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Abstract—Open source software represents a new paradigm of 
software development based on a subjacent community. It is 
widely accepted in the literature the layered structure of open 
source communities, being the core group the most active 
contributors usually located at the center of the community. 
The tasks of this group include not only an intense activity in 
terms of contributions but also to promote participation among 
the rest of the community members. In this paper, the general 
role of this group is analyzed by modeling communities as 
Social Networks and applying Social Network Analysis 
techniques. Findings related their brokerage activity with open 
source software success. 

Keywords-wireless Open source communities; Virtual 
communities; Social Network Analysis; brokerage role. 

I.  INTRODUCTION 
Open Source Software (OSS) projects constitute a 

prominent example of software development based on 
communities [1]. They are supported by a community of 
developers and users who work in geographically distributed 
locations, rarely or never meet face to face, and coordinate 
their activities making an intense use of Internet. 

The wide success of several well known Open Source 
Software (OSS) projects has attracted much attention. 
Software engineering researchers and commercial companies 
alike have been trying to learn lessons from the success of 
OSS and apply some of them to the development of 
proprietary software [2]. However, there is a cruel reality 
that the vast majority of OSS projects fail to take off and 
soon become abandoned [3]. According to the popular open 
source portal, SourceForge (http://sourceforge.net/), most 
OSS projects have ended in failure: 58% do not move 
beyond the alpha developmental stage, 22% remain in the 
planning phase, 17% remain in the pre-alpha phase, and 
some become inactive [4]. Previous studies on OSS have 
been mainly focused on motivation of people participating in 
subjacent virtual communities. Motivations have been found 
to range from problem solving [5] [6], to reputation benefits 
and career opportunities [7] [8] [9]. But a more reduced 
amount of work has been focused on communities’ structure. 
It has been demonstrated that much of the OSS development 
is realized by a small percentage of individuals despite the 
fact that there are tens of thousands of available developers. 
Such concentration is called “participation inequality” [10], 
[11], and it can be explained by the different user profiles of 

open source communities. Consequently, the structure of 
OSS communities is not completely flat as it was claimed by 
the bazaar model of full participation [12]. 

II. OSS COMMUNITIES STRUCTURE 
OSS communities are typically initiated by an individual 

(or group of individuals) who provides systems and 
development components, or their access, as well as 
communication infrastructure. Participants are usually 
volunteers and contributors are not normally motivated by 
traditional economic incentives, but rather by instrumental 
factors associated with fulfilling a need, and by intrinsic 
factors such as enhanced reputation, expertise development 
(learning), self-fulfillment, as well as basic fun and 
enjoyment [13], [14]. The individuals that participate in open 
source software projects are often described as comprising a 
community. The influences that members have on the system 
and the community are different, depending on the roles they 
play. Participation inequality allows the categorization of 
OSS community members into three basic groups [15], [16]: 
• Core members. They are responsible for guiding and 

coordinating the development of an OSS project. They 
are usually involved with the project during a long 
period of time and have made significant contributions 
to the development and evolution of the system. 
Moderators and leaders are included in this group. 

• Active developers. They regularly make contributions to 
the project.  

• Peripheral developers. They occasionally contribute 
with new features to the existing system. This 
contribution is irregular, and the period of involvement 
is short and sporadic. Free riders (people who just are 
seeking answers without making any contributions) are 
also included in this group. 

 
Typically, new members are attracted to an OSS 

community because the system can solve one of their own 
problems. But the community offers the possibility of 
migrating from being a passive user to an active user by a 
process called Legitimate Peripheral Participation [17]. This 
is the process by which a newcomer is integrated into the 
community. New members learn how to function as a 
community member through participation, and acquire the 
language, values, and norms of the community. Learning is 
gradually achieved as an individual moves from being a 
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• Size and interactions: the number of vertices represents 
the number of community members and the arcs 
represent the interactions among them. 

• Density: it is defined as the number of lines in a simple 
network, expressed as a proportion of the maximum 
possible number of lines. The main problem of this 
definition is that it does not take into account valued 
lines higher than 1 and it depends on the network size. A 
different measure of density is based on the idea of the 
degree of a node, which is the number of lines incident 
with it [19]. A higher degree of nodes yields a denser 
network, because nodes entertain more ties, and the 
average degree is a non-size dependent measure of 
density. Finally, density can be measured alternatively 
using an egocentric point of view; the egocentric density 
of a node is the density of ties among its neighbors [25]. 

• Brokerage roles: A broker is a middle node in a directed 
triad (a set of three vertices and the lines among them). 
Different types of brokerage roles can be distinguished 
considering mediation between members of the same or 
different groups. In this context of OSS communities, 
these groups are given by active member and free riders. 
Therefore, two possibilities of mediation can be 
considered as shown in Figure 3. 
 

 
Figure 3. Brokerage roles of a vertex. 

 
• Distance: it is defined as the number of steps in the 

shortest path that connect two vertices. In the case of 
OSS communities, the most relevant vertices are those 
corresponding to the core team of developers. 
Consequently, it makes sense to measure the distance of 
to these vertices. 

• Closeness centralization: it is an index of centrality 
based on the concept of distance. The closeness 
centrality of a vertex is calculated considering the total 
distance between one vertex and all other vertices, 
where larger distances yield lower closeness centrality 
scores. The closeness centralization is an index defined 
for the whole network, and it is calculated as the 
variation in the closeness centrality of vertices divided 
by the maximum variation in closeness centrality scores 
possible in a network of the same size [19]. 

• Betweenness: it is a measure of centrality that rests on 
the idea that a person is more central if he or she is more 
important as an intermediary in the communication 
network [25]. The centrality of a vertex depends on the 
extent to which this node is needed as a link to facilitate 
the connection of nodes within the network. Then, they 

are said to develop a brokerage role. If a geodesic is 
defined as the shortest path between two nodes, the 
betweenness centrality of a vertex is the proportion of 
all geodesics between pairs of other vertices that include 
this vertex, and betweenness centralization of the 
network is the variation in the betweenness centrality of 
vertices divided by the maximum variation in 
betweenness centrality scores possible in a network of 
the same size. This measure allows detecting gateways 
connecting separate sub networks [26]. 

IV. RESULTS 
Several Debian Linux ports to embedded processors and 

environments have been considered to be analyzed using 
SNA techniques. The Debian Project is an association of 
individuals who have made common cause to create a free 
operating system called Debian GNU/Linux, or simply 
Debian for short [27], [28]. Table 1 details the list of 
considered communities.  

Table 1. OSS projects considered in the case study. 

Community Description Years 

Debian port 
to m68k 
(D-68k) 

Motorola 68k port of Debian 
GNU/Linux. Debian currently 
runs on the 68020, 68030, 68040 
and 68060 processors 

98-09 

Debian port 
to ARM 
(D-ARM) 

ARM port for Debian 
GNU/Linux. Debian fully 
supports a port to little-endian 
ARM

99-09 

Debian port 
to ia64 (D-
IA64)

IA64 port of Debian GNU/Linux
01-09 

Debian port 
to Alpha 
(D-Alpha) 

The purpose of this project is to 
assist developers and others 
interested with the ongoing 
project to port the Debian 
distribution of Linux to the 
Alpha family of processors.

98-09 

Debian port 
to amd64 
(D-
AMD64)

Porting Debian to AMD x86-64 
architecture 04-09 

Debian port 
to BSD (D-
BSD) 

This is a port of the Debian 
operating system, complete with 
apt, dpkg, and GNU userland, to 
the NetBSD kernel. 

01-04 

Debian port 
to HPPA 
(D-HPPA) 

This is a port to Hewlett-
Packard's PA-RISC architecture. 01-09 

Debian port 
to Hurd (D-
HURD) 

The GNU Hurd is a totally new 
operating system being put 
together by the GNU group. 

99-09 

Debian port 
to MIPS 
(D-MIPS) 

MIPS port of Debian 
GNU/Linux, able to run at both 
endiannesses 

99-09 
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A social network has been obtained for each one of the 
years listed in the third column of Table 1. The initial year 
for each community is the year in which the community 

exhibited a certain level of activity during the twelve months 
of the year. As a result, 90 social networks have been 
analyzed obtaining a set of SNA features. 
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Figure 5. Community success and core member brokerage role with active members and free riders 

0

200

400

600

800

1000

1200

0 2000 4000 6000 8000 10000 12000

M
em

be
rs

(a)    AvBrCmAm

Members vs AvBrCmAm Lineal (Members vs AvBrCmAm)

0

200

400

600

800

1000

1200

0 200 400 600 800 1000

M
em

be
rs

(b)   AvBrCmfr

Members vs AvBrCmFr Lineal (Members vs AvBrCmFr)

0

5000

10000

15000

20000

25000

0 2000 4000 6000 8000 10000 12000

In
te

ra
ct

io
ns

(c)   AvBrCmAm

Interactions vs AvBrCmAm Lineal (Interactions vs AvBrCmAm)

0

5000

10000

15000

20000

25000

0 200 400 600 800 1000

In
te

ra
ct

io
ns

(d)   AvBrCmfr

interactions vs AvBrCmFr Lineal (interactions vs AvBrCmFr)

Figure 4.Correlations found: (a) Members vs AvBrCmAm; (b) members vs AvBrCmfr; (c) interactions vs AvBrCmAm; 
(d) interactions vs AvBrCmfr 

112



Success in a virtual community could be manifested 
through the level of participation, which can be understood 
as the number of participants and the number of messages 
posted in the community [29]. In this case, the average value 
of community members (NComMembers) and number of 
contributions (Ninteracts) are taken as a measure of a 
community success (see Figure 5). The topology of the 
network is given by indicators such as centrality and 
betweeness. 

On the other hand, the layered structure of virtual 
communities has been extracted using the out-degree value 
as a discriminant criterion [22]. In general, vertices’ out-
degree follows a power-law distribution so the core group 
has been selected as members responsible of more than 50% 
of contributions. However, the mission of the core group is 
not just posting the majority of messages, but also acting as 
brokers or mediators among users. As a difference to 
previous works, it has been distinguished two types of 
brokerage roles: a brokerage role between active members 
(AvBrCgAm) and a brokerage role between active members 
and free riders (AvBrCgFr). Their average values have been 
included in Figure 5 as two more indicators. Notice that 
those communities where the brokerage role of active 
members is devoted to active members are wealthier: If the 
brokerage role of core members is distributed more equally 
between active members and free riders, the contributions 
are less than ten times the number of members.  

In Table 2, the correlations of some indicators are 
measured. The first two indicators are the average brokerage 
roles developed by core members among active members 
and among active members and free riders, respectively. 
Table 2 shows that the maximum correlation value is 
obtained between the average brokerage roles developed by 
core members among active members (AvCmBrAm) and the 
number of interactions. This result highlights the importance 
of the brokerage role played by the core members, and how 
this role can make the community to grow when this role is 
focused on active members.   

The next three indicators are related to the distance 
between core members and the rest of community members. 
Distance-1 refers to the average number of core neighbors, 
considering neighbors as those nodes directly linked with 
core nodes (accessible through one step). Distance-all refers 
to the average number of core neighbors, considering 
neighbors as those nodes directly or indirectly linked with 
core nodes (that is, in one or more than one step). Finally, 
AvSteps is the average number of steps in which community 
members linked with the core group can be accessed. The 
distance related indicators measure the extent to which the 
community is accessible and can be controlled by the core 
group. The AvSteps indicator measures the dispersion of the 
community respect the core group of developers. A high 
value of AvSteps means an indirect connection between core 
group and the majority of community members. Table 2 
results show that community success is promoted as the 
community is concentrated around the core group of 
developers. The activity of the core group also promotes a 
centralized topology of the network, both in terms of 
distance (centrality) and mediation (betweeness). 

Table 2. Correlations found 

Interacts Members Centra-
lity 

Bet-
weeness

AvCmBrAm 0,90* 0,84* 0,42* 0,54*
AvCmBrFr 0,79* 0,77* 0,41* 0,57*
Distance-1 0,85* 0,82* 0,46* 0,61*
Distance-all 0,94* 0,93* 0,45* 0,57*
AvSteps 0,32* 0,35* 0,10* 0,22*

*  Correlation is significant at the 0,01 level (2-tailed). 
 

In Figure 4, the correlations are plotted, showing the 
dispersion of dots in parts (a), (b) and (d), and a better 
linearity correlation in case (c).  

 

V. CONCLUSION 
This paper highlights the role of the core group in virtual 

communities. For this purpose, virtual communities have 
been modeled as social networks, extracting the core group 
by means of the out-degree as a discriminant criterion. 
Several Social Network Analysis indicators have been 
obtained to describe the behavior of the core group. Findings 
emphasize the mediation activity that must be developed by 
the core group, especially in the case of active members.  
From a topological point of view, the success of the 
underlying software is also affected by the extent to which 
community members are linked to the core group. 
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