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Abstract— Online communities are self-organized networks
with a clear core-periphery structure, where most & the
contributions are due to a small group of users knon as the core
group. Although several methods for detecting the are-
periphery structure have been proposed, all of themassume a
pre-defined structure of the core group. However, oline
communities exhibit a wide variety of organizationsand shapes,
and the patterns of behavior of the core group isantinuously
changing. This paper investigates the relationship diween the
global parameters of the community and those of theore group.
Findings reveal that the behavior of the core groupdetermines
the global structure of the community and therefore the
identification of the core group should consider tk global
characteristics of the network in which they are cotributing.

Keywords—core group; social network analysis, topolmdi
properties, Open source software, online commurstie

. INTRODUCTION

Online communities have aroused a great intereshen
research community due to their ability for promgti
collective intelligence and innovation models [12], [3].
However, there is still some ambiguity in the deiom of
online communities, depending on the people or estbj
considered [4]. It is commonly accepted that a uairt
community is integrated by a group of people whq manot
meet one another face-to-face and that exchangedsvemd
ideas through the computers and networks mediaitidn
From a social perspective, Internet-based techiesog
facilitate the construction of personal relatiopshicreating
weak links among geographically disperse individuaho
regularly participate in the online community [6Pnline
communities have also being
organizations, which is a form of cooperation betwe
companies, institutions and/or individuals sharicgmmon
interests and aims [7].

Although online communities represent a
phenomenon, they also exhibit a social structuretu&ly,
online communities are self-organized structuregpebple,
with their own hierarchy that emerges as the conitpun
evolves [8], [9]. In this line, communities can tme@deled as a
graph, with the nodes representing community mesbed
the arcs representing their interactions [10].
representation has led to numerous insights wittrtine

S. L. Toral

E. S. Ingenieros
University of Seville
Seville, Spain
storal@us.es

communities field, borrowing some ideas from ndtaad
information sciences as well as from complex nekwoodels
[11]. A core-periphery structure has been iderdifie many
online communities [12]. This structure is based thie
participation inequality, typical of many online mmunities,
and the Legitimate Peripheral Participation, thast tbeen
described as one of the basic processes that sugper
sustainability of communities. Participation inelifyameans
that only a small fraction of the community membéss
responsible of the majority of contributions [18ading to a
well known network model known as scale-free nekspr
where the contributions of users follow a power law
distribution [14]. The Legitimate Peripheral Papation is
the process by which newcomers can become full raesntir
even experts by learning from more competent gratrs
[15]. Therefore, the core group of the communitgdgeto be
continuously renewed with new members as not athem
are going to be part of the community during ifstime. The
identification of the core group is actually an ngssue in the
research about online communities. This paper ésifed on
the identification of the core group of online commties
using several topological properties of nodes. diheconsists
of identifying which topological properties can biee best
predictors of the core group depending on the dloba
characteristics of the network. This informationoif great
interest to monitor the evolution of communitieslan check
how the Legitimate Peripheral Participation is wngkand
nurturing the core group.

The rest of the paper is structured as followst sextion
reviews the previous works about online communitesl
their core-periphery structure. Section Il introda the case

considered as virtua$tudy based on a open source software communitytlaad

methodology, including the topological charactérsst of
nodes to be considered. Section IV described thairgdyd
results and, finally, section V concludes the paper

social

I RELATED WORK

The open access to online communities attracts roume
members to them, although with different degree of
involvement. As a result, online communities seljanize
attending to three basic categories of members [18]. The

Sucleore group represent the most prolific group of reise

responsible of guiding and coordinating the develept of



the community. They are usually involved with the
community during a long period of time making sfgrant
contributions. Moderators and experts are includedhis
group. The second category is the active membengpgthat
make regular contributions but are not engaged \lith
development of the community. Finally, the lastegaty is
given by the group of peripheral members, that amigke
irregular and occasional contributions, and that anly
engaged with the community during short and speradi
periods of time.

The relevance of the role played by core members i
online communities have been analyzed in severligus
studies [2], [7]. Findings emphasize the mediatotivity that
must be developed by the core group, especialllgércase of
active members [6]. Core members are not only mresipte of
the majority of contributions but they also havetomote the
participation among other group members [18]. Saver
approaches have been proposed to examine the edphgry
structure in a network such as block models [19toke
organization [20], the connectivity of informatiand short
paths through a network [21], and communities @ming
[22].

Despite of the previous mentioned approaches, tbst m
popular notion of core-periphery structure in netwowas
developed by Borgatti and Everett [19], who progose
algorithms for detecting the core-periphery struetun
weighted, undirected graphs. Their approach to dbee-
periphery structure is based on comparing a networla
block model that consists of a fully-connected cared a
periphery that has no internal edges but is fuipreected to
the core. Latterly, other researchers had partialiticized
Borgatti and Everett’s core-periphery structure hmeét For
instance, their approach assume a pre-definedtgteuof the
core group (fully-connected) and it don't considére
possibility of multiple cores. Less restrictive apgches entail
identifying densely-connected core nodes and slyarse
connected periphery nodes [12]. In contrast tcBbigatti and
Everett approach, the nodes in a core are alsomably well-
connected to those in the periphery allowing theiw method
of computing core-periphery structure to identifyultiple
cores in a network considering different possiblerec
structures.

The main limitations of previous methods is thdt dl
them assume certain patterns of connections betttweecore
group an between the core and peripheral memberseter,
the reality is that online community members cotioes
exhibit a wide variety of shapes and densitieshéugh they
typically follow a power law distribution, the expent of the
power law can be very different from one networlatmther.
Our assumption is that the topological propertieshe core
group vary depending on the global characteristitshe
network they belong to. This study is thereforeufsed on the
identification of the local topological propertie$ the core
group in order to check if they are influenced bg features
of the whole network. For this purpose, the fiefjuired step
is obtaining the list of the core group. This isuady a
challenging step: the previous methods only provide
biased estimation of the core group, and they dmonisider
the characteristics of the network in their estioratThe only

possible solution is obtaining a ground truth, vhhimeans
making use of experts to analyze online communiied to
obtain the real core group. As this is a time comigg task,
this study is focused on a small open source softwa
community, mush easier to be manually analyzed.

lll.  CASE STUDY ANDMETHODOLOGY

The case study is based on open source software

communities, which constitute a successful exangflehe
application of online communities to the developmenf
Boftware using collective intelligence. This seatiatroduces
open source communities and the methodology based o
social network analysis.

A. Open Source Software communities

Open Source Software (OSS) projects represent &lnobd
software creation based on the contributions ottigers and
users geographically dispersed but connected tegéthough
shared values and the Internet [23]. As a diffegerio
proprietary software, the source code is availanéd can be
adapted, modified or improved by the public [24]amy
previous studies have been focused on the strucfu@SS
communities [25], [7]. They don't have a flat sttue and
different degrees of involvement are allowed. Fustance,
developers need users to inform their practiced,users need
developers to implement their requests. More sjpadly, it
has been concluded that OSS communities follow r@-co
periphery structure, with a core group of activeedepers in
the inner layer of the structure and less activarsias long as
we move to the outer layers [26]. The identificataf the core
group of developers is a major issue for the salvof the
community, as they have a direct incidence in iitscessful
development [27]. This study is focused on the Bebi
Project, which is an association of individuals wiave made
common cause to create a free operating systeeddakbian
GNU/Linux, or simply Debian for short [28]. More
specifically, the study analyzes Debian port to ARMiling
lists, which  can be publicly  accessible
https://lists.debian.org/debian-arm/. This websitaclude
people interactions since 1999, and they are ozgdnias
threads of discussion. Mailing lists are usefupty in contact
information seekers and information providers, #rely are a
very useful resource for those who need to adapiddeto a
specific processor.

at

B. Modelling communities as Social Networks

Online communities can be modeled as social netsvbyk
representing them as a graph, where nodes ident#rs
posting messages and arcs represent their intemactiVhen
modeling communities, it is important to decide theaning
of interactions. For instance, in the case of theeads of
discussion, threads are initiated by one user ppstimessage,
usually a question, and then subsequent messagegramng
this initial question are aggregated below. Thegiee in this
case is how to establish the links among nodegeheral, it is
cognitively more complex to answer a thread of uksion
than to answer a single message. Answering a thodad
discussion usually requires to read all the previoontent in
the thread to write a coherent answer [29]. Folfapthis idea,



an author posting to a thread was tied to all thhas who
have previously posted to the same thread whentreotiag
the social network. As a result, a directed andieglgraph
was obtained. The direction of the arc is giverthmy flow of
information between two authors, and the value h&f arc

represent the number of times an author is ansgerin

messages in the same or in a different thread.

C. Topological features of networks

Several local and global topological charactersstimf
social networks can be extracted once they are lmddes a
graph. Local characteristics refers to the indigldproperties
of nodes within the network, while global charaistiics refers
to those metrics related to the network as a whiolethis
paper, local characteristics were used as predictbthe core
group of developers and global characteristics wesed to
determine to what extent the core group has adéncie over
the successful development of the community. Tdblend
Table 2 details the considered local and globatufea of
online communities, respectively.

Measure Description

Out-degree Number of arcs sent by a node

Betweenness | Measure of centrality given by the

centrality intermediary role developed by a node.

Closenesss | Measure of centrality given by the distance

centrality to the rest of nodes of the network

Modularity It is based on edge betweenness. Edge:
connecting communities will have high
edge betweenness

Hub Heavily linked nodes in a network. They are
defined as the principal eigenvector of BA
where A is the adjacency matrix of the
graph

Table 1. Local topological characteristics of nodes

Measure Description
Size Number of nodes of the network
Density Number of arcs of the network
Average Average value of the out-degree of nodes in
degree the network
ASP Average shortest path
Diameter Length of the longest path in the network
Modularity Community structure detection based |on

edge betweenness

Exponent of the power law distributig
typical of scale free networks

a coefficient

Table 2. Global topological characteristics of theetwork.

Local features include the out-degree of nodes,chvhi
represent their activity, two different measurescenhtrality,
based on their intermediary role and their distaiocthe rest
of the community, and two measures
connectivity of nodes. Modularity based on edgeveenness
is @ community structure detection method basetheridea
that many networks consist of subnetworks whichdznesely

Finally, hubs represent those nodes of particulaigh out-
degree but connected to those other nodes witlicpkntly
high in-degree. The notion of hubs takes up tha iafea core
group connected with the periphery, as stated hyliazh et
al. (2014).

The global characteristics of the network consgkereral
general issues like size, density or the averaggede of
nodes. The average shortest path and the diaméténeo
network provide information about the cohesion ok t

network. Finally, modularity and the coefficient refers to the
community structure. Thea coefficient was estimated
according to the goodness-of-fit based method deestrin
[30].

IV. RESULTS

The Debian port to ARM mailing lists were extractaud
modeled as a graph using a specific crawler deeelap R.
Each month of the last 13 years was consideredsaparate
network, leading to a total of 156 separate netsioks an
example, Figure 1 shows the network correspondiog t
December, 2012. Each node represents an authqodbted a
message during this month, and the size of nodes wa
represented proportional to its out-degree. Thedegtee is
one of the local topological properties considefed the
identification of the core of the community.
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Figure 1. Mailing list network of Debian-ARM
corresponding to December, 2012.

A panel of experts analyzed each of them, estabtish
those nodes that can be considered as the corp gtmnding
to their level of participation as well as to thentent of
posted messages. This annotation represent thendyriouth
that was used as the dependent variable in thidysflihe
independent variable are the local properties diesmf Table
1. All of them have been calculated using the pgekagraph'
from R.

related to the A binary logistic regression was then performed dach

of the 156 networks, obtaining for each case ttst peedictor
of the condition of being part of the core groupds in the
dependent variable). As the core group usually esgmt a

connected themselves but sparsely connected tor othemall percentage of the community, the dependeriahla

subnetworks, as stated in some related previouskswor

has a high number of zeros (non core members). Kithis of



problems where the dependent variable have a higtbar of
zeros are known as zero inflated problems, and taeybe
solved considering a negative binomial distributidt].
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Figure 2. Topological properties of the core group.

Figure 2 shows the best predictor of the core gifouphe
156 networks considered. For each logistic regoessihe
classification rate (between core and non core neeshbof
each independent variable is calculated, and theachieving
the best prediction results is considered as tbepyedictor of
the core group. There are cases where two or évea bf the
independent variables achieve the same classditagsults.
All of them are then considered as best predictdise
average classification rate was 0.87. Obtainedlteesihow
that three of the independent variables of Tabt®ricentrate
most of the best predictions: Betweenness centrdlitb and
out-degree. It is interesting to notice that clessncentrality
and modularity are not good predictors. This faah de

Diameter 5.00 6.5( 5.00
Modularity 0.28 0.38 0.25
o coefficient 1.90 2.13 1.77

Table 3. Global characteristics of the three subgwup of
networks.

Table 3 details the global characteristics of theed
subgroups of networks. The main difference is agpted for
the value of then coefficient. The property of being a hub
works better as a core predictor when the valua isf high,
which means a core group concentrating a high nurobe
interactions and a network with a clear scale-toedavior.
This result is also supported by a higher valuenotiularity
and density. The 'hub' group of networks have aselarore
group also connected with peripheral nodes. Inreshtthe
out-degree networks are just the opposite: netwavith a
light scale-free behavior, and less densely comaedtinally,
the 'bet' group has intermediate properties redpeitte other
two groups. The rest of global characteristics efworks
doesn't show clear differences in the three gradipetworks,
so they don't have incidence over the behaviorhef ¢ore
group. In summary, the structure of networks ardpthtterns
of activity of the core group are related to eathen OSS
communities are self organized networks and the gooup
activity determines not only the structure of thetwork, but
also drive the successful development of the uwgihegyl
project, as stated in [27]. The 'bet' and 'out-deggroup of
networks are in line with the Borgatti and Everettore-
periphery method, while the 'hub' group consider itiea
proposed in [12] about a core connected to theppery.
Consequently, the identification of the core grosipould
consider the global structure under which theydeeeloping
its activity.

V. CONCLUSIONS

This paper
communities and their relationships with the coreug of
developers. For this purpose, a ground truth of clevelopers

explained because obtained networks are dense metwo Was manually obtained for the proposed case stuly,then

where distances between nodes are short and wheredt
easy to detect sub communities. However, as it ban
visualized in Figure 1, the topology of the netwestkows
significant differences in the out-degree of
Additionally, these networks tend to behave asesdate
networks, which are characterized by the presericeubs.
Finally, betweenness is a different metric of calityy based
on the intermediary role of nodes.

These three variables were used to cluster thaligitoup
of 156 networks in three subgroups. The 'Bet' grasip
integrated by those networks where the best padieas the
betweenness centrality. The 'Hub' and 'Out-deggeeup
contains those networks were the best predictors tveb and
out-degree, respectively.

'‘Bet' 'Hub' |'Out-degree’
Size 50.07 57.66 56.00
Density 843.08 1001.16 954.53
Av. degree 33.07 32.6p 33.07
ASP 2.24 2.45 2.24

used as the dependent variable. Obtained resuts gfat the
best predictors of the core group also identifyesalvglobal
characteristics of the networks they belong to. aAsesult,

nodesmethods for identifying the core group should natlyo

consider one pattern of behavior but different qrat
depending on the global structure of the generalon.
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