small-world’ networks. 
Nature. 1998;393:440-442

[18] Wasserman S, Faust K. Social 
Network Analysis: Methods and 
Applications. Cambridge University 
Press; 1994. ISBN: 9780511815478

[19] Opsahl T, Panzarasa P. Clustering 
in weighted networks. Social Networks. 
2009;31(2):155-163

[20] Erdős P, Rényi A. On the evolution 
of random graphs. In: Publications 
of the Mathematical Institute of the 

References



13

Importance of Social Networks for Knowledge Sharing and the Impact of Collaboration…
DOI: http://dx.doi.org/10.5772/intechopen.89605

Hungarian Academy of Sciences. Vol. 5. 
pp. 17-61

[21] Barmpoutis D, Murray RM. 
Networks with the smallest average 
distance and the largest average 
clustering; Cornell University Library. 
2010; arXiv:1007.4031

[22] Behfar SK, Turkina E, Cohendet P, 
Burger-Helmchen T. Directed networks’ 
different link formation mechanisms 
causing degree distribution 
distinction. Physica A: Statistical 
Mechanics and its Applications. 
2016;462:479-491

[23] Morone P, Taylor R. Knowledge 
Diffusion and Innovation Modelling 
Complex Entrepreneurial Behaviors. 
UK: Edward Elgar; 2010

[24] Baldwin CY, Clark KB. Managing in 
an age of modularity. Harvard Business 
Review. 1997;75(5):84-93

[25] Davies H, Nutley S, 
Mannion R. Organisational culture and 
quality of health care. Quality in Health 
Care. 2000;9(2):111-119

[26] Huber GP. Organizational learning: 
The contributing processes and the 
literatures. Organization Science. 
1991;2:88-115

[27] Hansen MT. The search-transfer 
problem: The role of weak ties in 
sharing knowledge across organization 
units. Administrative Science Quarterly. 
1999;44:82-111

[28] Kogut B, Zander U. Knowledge 
of the firm, combinative 
capabilities, and the replication of 
technology. Organization Science. 
1992;3(3):383-397

[29] Tsai W. Social capital, strategic 
relatedness and the formation 
of intraorganizational linkages. 
Strategic Management Journal. 
2000;21(9):925-939

[30] Tsai W. Knowledge transfer 
in intra-organizational networks: 
Effects of network position and 
absorptive capacity on business 
unit innovation and performance. 
Academy of Management Journal. 
2001;44(5):996-1004

[31] Ma M, Agarwal R. Through a glass 
darkly: Information technology design, 
identity verification, and knowledge 
contribution in online communities. 
Information Systems Research. 
2007;18(1):42-67

[32] Ren Y, Kraut R, Kiesler S. Applying 
common identity and bond theory 
to design of online communities. 
Organization Studies. 2007;28: 
377-408

[33] DiMaggio P, Powell W. The New 
Institutionalism in Organizational 
Analysis. The University of Chicago 
Press; 1991. ISBN: 9780226185941

[34] Von Hippel E, Von Krogh G. Open 
source software and the private-
collective innovation model: Issues for 
organization science. Organization 
Science. 2003;14(2):209-223

[35] Von Hippel E. Innovation by 
user communities: Learning from 
open-source software. MIT Sloan 
Management Review. 2001; 
42(4):82-86

[36] Mockus A, Fielding RT, 
Herbsleb JS. Two case studies of open 
source software development: Apache 
and Mozilla. ACM Transactions on 
Software Engineering and Methodology. 
2002;11(3):309-346

[37] Von Krogh G. Research brief—
Open-source software develop-ment. 
MIT Sloan Management Review. 
2003;44(3):14-18

[38] Riehle D. The Open Source Software 
Developer Career and its Benefits. IEEE 
Computer; 2015



Harnessing Knowledge, Innovation and Competence in Engineering of Mission Critical Systems

14

[39] Jackson MO. A survey of models 
of network formation: Stability and 
efficiency. In: Demange G, Wooders M, 
editors. Group Formation in Economics: 
Networks, Clubs and Coalitions. 
Cambridge: Cambridge University 
Press; 1996. pp. 1-62

[40] Singh PV, Tan Y, Mookerjee V. 
Network effects: The influence of social 
capital on open source project success. 
MIS Quarterly. 2011;35(4):813-829

[41] Wang J. The role of social networks 
in the success of open-source-software 
systems: a theoretical framework and 
an empirical investigation [PhD thesis]. 
Kent State University Graduate School 
of Management; 2007

[42] Granovetter M. The strength of 
weak ties. The American Journal of 
Sociology. 1973;78:1360-1380

[43] Weick K. Educational organizations 
as loosely coupled systems. 
Administrative Science Quarterly. 
1976;21(1):18

[44] Girvan M, Newman MEJ. 
Community structure in social and 
biological networks. Proceedings of 
the National Academy of Sciences 
of the United States of America. 
2001;99(12):7821-7826

[45] Shane S. Are champions different 
from non-champions. Journal of 
Business Venturing. 1994;9(5):397-421

[46] Florida R. Towards the learning 
regions. Futures. 1995;27:527-536

[47] Van Oort FG, Atzema OALC. On 
the conceptualization of agglomeration 
economies: The case of new firm 
formation in the Dutch ICT sector. 
The Annals of Regional Science. 
2004;38(2):263-290

[48] Burt RS. Structural Holes. 
Cambridge, Mass: Harvard University 
Press; 1992

[49] Walker G, Kogut B, 
Shan WJ. Social capital, structural 
holes and the formation of an industry 
network. Organization Science. 
1997;8(2):109-125

[50] Cowan R, Jonard N, 
Zimmermann JB. On the creation 
of networks and knowledge. In: 
Gallegati M, Kirman AP, Marsili M, 
editors. The Complex Dynamics of 
Economic Interaction. Essays in 
Economics and Econophysics. Berlin: 
Springer; 2004. pp. 337-354

[51] Behfar SK, Turkina E, 
Burger-Helmchen T. Network tie structure 
causing OSS group innovation and 
growth. Problems and Perspectives in 
Management. 2017;15(1):7-18

[52] Hahn J, Moonm JY, Zhang C. 
Emergence of new project teams from 
open source software developer 
networks: Impact of prior collaboration 
ties. Information Systems Research. 
2008;19:369-391

[53] Baer M. The strength-of-weak-
ties perspective on creativity: A 
comprehensive examination and 
extension. The Journal of Applied 
Psychology. 2010;95(3):592-601

[54] Baer M, Evan K, Oldham GR, 
Boasso A. The social network side 
of individual innovation. A meta-
analysis and path-analytic integration. 
Organizational Psychology Review. 
2015;5(3):191-223

[55] Antwerp MV, Madey G. The 
importance of social network structure 
in the open source software developer 
community. In: Proceeding of the 43rd 
Hawaii Int. Conf. on System Sciences. 
2010

[56] Crowston K, Annabi H, Howison J. 
Defining open source software project 
success. In: Proceeding of the 
International Conference on Information 
Systems (ICIS). 2003. pp. 1-14



15

Importance of Social Networks for Knowledge Sharing and the Impact of Collaboration…
DOI: http://dx.doi.org/10.5772/intechopen.89605

[57] Ojha AK. Impact of team 
demography on knowledge sharing 
in software project teams. South 
Asian Journal of Management. 
2005;12(3):67-78

[58] Behfar SK, Turkina E, Burger- 
Helmchen T. Knowledge management in 
OSS communities: Relationship between 
dense and sparse network structures. 
International Journal of Information 
Management. 2018;38(1):167-174


