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Sefan Kambiz Behfar (France), Ekaterina Turkina (Canada), Thierry Burger-Helmchen (France)

Network tie gructure causng O SSgroup innovation and growth
Abdract

Open source software (OSS) development as an inexppnsdess to develop software threatens proprietary software busi-

ness strategies. Providing business strategy to benefit fromaedudevelopers for the purpose of contributing to existing
projects, as well as initiating new OSS projects is of utmost isigmife for companies in that industry. Therefore, it is im-

portant to figure out how groups of volunteer developers are doas@ew developers join existing projects, and it is even

more important to investigate what causes these developers to initiate new projects. The authors investigate network structure
as a causal factor for both new project initiation within a group (representing group innovation) as well as new developers
joining existing projects within a group (representingup growth). The authors develop four hypotheses:

4. Intra-group coupling has a gitive impact on group growth,

5. Inter-group coupling has a positive impact on group innovation,

6. Inter-group structal hole has a positive imapt on group innovation,

7. There is a trade-off between the effects of interygiructural hole and inter-group coupling on group innovation.

The authors test these four hypotheses using data from@&S8lopers contributing to project tasks in groups other

than their own can explore novel ideas for new project creation, because they can benefit from sharing knowledge,
whereas developers contributing to project tasks inside their own gxpigitideas to improve those existing projects

with better inside-group search pdsbiy; and this demands more dewpérs to join those group projects.

Keywords: open source software, cluster management, network management.
JEL Classification: D85, L14, O31.

Introduction and improved job security. Three forms of competitive

f . . advantage have emerged: verifiable technical skills,
E))pen soulrce osl? are (.OSS) pro;ect_collabp;gn%r_]ﬁh Ber-certified competencies and positional power, as
een analyzed from various perspectives within diffe n'tgted by Riehle (2015).

ent disciplines from computer science to business al

economics, as well as multidisciplinary network thed?esearchers have widely used social network theories
ry. This collaboration constitutes the means of produt® investigate the OSS phenomenon. They showed
ing goods and services by self-organizing groups witkat the positions and relationships among developers
in worldwide networks, and represents a form of pari? a social network are significant in the efficiency of
nership between businesses and customers. the network (Jackson and Wolinsky, 1996; Jackson,

While there were skeptics over the quality of Ossogii)l # ;tl\zg rISI |;f§;(|a;sti ;ig}\ggugi Ciggstggﬁait;cggg
products, and software industry was struggling to finéjo y

innovative methods of developing quality softwar rojects is closely related with the communication

- . ructure (Grewal et al., 2006; Singh et al., 2011).
products, Linux and the Apache server achieved a %gw T
success, which led to the potential of new approach e distinguished feature of the OSS development

produce reliable and high quality products that are al%odel is the cooperation and collaboration among the

produced inexpensively (von Hippel, 2001). Due tEpembers, which will cause various social networks
these advantages, they claim that OSS developm&hfMer9€e (Gr_ewgl et al., 2006). To some extent, the
has the potential to compete with traditionally pro= S__communlty_|s a more networkgd world than the
duced software, and even replace traditional develdf@ditional organizational communities, where pro-
ment methods (Mockus et al., 2002). Software dev&ll2Mmers can join, participate, and leave a project at
opers are now facing new labor market, where parti@?y time and developers collaborate not only within

pation in OSS projects could lead to increased salari8§ Same project team, but also across teams. It has
also been shown that the structure of an interproject
network affects knowledge sharing within and across

' Stefan Kambiz Behfar, Ekaterina Turkina, Thierry Burgeropen source projects_ Montazemi et al. (2008)
Helmchen, 2017.

Stefan Kambiz Behfar, Researcher, Faculty of Management and E&emonsnated t_hat the market St'l'l:IC'[UI‘e of embedded
nomic Science, University of Strasbourg, France. interpersonal ties enables participants to take ad-

Ekaterina Turkina, Associate Professor, Department of |ntemati0n9|antage of information asymmetry for proﬂt tak|ng
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Strasbourg, France. Hinds and Lee (2008) discussed costs and benefits of
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Commons Attribution-NonCommercial 4.0 Internatiodi@ense, which structure of open source software has no important

permits re-use, distribution, and reguction, provided the materials aren’t .
used for commercial purposes anddtiginal work is properly cited. effect on Commumty structureOn the other hand,
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Antwerp and Madey (2010pvestigated social net- For some types of new technology diffusion, trust
work structure of operosirce software, and used longand cooperation between firms is required, which
term popularity as the metric developer-developer tdemands fewer structural holes, whereas for firms
and concluded thatrevious ties are generally an indi-where brokerage of information is the primary busi-
cator of past success and usually lead to future suwess more structural holese required (see Burt,

cess Hahn et al. (2008) also investigated pleesonal

factorscausing a new developer to join a project, a
concluded that prior collaboration between a new

veloper and the project initiator or previous experien(%ﬁ
of the group members are determining factors. Ratr}?,r
than discussing whichbersonal factorsnake develop-
ers initiate new projects, in this study, we focus
network structural factorghat influence developers to

1992; Ahuja, 2000).

nFledeschi et al. (2014) studied the dynamic of innova-
ffon networks, where they introduced an agent-based
odel, where heterogeneous firms compare and modi-
their innovation strategies. Kogut (2000) proposed
that part of the value of a firm comes from its patrtici-

O|Lr)1ation in a network.

join existing projects or initiate new projects within d-astly, there are conflicting explanations concerning
group, as shown grey in Table 1.

Table 1. Factors influencing developers to join projec%h

or initiate new projects

the impact of sparse and dense network structure for
e purpose of innovatioiWalker et al. (1997) and
oleman (1988) stressed that dense network structure
has a positive impact on the implementation of idea

Factors

Developers join existing prajédevelopers

in a group

projects in a group

initiate N

ew within each group, and argued that strong ties are re-

Prior collaboration of new-devel

oper with project initiator

and

quired for exchange of complex knowledge, whereas
Burt (2000, 2002) emphasized that a sparse network

Personal | ior experience of actual pfoject structure facilitates diffusion of ideas and argued that
members strong ties within dense network are inefficient for
:ntrelt-ﬁrcl)upr)] couplin% andﬁstrﬁtﬁer-gtroult:) four?"rg hand acquiring external knowledge, as they do not promote
ural nole have positive effectraar-structuras ole ave . . .

Structural new developers joining projgmsitive effect on develo| dIVGI’SIty In resources.

pers

inside a group initiating new projects.

In this study, we place our major contributions within
Innovation results from interactions among differerthe afore mentioned literature gap, to the best of our
bodies or sources of knowledge, where these sourkg§wledge, there has been no study investigating the
of knowledge aggregate into groups interacting withiffanagerial and economimpact of network group
(intra) and between (inter) groups. In information scitructure on group innovatioWe focus on network
ence, groups could be defined as the sum of developf@UP rather than individual for both network struc-
working on related projects. Intra- and inter-grouf!r® @s input and innovation and growth as output,
coupling have been investigated in the literature withifEcauSe @) group represents the collective impact on

sociological systems in terms of tie strength b etwork output rather than 'ghe individuals’ impact, b)
tra- and inter-group couplings both represent group

Granovetter (1973), in social and b'OIOQ'(.:aI SySten&ructure, but impact differently on group innovation
(Newman, 2004) represented by community structur v growth, ¢) trade-offs among dense and sparse net-

in organizational systems (Simon, 1962; Weick, 197G}y custer structures are different from those asso-

by loose versus tight couplings. In addition, variougiateq with networks of individuals. Moreover, we
authors have investigated the impact on innovation BY.,s on network structural factors, and attempt to
tie strength (weak versus strong) (Granovetter, 197§@ply the concept oftheimpact of network structure
Hansen, 1999), and by network structure (sparse Vgfr innovatiofi from organizational science to infor-
sus dense) (Burt, 1992; Walker et al., 1997). At th@ation system. We make two assumptions: 1) new
same time, there is ambiguity and conflicting theorigsroject initiation within a group represents group in-
linking network and innovation. Ahuja (2000) investinovation and 2) new developers joining existing pro-
gated the impact of direct and indirect ties on firm irjects represent group growth.

novation, and reported that a) ‘the more direct t'esﬁle paper is structured as follows: in the first section,

Cgtrilor:%"l?:a&f’tt);]?tr?éeii;[:;tg]reaf']firrnms,ssxsrsr]%%ljreor}ti:1n dr;_OV\ie present our theoretical framework and hypotheses.

1 output, g . . We review network structural perspectives on innova-

rect ties, the greater the subsequent innovation out% output from the two network structure aspects:
and inter-group couplings, and structural hole.

of the firm”, c) “the impact of indirect ties on a firm'sintra_
innovation output will be moderated by the level of th?his section is followed by the method section, where
we will discuss data collection and measures. In the

firm’s direct ties”.

There is also ambiguity in the benefit to networksext section, we provide empirical analysis to validate
from structural holes, where innovation generation the three hypotheses. We discuss data collection, and
moderated by type of innovations and type of firmgropose the method, which includes data collection,
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measurement and results. Our analysis is based on|the
data collected from the website of SourceForge.n¢

which is the largest repository of OSS projects.

1 Theoretical framework and hypotheses

1.1. Network group structure. As discussed by Burt | 0SS project Project | < ibproject, in case he or she s alredy
(2000), groups are inter-connected via both strong and
weak ties, where weak ties are far more numeroys.

Groups are also intra-connected via both strong ap@roiecttask
weak ties, where strong ties are far more numerous;

Problems and Perspectives in Manageent, Volume 15, Issue 1, 2017

Assigned by source forge administragtion
h for any new project; moreover, new mem-
'ET)SS group Graup bers/developers are added by the group
administrator based on relevancy and of
course his or her interest
Anyone can initiate a project by signing up
at source forge, or alternatively create a

member of a project and a group

Project related tasks, where developers
Task within a group or across groups work on
(here it is considered as network tie

while intergroup coupling is used between group§Ve use the word “coupling” between clusters ranging
Inter-group coupling should not be confused with tisom loose to tight (Simon, 1962). After a description
strength (weak-strong) between network nodes whiet network group structure, we present what the com-
accounts for frequency of developer contribution iplex network componentsode and tieare. In our
project tasks, as shown in Figure 1.

St;ong tie

Direct tie e r— .
., Stong tie

... Weak tie:,:":

\Weak tie

Fig. 1. lllustration of both weak and strong ties within and be-

We use the word “coupling” between groups, which it
different from concept of tie strength (weak-strong
between network nodes. Tie strength is, in fact, fre
gquency of developer contribution to project tasks, a

shown in

Table . We do not measure ties by their weight, rathe.,
a developer contributing tone project task within a
group or among different groups forms one netwo

tween two groups

tie.
Table 2. Terminology
Term Definitions Measure
Network tie Weaklstronq Fre_quency of developer contribution
tie project tasks
Network structure
Dense Densely intraconnected groups, where
developers work on relevant project
s Sparsely interconnected groups, whe
parse : )
developers work on irrelevant projeg
Intergroup Sum of intergroup ties (sum of interg
coupling project tasks)

network of OSS project collaboration, each developer
represents a node, whereas two developers contrib-
uting to the same project task represent a tie. We still
need to define the construcistra-group coupling
measured by the number of project tasks in each
group, inter-group couplingmeasured by the number
of project tasks between any two groups, antdr-
group structural holaneasured by the number of op-
portunities contributed by project tasks between any
two groups. The structural hole concept (relationship
of non-redundancy between two contacts) was initially
introduced by Burt (1992), and implies a brokerage
opportunity (creating competitive advantage for an
individual whose relationships span the holes). In fact,
structural holes shown in Fig. 2 are gaps in infor-
mation flow between alter linked to the same actor, but
not linked to each other (Ahuja, 2000).

Struetyral-hole
Fig. 2. lllustration of structural holes

réﬁroup innovation is defined as new project initia-
tion within each group, whereas group growth is
defined by the number of new developers joining
existing groups. We use social network dynamics to
explain and predicobur phenomena of interest “OSS

group innovation”.

n

The theory components are: the unit of analysis is the
askgroup of OSS developers, where the network is com-
« Posed of nodes (developetisking by project tasks.
ttasksach developer can initiate new projects, but, at the
roupsame time, co-work on project tasks with other devel-

opers. Network outputs are group growth and innova-

9
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tion, where group innovation is measured by the num- not include frequency of developer contribution in

ber of new projects created within each group and our modeling.

e e o2 Impact of group coupng on inovatn

There are some conceptual and contextual assumptiSUI ut. _Management an_d economics Ilte_rature pro-

underlying our proposed theory: vides different perspectives on clus_ters in different

' contexts such as knowledge sharing, governance

i Innovation usually results from interactions amongnd transaction cost economics (Williamson, 1975;
different sources of knowledge. Here we assunefebvre et al., 2016), network as solution to explo-
that new project initiation representing innovatiomation (discovery, development of idea) and exploi-
is solely caused by these interactions; howevdation (implementation of idea) dilemma (Stadler et
sometimes it could happen due to different reasoab, 2014). In the context of information systems
such as an OSS project being large in size (e.githin the domain of open source software (OSS)
Apache subdivides into some smaller projects). project collaboration network, similar to the concept

i New innovative projects contain either just on@f cluster in an organizational science, projects are
initiator or additional members, where we assun@ouped based on their characteristics. Developers
that the initiator has been influenced by prior intresould contribute to one or several project tasks with-
or inter-group interactions. in a group or among different groups. Bridging be-

i Studies of the factors that cause a new develogéeen groups allows exploration or access to novel
to join a project (Hahn et al., 2008) concludédeas, whereas dense groups promote exploitation of
that prior collaboration between a new develoghose ideas. Therefore, developers working on pro-
er and a project initiator and the experience ¢gCt tasks across different groups can access novel
actual project members cause a new developégas for new project creation, whereas developers
to join the project. Here, the reputation of deworking on projects inside one group exploit those
velopers (represented by the number of projecéeas to improve those existing projects; and this
he or she has initiated), popularity of projectequires more developers to join the group.

tasks (shown by the number of developers Cofhter-group coupling leads to both group innovation
tributing to the project tasks) and other factorgng growth, but with greater impact on group innova-
(such as the number of project tasks that oR@n, This is because inter-group ties are more efficient
developer contributes to). Although they mightor acquiring external knowledge, accessing the diver-
influence the developer’s decision to initiate ajty in projects in other groups, and facilitating diffu-
new project or join an existing project, here wejon of new project ideas, which leads to new project
consider them as control variables. initiation inside the group (so-called group innova-

I We use the word “coupling” within and betweertion). On the other hand, intra-group coupling leads to
groups, which should not be confused with ti®oth group innovation and growth, but with greater
strength (weak-strong) between network nodesnpact on group growth. This is because intra-group
Tie strength is, in fact, frequency of developeties are more efficient for quick transfer of information
contribution to project tasks, used when measuringa group factors (growp, which leads to group
intra- and inter-group coupling, however, we dgrowth (Tsai, 2000, 2001).

Inter clustercoupling
Accesgo externalknowledge

Accesdo varietyof projects -
—————————————————————— ‘| i | Clusterinnovation ||
Inter clusterstructural H3
holes e e ......
' Quicktransferof information ' Clustergrowth
|
|

Quicksearchwithin samegroup |H1

Intra clustercoupling

Fig. 3. lllustration of theory design on the impact of the thee constructs (intra-group couping and inter-group coupling, as
well as inter-group structural holes) on group growth and innovation

We use three constructs “intra-group coupling”, “inwe intend to investigate the impact of intra/inter
ter-group coupling” and “inter-group structuralcoupling on group growth and, therefore, answer the
hole” shown in the model diagram in Fig. 3. Firstquestion “Does intra/inter group coupling have a
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positive impact OSS project group innovation?” 2. Method

yes, is it due to quicker search and transfer of iRye aim to determine separately the impacts of intra-
fo.rmatlorj and better ac_ceSS|b|I|ty |nS|d¢ group?” A@roup coupling, inter-group coupling and inter-group
will be discussed later in the data section, each prgyyctural hole on group innovation in the domain of
ject initiated by a developer is given a gr@up 0SS projects. We use the complex network of open
which contains both projects and developers. In faggurce software (OSS) as the domain of interest for
groupy benefits developers allowing them to searcihis purpose, and collect OSS project collaboration
related projects faster, as well as benefiting othgata, as will be explaindd the data subsection. We,
developers working on similar project tasks. In thighen, use regression method and define dependent,

way, developers within each group have quickghdependent and control variables, as will be ex-
transfer of information and contribute to the samglained in the measurement subsection.

project tasks. This helps to improve those existin@_l Data.We collected the data from the website

projects, which attracts more developers to join t SourceForge.net, which is the largest reposito-
group, but of course this does not reject the possmll— of OSS projects. Crowston et al. (2004) indi-

ity of new project creation within the group. Thereg,iaq that at the time it contained more than

fore, we propose the following hypothesis: 150,000 projects and more than 1,600,000 project
Hypothesis 1 (H1): Intra-group coupling has a posidevelopers. SourceForge currently hosts over
tive impact on group growth. 430,000 open source software projects, which are

Second, we intend to investigate the impact of iﬁ:_ategqrized into_ several categorigs such as Al.Jdio

tra/inter coupling on group innovation. Thereforeaggsv'deDoe’vzl%s'rr;qe;ft anﬂiﬂfrpgﬁg’ Cé&@:t?(')cna'

we answer the question “Does intra/inter group cous_ p " . . '
sames, Graphics, Science and Engineering, Secu-

pling have an impact on OSS project group innov ity and Utilities, System Administration.

tion?” As mentioned earlier, developers can explmr . . o
ourceForge gives grogpas an identifier for

a variety of projects in other groups by contributin . g .
to the same project tasks as other group memb I%c_h project. In fact, Source_Forge administration
signs id for any new project; moreover, new

(inter-coupling). This leads to access to other varf>

ous projects, and this facilitates diffusion of ideag]gmbers/developers are added by the group ad-

between the two groups, which leads to new projeg{lnistrator based on relevancy and of course his

creation. Of course this does not reject the possib@g r?t?{nllrc])t\(/ee:(ra?/\t/hﬁsisaaprrr?é?ﬁlg:rd(r;lE:it:)a:tﬂgropnrijgi?
ity of new developers joining existing proj with-
ty of new developers joining existing projects wit nd what they can do. We downloaded data

in the group. Therefore, we propose the followin groun,, tasks, projeck and uses) for January

hypothe5|§: . 2013 and January 2014 from SourceForge reposi-
Hypothesis 2 (H2): Inter-group coupling has pository based on  multidimensional  table.
tive Impact on group innovation. Downloaded data include 10.000 users.

There is a trade-off between the effects of sparse and They are in random, because those users belong
dense network structures on innovation. As mentioned 5 random projects or group.

above, Ahuja (_200_0) inve_stigated the effect of strug- Any additional group user is added to the group
tural holes on firm innovation, and reported a trade-off by the administrator.

between dense and sparse network structures. IN&r- gach yser selects what project to initiate, or de-
group structural holes are defined as the number of ¢ijge which project task to contribute to.
opportunities for developers to contribute between two _ _ _

connected groups. This leads to a positive impact & order to find out the relationship between the
group innovation; however, it is predicted that similai€lds: groug, tasks, projeck and uses, as seen in

to Ahuja’s conclusion on a trade-off between dendddure 4, we organize the graphs based on differ-
and sparse network structures, there is a trade-off §8C€S ofshared users, shared projects and shared
tween impact of inter-groupoupling and inter-group 1@Sks where group is represented by g, ugeby u,
structural holes on group innovation, as more intéPrCi€Cl by p, and taskby t.

group coupling means more communication channed$ shown in Figure 4.anon-zero values for shared
and, therefore, fewer opportunities for developer consers w.r.t. groug), one user (indicated by ul=u2) can
tribution. Therefore, weropose the hypothesis that: contribute to the same task (shown by t1=t2) and dif-

Hypothesis 3 (H3): Inter-group structural hole haderent projects (denoted by pi2), intra-groups
a positive impact on group innovation. (shown by g1=g2) or inter-groups (shown by-ga).

Hypothesis 4 (H4): There is a trade-off between tHeigure 4.b (gl=g2, ul=u2, #2, plep2) implies
impacts of inter-group structural hole and inter-that one user can contribute to different tasks, as
group coupling on group innovation. well as different projects intra or inter groups.
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