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Abstract. Coordination is one of the keys for success of open source
software (OSS) communities, because geographically distributed mem-
bers need to collaborate on their work using communication tools (e.g.
maling list, bulletin board systems, bug tracking systems, and so on). In
this paper, we investigated the informal social structure among develop-
ers and users. We analyzed two mailing lists of developers and users in
the Apache community based on the betweenness centrality, one of the
centrality measures proposed by Freeman. From the results of analysis,
we have found that (1) participants with high betweenness coordinated
activities between developers and users and (2) some of the participants
would have been playing a role of a coordinator in the community for a
long term.

1 Introduction

Today, open source software (OSS) is widely used by both individual users and
users in administrative agencies and educational institutions, since many OSS
products with high functionality and quality can be used for free. Generally,
OSS is developed in OSS communities on the WWW, where developers and
users discuss, share, and realize diverse, innovative ideas on OSS products under
development through using electronic media such as mailing lists and bulletin
board systems[3].

However, the community-based development process is occasionally stopped
or remains stagnant due to some social factor (e.g. dissension among developers,
downturn in users’ demand, emergence of another superior OSS, and so forth).
The cessation of OSS development means end-users cannot take continual, suf-
ficient support from the community, such as bug fixes and functional enhance-
ment. Therefore, system administrators in an organization need to carefully
decide whether they should adopt OSS as an alternative for existing commer-
cial software.

As OSS systems become critical information infrastructure in our society,
many researchers and practitioners are very interested in understanding why
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0SS communities sometimes can achieve a big success and vice versa, how
participants in OSS communities are able to make the community sustainable,
what we can do to foresee whether OSS communities will keep their activities
in the future and so forth. Recent studies have been trying to reveal the process
of OSS development and success factors in OSS communities|[7, 9].

Toward understanding success factors of OSS communities, for instance,
Howison et al. analyzed the informal social structure which is constructed
from communication patterns among developers in OSS communities[6]. One
of their findings was that a long-lived community does not dynamically change
the structure of communications among developers[2, 6]. Raymond pointed out
users’ feedback to OSS products is also an important success factor[10]. Because
feedbacks from users such as requests of new features and bug reports indicate
extent of the demand for their products, responding to such the feedbacks af-
fords developers to feel they are helping to fill social needs. That is, users play
an important role to motivate developers to continuous OSS development.

As Raymond suggested, we also believe that feedbacks from users are much
important as a success factor of OSS development. From this point of view, the
prior study [6] which attempted to reveal the informal social structure in OSS
communities, might be insufficient to understand relationships among develop-
ers and users. In this paper, we investigate the informal social structure among
developers and users, using history data of communications in OSS communities
(e.g. mailing lists).

In what follows, Section 2 introduces the related work. Section 3 explains In-
formal social structure in OSS communities, and Section 4 describes the details
of analysis method. Section 5 provides our case study, and Section 6 discusses
the result of analysis. Section 7 summarizes the paper and presents some future
topics of research.

2 Related Work

Many studies on software development in OSS communities have been reported.
Mockus et al.[9] investigated some assumptions on OSS development using
CVS logs and bug reports, and revealed that only 4% of Apache developers
contributed to 88% of added lines of code and 66% of fixed defects. [5] also
reported similar results about community-driven OSS development. Although
[5, 9] introduced the reality of OSS development from the perspective on soft-
ware production by OSS developers, it did not suggest interactions among OSS
developers (how they collaborate each other and coordinate their activities). In
contrast with these studies, Jensen et al.[7] illustrated role migration and ad-
vancement processes in OSS communities including Apache community, based
on qualitative and ethnographic methods. In this paper, we also analyze an
aspect of OSS development processes in Apache community, especially focusing
on coordination processes in OSS development.
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There already exist some studies reporting on the coordination process in
OSS communities. Yamauchi et al. described how geographically distributed de-
velopers coordinated their activities and how electronic media was used in the
coordination, by analyzing mailing lists of FreeBSD Newconfig and GNU GCC
community[11]. Howison et al. analyzed the outdegree centrality of developers
in 5 OSS communities based on bug report data in a bug tracking system|6]. [6]
showed the majority of communities had a single core developer for long periods
of time and that larger communities do not change core developers, comparing
with smaller communities. Bird et al. examined the correlation between cen-
tralities and Apache developers’ contributions from the developers mailing list
and the change history of source code[1]. The results of analysis indicated that
developers communicating with many other developers more contributed to
changes of source code. Above the three studies engaged in clarifying coordina-
tion and collaboration processes in OSS communities, particularly focusing on
developers’ activities. In this paper, we are interested in analyzing coordination
between developers and users from the reason described previously.

3 Informal social structure in OSS communities

General OSS communities forms a kind of online community. Participants are
geographically distributed and communicate each other through electronic me-
dia such as mailing lists and bulletin board systems (BBS). They can freely
discuss ideas and exchange information on an equal footing, without the in-
fluence of seniority or one’s social position. OSS communities often provide
participants with multiple mailing lists and/or BBS, because diverse topics are
discussed in the community, depending on roles of participants. So, most of
OSS communities have several subgroups (e.g. developers using development
mailing list) to encourage specific discussions.

The informal social structure with above the characteristics can be repre-
sented as the communication network in Figure 1. Here the network is defined
by regarding each node as a sender of a message and an edge as a sender-receiver
relationship. For instance, if participant A sends a message (M) to BBS and
then participant B reply to M, A and B are a sender and receiver respectively
and then they have a sender-receiver relationship. According to individual roles
and purposes of participants in OSS communities, each participant joins one or
more subgroups to communicates with other participants . In what follows, we
call participants who have discussions only in a developers group as Py, , par-
ticipants who have discussions only in a users group as P,s,, and participants
who have discussions in both developers and users group as Pjny-

In OSS communities, discussions in the developers group and the users group
are independent each other by nature. Therefore, the community requires people
who moderately coordinate the activities to keep activities in OSS communities
energetic. We consider that the existence of a person who coordinate activi-
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ties between developers and users (e.g. the center-black node in Figure 1)have
important implications on OSS communities’ activities as a whole.

OSS community

— : connection between participant

Fig. 1. Informal social structure of an OSS community

4 Analysis

4.1 Analysis of coordinators

In this paper, we suppose Pjn, who discussed in both developers and users
groups to be a coordinator who arranges interactions between developers and
users. Especially we consider a coordinator would be a person who strongly
intermediates between them. Pjn, with the high degree of the intermediation
could tightly connect developers and users, and would play a role of coordinating
activities between developers and users. Howison et al have applied the outde-
gree centrality measure to the developers group in Apache, in order to identify
the developers who provide a variety of information with other developers[6]. In
this paper, we would like to analyze and identify the developers who strongly
connects developers and users in Apache. We use the betweenness centrality,
which is one of the centrality measures proposed by Freeman[4], as the degree
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of intermediating between the both groups. Our analysis is composed of the
followings.

Visualizing the informal social structure
Visualizing the informal social structure to understand the whole picture of
the structure.

Calculating the betweenness centrality
Identifying Py, with the high degree of the intermediation between devel-
opers and users by calculating the betweenness centrality for each actor in
the network.

Reading contents of messages
Reading contents of messages which were posted by Pyn, showing high be-
tweenness, in order to confirm whether Pyn, actually coordinates activities
between the both groups, or not.

4.2 Betweenness centrality

The following describes the betweenness centrality measure proposed by Free-
man [4]. Betweenness Centrality Chetweenness(vi) is formulated as below.
22" 2 pin(vi)
Cbetweenness(vi) = ]<’I]:,:—TL (1)
22" 2 Pik

i<k

where n shows the number of nodes in the network, p;; shows the shortest
path from v; to vg, Y. > "pjr shows the number of paths from v; to v, and
i<k
S S ""pjk(vi) shows the number of paths from v; to vy including v;.
i<k

Chetweenness(vi) takes a value from 0 to 1, and a node with higher between-
ness indicates the node which plays a role of an intermediator in the network.
In OSS communities, we can assume a node with high betweenness centrality
would be a participant who strongly connect between other participants. Thus,
if a participant with high betweenness centrality suddenly drops off the project,
other participants might become hard to communicate each other.

5 Case Study
This section describes our case study of the Apache HTTP Server community

which has been developing a web server software product with the biggest mar-
ket share.

5.1 Data Source

In the case study, we used the following archival source of data.
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Developers mailing list
Anyone with an interest in working on Apache development can join this
mailing list, which has been archived monthly since March, 1995. It is mainly
used for discussions on development of Apache, including technical topics
and bug fix.

Users mailing list
Anyone who needs support for the usage of Apache can join this mailing list,
which has been archived monthly since November, 2001. It is mainly used
for users support, including questions and answers about the installation of
Apache and reports about error comments.

We analyzed the two mailing lists above for three months between before
and after the latest major version of Apache (2.2.0) released.

5.2 Data Cleaning

Some of participants in the mailing lists may have several email addresses. So
we need to clean the data to identify such the participants before our analysis.
We have tried to identify the same person in the mailing lists according to the
following criteria.

1. A sender of messages with the same email address and different ”Name”:
If the same email address are used by different “Name” senders such as
“Alice” and “Bobby”, we consider they are the same person.

2. A sender of messages with the same name at “From” and partially the same
address before at mark(@): If two email addresses such as chirs@domainl.com
and chris@domain2.com are used by the same “Name” sender such as
“Chris”, we consider they are used by the same person.

3. A sender of messages with the same name at "From” and different email
addresses: If two email addresses such as daniel@domain3.org and john-
son@domaind.edu are used by the same “Name” sender such as “Daniel”,
we can judge they are used by the same person after confirming the body
of messages (e.g. messages with the same signature).

In cleaning the data, we found 678 unique senders by applying the procedure
1 and 2 to the data. Only 5 of 678 senders match the procedure 3.

5.3 Result of analyses

Informal social structure We visualized the informal social structure in the
Apache community based on the definition described in Section 3 in order to
understand the whole picture of the community structure.

Figure 2 represents the network of the Apache community for the period of
version 2.2.0 released. In Figure 2, developers Py, users P,se., and Pyn, are
positioned respectively at the left, right, and center. We can see there are Pyn,,
with many edges between the both users and developers.
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Fig. 2. Informal social structure in the Apache community

Betweenness centrality We calculated the betweenness centrality of each
Py in the network to identify Pyn, with the high degree of the intermediation
between Py, and P,g... Figure 3 shows the network of the top 5 Pyn, of
the betweenness centrality. Comparing to the two networks in Figure 2 and 3,
we can see the top 5 Py, intermediate between more than half of users and
developers. Counting the number of edges of the top 5 Pyn,, we found that they
communicated with 55 of 112 Py, in the developers mailing list and with 249
of 540 P, in the users mailing list.

Table 1. Statistics of top 5 Pinu

Pldﬁu P2d|"|u P3d|"|u P4dﬁu P5dﬂu median
Betweenness 0.179| 0.044| 0.043| 0.022| 0.019| 0.001
Num. of email 592| 193] 261 127 62 17
Num. of degrees with developers 15 29 33 18 11 2
Num. of degrees with users 189 31 28 19 21 1

Table 1 indicates the statistics value of the top 5 Pyn,. Of the top 5 Pinu,
P1,4n, with the highest betweenness has extremely a larger number of degrees



8 Y. Kamei, S. Matsumoto, H. Maeshima, Y. Onishi, M. Ohira, and K. Matsumoto

§ betweenness| °.° ° - -
centrality

Fig. 3. Informal social structure of the top 5 Panu

with developers (Py), comparing with that of the left Py~,. The betweenness
centrality of the top 5 Pyny is 10 times higher than the median, that means
they intermediate between many developers and users.

Contents of messages We check the contents of messages which were posted
by the top 5 Pyn, to confirm whether they actually coordinated activities be-
tween the both P; and P,s... Five experimenters have judged whether the
messages relate to coordination actions of Pyn,. If more than three experi-
menters judge that a message implied the coordination actions, we decided it
as a message relates to the coordination actions.

From the experimenters’ review of the contents of messages, we have found
that the top 5 Pjn, with the high betweenness centrality coordinated activities
between developers and users. Due to the page limitation of the paper, we only
show a part of the reviews in Table 2, 3, 4.

Table 2 shows a kind of coordinative action, guide of discussions (users
—developers). If developers-related topics were discussed in a users group and
Pin guided them to be discussed in a developer group, we considered such the
action of Pjn, as coordination. For instance, as the case in Table 2, it would
be desirable to be discussed in a developers group, because a topic is about a
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matter of implementation. In this situation, coordination is required for guiding
the discussions to an appropriate place (developers group).

Table 2. Guide of discussions: users—developers

sender dialog notes

user I implemented a module of Apache|The user is asking a question that is on the mod-
on the Windows environment. I|lule development of Apache, to users groups.
want to run it on Linuz.
Plina It should be discussed on develop-|P24n, is guiding the user to the developers
ers’ ML because it is a matter of|group.

implementation.

Table 3 shows a kind of coordinative action, information transfer (users
—developers). If P;n, transferred information which only users had, to a de-
velopers group, we considered such the action of Pyn, as coordination. For
instance, as the case in 3, requests for new features and evaluations of products
should be informed to developers for further development. In this situation, a
required coordination is to inform users’ feedbacks to a developers group.

Table 3. Information transfer: users—developers

sender dialog notes
developer [Some wversions seems not to be|The developer is arguing in the developers group
very popular. that some versions of Apache should be stopped

to be in public because they are not popular
among users.

P3anu I personally received emails from|P34n. is telling the developers the fact that the
users regarding to their versions|versions mentioned by the developers are still
and then I knew the versions are|popular to some extent. He is motivating de-
still popular. velopers to keep the development of Apache by
informing the popularity of the Apache among
users.

Table 4 shows a kind of coordinative action, a request for participation
(developers—users). The shortage of members in one group means that mem-
bers in not only the group but also the developers group have to have a bigger
burden. For instance, the shortage of testers like the case in Table 4 lead to
impose on not only current testers but also developers, because developers have
to engage in both of the development and test of software. In this situation, a
required coordination is to ask users to participate in a group with few members.

6 Discussion

From the results of our analysis focusing on the betweenness centrality, we have
confirmed that the existence of coordinators (the top 5 Py, of the between-
ness)who supports activities of developers and users. However, since the target
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Table 4. Request for participation: developers—users

sender dialog notes

P3anw It is short of testers for some mi-|Because of the shortage of testers who test the
nor OS. We need your contribu-|{some versions of Apache compiled for some minor
tions as testers. OS, P34n. ask the users group to participate in

the testers group. This coordination would con-
tribute to the continuous development by the re-
duction of inordinate burden of developers.

of analysis in the section 5.3 was only the data for three months between before
and after the latest major version of Apache (2.2.0) released, it is not sure if
the top 5 Pyn,, support activities of developers and users only for the analysis
period or also for the other periods. In this section, we look over the transition
of the betweenness centrality of the top 5 Pyn,, for the period from November
2001 to September 2006.

Figure 4 shows the change of the rank order of the top 5 Py, over time. The
x-axis and y-axis indicate the time and the betweenness centrality respectively.
We calculated the betweenness centrality by using the sliding time method[8].
Here, the centrality is calculated by sliding the three months analysis window
month-by-month.

ver.2.2.0
N —X— Plan, | B B9
---'--_ P2dmll4 } i
™ — ---B--- PBdﬁu i }
i P4dﬁu } i
< 7O Poan | |
B
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o - o
B
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Fig. 4. Change of the rank order of the top 5 Pyn. over time

From the Figure 4, we can see the existence of the particular Pjn, who have
been intermediating between developers and users for a long term. The be-
tweenness centrality of P14n, was the highest for the whole period. Though we
did not checked the all messages posted by P1l4n,, we think that the coordina-
tor with consistently higher betweenness such as P14n, keeps on coordinating
activities between developers and users. In the Linux community which is one
of the most successful communities, Linus Torvalds, coordinator of the Linux
Kernel community also has been contributing his efforts to the development of
Linux Kernel since the start of the community (1991). We could think one of
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the success factors of OSS communities is the existence of coordinators who
facilitates and coordinates activities among people in OSS communities.

7 Conclusion and Future Work

In this paper, we investigated the informal social structure among developers
and users, using two mailing lists of developers and users in the Apache com-
munity. The findings of the case study are following.

— participants with high betweenness coordinated activities between developers,
and

— some of the participants would have been playing a role of a coordinator in
the community for a long term.

Here, notice that our results of the analysis are applicable to the data from
the mailing lists used in the Apache community. We need to investigate other
dataset (e.g. history data in bug tracking system) and other communities to
increase the appropriateness of the results. Furthermore, the data cleaning de-
scribed in section might not be imperfect because we did not find a message
sender who used different names at “From” and different email addresses. We
need to sophisticate the data cleaning method in the near future.
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