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ABSTRACT
Recent studies have been trying to better understand ge-
ographically distributed software development which is in-
creasing from year to year. Analyzing Free/Open Source
Software (FOSS) communities would help us obtain useful
insights for distributed software development, because some
FOSS communities already have tremendous success in a
distributed environment. Our prior study analyzed an in-
formal social structure in the Apache community. In this
paper, we describe a comparison study which analyzes in-
formal social structures in the Apache community and the
Netscape community, with a focus on participants who be-
long to both developer and user groups and who assist the
collaboration between them. We perform a static analysis
for looking at an informal social structure in a single period
and a dynamic analysis for observing the transition of the
structure over time. As a result, we have found that one
of the key factors for the success of distributed software de-
velopment such as FOSS development was the existence of
highly motivated participants who help developers and users
collaborate closely with each other.

Categories and Subject Descriptors
H.5.3 [Information Interfaces and Presentation]: Group
and Organization Interfaces—Collaborative computing,
Computer-supported cooperative work, Web-based interac-
tion

General Terms
HUMAN FACTORS

Keywords
FOSS community, geographically distributed software devel-
opment, informal social structure, static and dynamic social
network analysis

1. INTRODUCTION
Software development in Free/Open Source Software (FOSS)

communities has received more attention in recent years,
since successful FOSS communities have been developing
high reliability and high performance software. FOSS devel-
opment is an example of geographically distributed software
development in which developers around the world commu-
nicate with each other. Analyzing a communication struc-
ture in FOSS development communities would help us bet-
ter understand distributed software development and gain
useful knowledge of it.

Many studies reported analyses of actual communications
among developers in FOSS communities [1, 2, 9, 10, 15].
Howison et al. analyzed an informal social structure formed
by developers in FOSS communities [2, 9]. They found that
many FOSS projects had a few core developers who partic-
ipated in a project for substantial periods of time and that
the central participants in large projects did not change.
Bird et al. examined the correlation between centralities
and Apache developers’ contributions from developer mail-
ing lists and the change history of source codes [1]. The anal-
ysis results indicated that developers communicating with
many other developers contributed further to source code
changes.

While many studies observed developers’ communication,
[19, 24] suggested the importance of users’ roles and col-
laboration between developers and users in FOSS develop-
ment. Raymond et al. [19] pointed out that users in a
FOSS community played an important role as co-developers
due to the fact that a considerable use of software products
by many users can lead to defects detection for the products
and then the improvement of their quality. Ye et al. [24]
indicated the importance of Legitimate Peripheral Partici-
pation (LPP) [14] for FOSS users. Users begin to have a
sense of belonging to a community through mutual learning
among the users themselves and then gradually undertake
more important roles in the community. For instance, a user
might only use a software product as an end-user at first,
but then begin to report bugs and/or submit patches to fix
the bugs through LPP.

Although the literature has been discussing the impor-
tance of users’ roles and collaboration between developers
and users, few studies have reported on how the informal
social structure formed by developers and users affect col-
laboration in distributed software development. Specifically,
our research questions in this paper are as follows; What
kind of roles do the key participants play in a FOSS com-
munity? and Who is the central participant in an infor-



mal social structure? This paper describes our case study,
which analyzes informal social structures in FOSS commu-
nities with a focus on participants who belong to both devel-
oper and user groups and assist the collaboration between
them. We perform a static analysis for looking at an infor-
mal social structure in a single period and a dynamic anal-
ysis for observing the transition of the structure over time.
Moreover, while our prior study [13] aimed at understand-
ing the informal social structure in the Apache community,
this paper describes a comparison study on the differences
in informal social structure between the Apache community
and the Netscape community.

This paper is organized as follows. Section 2 summarizes
the related research. Section 3 illustrates the informal so-
cial structure formed by developers and users. Section 4
describes the analysis perspectives and used metrics used in
this case study. Section 5 is our case study and Section 6
discusses the results of case study. Finally, we conclude this
study in Section 7.

2. RELATED WORK
Up to now, many studies have analyzed software develop-

ment practices to obtain a clear understanding of distributed
software development [3, 10, 15, 21]. Mockus et al. [15] in-
vestigated some assumptions regarding FOSS development.
Using CVS logs and bug report data, they have revealed
that only 4% of Apache developers contributed 88% of added
lines of code and 66% of fixed defects. Mockus et al. [1] in-
vestigated some assumptions regarding FOSS development.
German et al. [5] also reported similar results for the Ximian
project. Herbsleb et al. [6, 7] analyzed data of modifica-
tion requests in a change management system and compared
communication patterns in distributed development to pat-
terns in co-located development. They have found that dis-
tributed software development took much longer and require
people than that in co-located development. These studies
revealed practices of distributed software development based
on a quantitative analysis of the data accumulated during
software development (such as change history of source code
and bug reports). In this paper we also perform a quanti-
tative analysis using the data of communication history of
mailing lists and newsgroups. While the studies cited above
focused on development practices of developers, we look at
collaboration between developers and users, informal social
structures formed by them, and key participants for the col-
laboration between them distributed software development.

In contrast with the quantitative analysis of distributed
software development, there also exist qualitative studies
on distributed software development in FOSS communities.
Jensen et al. [10] illustrated role migration and advance-
ment processes in FOSS communities including the Apache
community, based on qualitative and ethnographic methods
for the analyses. Nakakoji et al. [16] and Ye et al. [24] care-
fully observed developers’ activities in FOSS communities
and then modeled the motivation of FOSS developers and
the evolution patterns of FOSS communities. These studies
are helpful for understanding the whole picture of organi-
zational structures in FOSS communities, but provide lit-
tle knowledge of informal social structures formed by FOSS
developers and users. So we analyzed the informal social
structures in FOSS communities, especially focusing on co-
ordination processes in distributed software development.

Some studies [1, 2, 8, 9] based on the Social Network Anal-

ysis (SNA) [20, 22] approach have investigated informal so-
cial structures. SNA provides both a visual (qualitative)
analysis and a mathematical (quantitative) analysis of re-
lationships among people. Hossain et al. [8] analyzed the
coordination ability of employees in a large corporation us-
ing techniques of text mining and (one of metrics in SNA)
Freeman’s centrality [4]. Applying the techniques to email
data in the corporation, they found that employees with
high coordination ability had high centrality. Yamauchi et
al. [23] described how distributed developers coordinated
their activities and how electronic media were used in the
coordination by analyzing the mailing lists of the FreeBSD
Newconfig community and the GNU GCC community [23].
Howison et al. [2, 9] constructed network structures from
thread trees in bug report data and analyzed relationships
between bug reporters and centralities. After comparing
five FOSS projects, they concluded that larger projects had
key developers who kept participating in a project for sub-
stantial periods of time. We also extracted informal social
structures from communication history data in online media
such as mailing lists and newsgroups and we analyzed the
structure based on SNA. While the studies above and our
pilot study [11, 18] mainly analyzed the data from devel-
opers’ mailing lists, the case study in this paper uses data
collected from mailing lists and newsgroups in both a de-
veloper group and a user group in order to see coordination
and collaboration processes between developers and users in
FOSS communities.

3. INFORMAL SOCIAL STRUCTURE IN
FOSS COMMUNITY

Since, in general, participants in FOSS communities are
geographically distributed, they rely heavily on online media
as a way to communicate each other. So the history of com-
munications among participants via online media such as
mailing lists, newsgroups and bulletin board systems helps
us extract the informal social structure of participants in
FOSS communities. In this paper, we define the informal
social structure as sender-receiver relationships in online me-
dia. Figure 1 is an example of the informal social structure
in a FOSS community. The left side of Figure 1 shows a
thread tree in online media and the right side is a network
structure constructed from the thread tree, nodes and edges
representing message senders and replies respectively. For
example, if participants B and C repliy to a message sent by
participant A, edges are linked from nodes B and C to node
A. In this way, we can represent and analyze the informal
social structure in FOSS communities as network structures.

In a FOSS community, there are different types of partic-
ipants (e.g., developer, tester and user), and subgroups. By
using online media, technical matters (for instance, topics
related to new features and/or defects of FOSS products)
are discussed in a developer group, Q&As about software
use is discussed in a user group, and so forth. Figure 2 illus-
trates an example of the informal social structure formed by
two subgroups in a FOSS community. Pdev (yellow node) is
a participant who had sent a message to the developer group
(the left circle in the figure); Pusr (blue node) is a partici-
pant who had sent a message to the user group (the right
circle in the figure); and Pd∩u (red node) is a participant
who had sent to both the developer group and user group.
By discussing topics within each subgroup, participants of
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Figure 1: Construction of an informal social struc-
ture.

subgroups can efficiently share relevant information among
themselves.

However, even if for instance, Pusr in the user group dis-
cussed useful ideas which might improve the quality of soft-
ware products, Pdev in the developer group would not no-
tice the ideas. As a result, the ideas would be buried in
the communication logs of the user group.f Therefore, Pd∩u

who participates in the both groups has the important role
of transmitting feedback from users such as feature requests
and/or defect reports sent to developers. In parallel, Pd∩u

also has a role of user support because as a develoer s/he is
knowledgeable about developed software as a developer. We
take into consideration that Pd∩u who transfers information
discussed in one group to other group, is largely involved in
facilitating communication and collaboration among partic-
ipants in the FOSS community, which means that Pd∩u has
a strong influence on the informal social structure. In this
paper, we focus on the role and network structure of Pd∩u

for these reasons.

4. ANALYSIS METHODOLOGY

4.1 Perspective of Analysis
We can analyze the informal social structure formed by

a FOSS community based on the following two perspectives
on complex social networks.

4.1.1 Static Perspective
By statically capturing the informal social structure at

certain points in time, we can examine the state and char-
acteristics of the structure in detail. From this perspective,
the informal social structure can be analyzed by using visual
representations of the structure and metrics used in SNA.
In this paper, we analyze the characteristics of the informal
social structure itself and the coordination ability of each
participant in the structure.

Furthermore, a FOSS community such as in Figure 2 can
be seen to have three kinds of informal social structure. An-
alyzing Pd∩u in each network, we can better understand the
role of Pd∩u as a bridge between developers and users.

• all-participants network formed by Pd∩u, Pdev and Pusr

(a FOSS community in Figure 2).

• developers network formed by Pd∩u and Pdev

(a developer group in Figure 2).

• users network formed by Pd∩u and Pusr

(an user group in Figure 2).

deve loper g roup

FO S S  com m unity

user g roup

Figure 2: An example of an informal social structure
in a FOSS community.

For static analysis of the informal social structure in the
FOSS community, we use the average path length L and the
clustering coefficient C that are widely used for measuring
the complexity of network structure (L and C are described
in Section 4.2).

We can also use Freeman’s centralities [4] as a metric to
see coordination ability. As Hossain et al. [8] reported the
analysis results of the social structure in a large company
based on email data, showing a significant correlation be-
tween coordination ability and Freeman’s centralities (De-
gree, Betweenness and Closeness). Hossain et al. also found
the highest correlation between the coordination ability and
Betweenness Centrality, which is one of Freeman’s centrali-
ties and a metric for indicating the degree of intermediation
among people.

However, Howison et al. [2, 9] argued that Betweenness
was not suitable for analyzing the informal social structure
constructed using mailing lists data or newsgroup data, be-
cause such data are open to the public so that people can
share information (i.e., a person does not need to trans-
fer information from one person to another person). For
this reason, Howison et al. used Degree Centrality for their
analysis of FOSS communities. Degree Centrality is a value
of a normalized degree (the number of edges) according to
network size (the number of nodes). Degree Centrality is
essentially the same as degree when comparing two nodes in
the same network or the same scale network. For simplicity,
in this paper, we use degree as a metric for the coordination
ability.

4.1.2 Dynamic Perspective
Anyone can freely participate in a FOSS community and

they can discuss freely and exchange ideas on an equal foot-
ing. For this reason, the informal social structure formed by
participants in a FOSS community constantly changes over
time. In order to analyze this living network, not only the
static analysis described earlier, but also a dynamic, time
series analysis is required. In the dynamic perspective on
networks, we analyzed changes in the informal social struc-
ture and the coordination ability of Pd∩u over time. Since
it was difficult to analyze all Pd∩u in large-scale networks
in all period of time, we selected the top 5 Pd∩u those the
highest degrees, and analyzed them in a time series.

4.2 Network Analysis Metrics
This section describes the average path length L and the



(a ) (b )

Figure 3: An example of metrics for analysis.

clustering coefficient C used in our analysis.

4.2.1 Average Path Length
The average path length L is defined as the average num-

ber of steps along the shortest paths for all reachable pairs.
When the average path length of node vi is Li and the num-
ber of nodes is n, L is defined as follows.

L =
1

n

nX
i=1

Li. (1)

Generally, a network with small L is highly efficient in
distributing information. However, since the informal so-
cial structure targeted in this paper is defined using data
from open media such as a mailing list, it differs from gen-
eral information transfer networks. Figure 3 is an example
of L and C in two networks. There seem to be intensive
discussions among five participants in Figure 3 (a). As a
result, the value of L in Figure 3 (a) is low compared to
that in Figure 3 (b). In this paper, we consider L to show
not the efficiency of information transfer but the degree of
concentration of discussions among participants.

4.2.2 Clustering Coefficient
The clustering coefficient Ci of node vi is the proportion

of links between two nodes which are linked to vi. This
means that Ci is the proportion of triangles among any three
nodes. The clustering coefficient C of the whole network is
the average number of Ci defined as follows:

C =
1

n

nX
i=1

Ci. (2)

In Figure 3 (a), there are five participants that have only
one edge (they do not from triangles with other partici-
pants). Because Ci of the participants who linked with them
are low, C of the network (a) is lower than (b) as a results.
Although the network is separated into two clusters in the
case of Figure 3 (b), the ratio of nodes connected with each
other is high and so C of the network (b) is higher.

In this paper, we consider C to show how many partic-
ipants know each other. Note that, although we calculate
C in developers network and users network, we do not cal-
culate C in all-participants network. C is not suitable for
applying to a network that contains Pd∩u, Pdev and Pusr,
shown in Figure 2, because Pdev and Pusr belong to differ-
ent networks, that is to say, a direct edge between Pdev and
Pusr (a triangle of Pd∩u, Pdev and Pusr) does not exist in a
practical sense.

Table 1: Statics of the two analysis perspective.
Apache Netscape

static period 2005/12 2002/08
analysis # participants 683 1,058

# messages 4,068 3,509
dynamic period (from) 2001/11 1999/09
analysis period (to) 2007/09 2007/02

# participants 12,710 23,386
# messages 112,143 91,363

4.2.3 Average Number of Edges
The average number of edges 〈k〉 of each node is a funda-

mental metric in social network analysis. 〈k〉 is defined as
follows.

〈k〉 =
1

n

nX
i=1

ki. (3)

5. CASE STUDY
This section describes our case study, in which we used

communication history data collected from two well-known
FOSS communities, the Apache HTTP Server community
and the Netscape Browser community. We compare the in-
formal social structures of the two communities.

5.1 Target Community
Apache HTTP Server and Netscape Browser are very pop-

ular FOSS.

• Apache HTTP Server1:

As of February 2008, Apache had a dominant share,
50.6%, in the world’s HTTP server market [17]. The
Apache community has been developing three major
versions in parallel, and they continue to release many
security patches. Apache HTTP Server is widely rec-
ognized as high quality and reliable software.

• Netscape Browser2:

Netscape is a Web browser software which dominated
with 80% of the browser market at its peak in 1996.
Influenced by a study by Raymond [19], the Netscape
community decided in1998 to open its source code in
order to pit Netscape against Internet Explorer. The
community, however, could not win back its market
share. In the end, the Netscape community announced
a halt to software development and user support on
March 1st, 2008.

5.2 Data Source
The history of communications in Apache and Netscape

were collected from online media used for public discussions.
Apache used mailing lists and Netscape used newsgroups.
We considered that there is little difference between the two
media for our purposes of analyzing informal social struc-
ture. The difference between mailing lists and newsgroups
is in how messages are received. In the case of a mailing
list, messages are automatically distributed to users’ mail-
boxes if users subscribe to a mailing list in advance. In case

1http://httpd.apache.org/
2http://browser.netscape.com/



Table 2: Network analysis metrics when a period of
each major version was released (static analysis).

Apache Netscape
(Pd∩u) (Pd∩u)

all # nodes 661 (24) 1,022 (38)
participants # edges 1230 (720) 1,600 (221)

〈k〉 1.861 1.566
L 3.339 4.576
C 0.104 0.083

developers # nodes 131 (24) 319 (38)
# edges 431 (302) 375 (121)
〈k〉 3.290 1.176
L 2.757 6.643
C 0.212 0.037

users # nodes 554 (24) 741 (38)
# edges 861 (540) 1246 (154)
〈k〉 1.554 1.682
L 3.308 3.112
C 0.085 0.101

of newsgroups, users need to choose and receive messages
by themselves. The difference has little effect on the analy-
sis of the informal social structure, which is formed by the
history of message sending. Moreover, though our analysis
period coincides with the decline of newsgroups, there is no
published indicating that the Netscape community shifted
to other media, such as mailing lists.

Table 1 shows the number of unique participants and the
number of messages for our analysis. For the static analysis,
we selected the data when the major versions were released
(Apache: ver.2.2.0, Netscape: ver.7.0). For the dynamic
analysis, we used all the data we could collect. Since many
discussions go on for more than a month, we used a time
window with month m and m± 1 [9].

For instance, when we refer to the network structure in
May, this means that the structure is defined by using data
from April to June.

5.3 Result

5.3.1 Results of static analysis
For the static analysis, we used Pajek3, an excellent tool

for large network analysis. It is widely used for visualizing
large-scale networks and calculating metrics. As a graphing
algorithm of a network, we used the Kamada-Kawai algo-
rithm [12] that is one of the spring layout algorithms. Note
that, in the drawing of each network, we exclude nodes with
no edge (i.e., a message was sent but there was no reply) in
order to simplify the image since each network is very large
and complex.

Figure 4 shows informal social structures in each FOSS
community. The left side in Figure 4 shows Apache’ net-
works and the right side shows Netscape. The top in Figure
4 shows the all-participants network (Pd∩u, Pdev and Pusr),
the center shows the developers network (Pd∩u and Pdev),
and the bottom is the users network (Pd∩u and Pusr). Node
size indicates the number of degrees (a node with many edges
is drawn as a large node). Node colors shows the participant
type as in Figure 2; yellow node (Pdev), blue node (Pusr)
and red node (Pd∩u). The metrics which indicate features

3http://vlado.fmf.uni-lj.si/pub/networks/pajek/
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Figure 5: Degrees of each of the top 15 participants
in descending order of degree (static analysis).

of each network structure are shown in Table 2. The values
in parenthesis show only about Pd∩u.

The order of degrees of each node is shown in Figure 5 to
confirm the specific number of degree, though participants
with high coordination ability (i.e. means has many degrees)
in each network are seen in Figure 4. The x-axis and y-
axis mean the number of degrees and the ranking of degree,
respectively.

First, we describe the difference between Apache and Netscape
regarding the all-participants network (the top side of Fig-
ure 4). The size of network (the number of nodes and edges)
of Netscape is 1.5 times larger than Apache in Table 2.
The number of Pd∩u of Netscape is also larger than Apache
(Apache: 24, Netscape: 34). However, Pd∩u in Apache has
more edges than Pd∩u in Netscape (Apache: 720, Netscape:
221) and has sent more messages. The results are also seen
in Figure 4.

Next, we describe the difference between Apache and Netscape
regarding the developer (Pd∩u and Pdev) network (the center
of Figure 4). Although Table 2 shows that the number of
developers of Apache is half that of Netscape, Apache devel-
opers have more edges, the average number of edges 〈k〉 be-
ing more than twice that of large as Netscape (Apache: 302,
Netscape: 121). The average path length L of the Apache
developers network is the smallest of all networks and the
clustering coefficient C is the largest due to the large 〈k〉.
On the other hand in Netscape, L is the largest and C is the
smallest of all networks. In the Apache developers network
(left center in Figure 4), we seek a high density of many
edges and small nodes with few edges at marginal places.
The network seems rather like a star network in broad per-
spective. Meanwhile, the Netscape developers network is
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Figure 4: Informal social structures in Apache and Netscape (static analysis).



formed by many little stars with one big node and about
ten little nodes. In other words, the structures of develop-
ers networks in Apache and Netscape differ greatly. Figure 5
also illustrates this difference. Apache and Netscape, respec-
tively, have six and three Pd∩u of their top 15 participants
with high degrees.

Finally, we focus on the users (Pd∩u and Pusr) network
(the bottom of Figure 4). The difference between the struc-
ture of the users network in Apache and Netscape cannot be
confirmed in Table 2, because there is little difference in 〈k〉,
L and C. However, in Figure 4, the Apache users network
has a structure where the highest degree Pd∩u is centered
and some high degree Pd∩u form a huge cluster. In contrast,
the Netscape users network has a structure with two large
clusters centered around two high degree Pusr. These re-
sults are also shown in Figure 5. Moreover, there are only
two Pd∩u with high degrees among the top 15 nodes in the
Netscape users network. In other words, the users networks
of Apache and Netscape differ in the type of their central
participants (Apache: Pd∩u, Netscape: Pusr) rather than in
structure.

5.3.2 Results of dynamic analysis
In the dynamic perspective on networks, we focused on the

transition of informal social structures over time. Figure 6
shows the changes in metrics of the all-participants network
over time. The left side shows Apache and right side shows
Netscape. At the top is the number of edges and nodes
and at the bottom the 〈k〉 and L. The vertical dashed line
indicates the period of the static analysis (major version
released).

In case of Apache, the number of nodes reached a peak
around 2002 and has been gradually decreasing since. How-
ever, the number of edges, L and C changed little over the
whole period. In other words, the Apache network is rela-
tively stable in the size and structure. In the static analysis,
we also saw its stability.

In contrast, the number of nodes and edges in the Netscape
network decreased over the whole period. Since 〈k〉 gradu-
ally increased especially from 2000 to 2004, nodes with many
degrees remained instead nodes have few edges decreased. In
the static analysis, we analyzed the period during with the
size of the Netscape network was decreasing.

Next, we describe changes in the ranking over time of the
top five Pd∩u with many degrees. Figure 7 shows changes
of the ranking of PNd∩u(N = {1, 2, ..., 5}). PNd∩u means
the top N of high degree Pd∩u in the period of the static
analysis.

In Figure 7, P1d∩u in the Apache community is on top
for the whole period (for about six years). The top two
and three are occupied by P2d∩u, P3d∩u, P4d∩u and P5d∩u

after 2004. The static analysis suggesting that the network
structure in Apache is stable was confirmed here. Still the
result of the dynamic analysis indicates that a Pd∩u who
links two networks (developers and users) and has a high
communication ability is also shows little change over time
in the Apache community.

In contrast, P1d∩u of the Netscape community maintains
a high ranking only around the period 2002-2004. P2d∩u fre-
quently moves in the ranking and seems to fluctuate, sending
many messages or few in different months. P3d∩u, P4d∩u

and P5d∩u are shown in the graph for only five months. This
means there is no Pd∩u that maintains a high communica-

tion ability over the time while the scale of the Netscape
community decreased.

6. DISCUSSIONS

6.1 Lessons learned
From the results of the case study, we have found the

differences between Apache and Netscape; 1) the developers
networks differ in their structures, 2) users networks differ in
the type of their central participants, 3) the all-participants
networks differ in the lifetime of Pd∩u with a high commu-
nication ability. This section discusses these three results.

The Apache developers network had high C. The density
of about 30 developers, in particular, was very high. It can
be seen that highly motivated developers discuss actively
with each other. The Netscape developers network had a
Q&A structure rather than a discussion structure; that is
to say that the structure was constructed by nodes with
high degree connected to many nodes with low degrees. The
result would indicate that discussions in Netscape did not
concentrate at one point and that, therefore, collaboration
among Netscape developers was difficult because there was
no Pd∩u with a high communication ability.

In the Apache users network, the number of Pd∩u who an-
swers users questions with high degrees was large, and the
network had a structure that allows Pd∩u to absorbs users’
comments and ideas and transmits them to the developer
group smoothly. The users network in Netscape had few
Pd∩u and the structure formed around two Pusr with high
degree. These results indicate that the Apache network en-
joyed more collaboration among participants.

In the case of the all-participants network, Pd∩u in the
Apache network communicated more actively with Pdev and
Pusr than did Pd∩u in Netscape. Developers and users in
Apach seem to have a better relationship. Additionally there
was P1d∩u who has always showed the highest degree seem-
ing to work as a powerful leader with high motivation. The
results also live with a study by Howison et al. [9] that
analyzed developers’ communities.

We conclude that the key factors for the success in geo-
graphically distributed software development such as a FOSS
community are the existence of highly motivated partici-
pants like Linus Torvalds in the Linux community and a
Pd∩u who helps developers and users collaborate closely with
each other.

6.2 Threats to Validity
In this paper, we regarded as message senders/receivers

those whose email addresses corresponded exactly in the
communication history data as a same person. However, we
also confirmed that some persons used multiple email ad-
dresses or changed their email addresses. In the near future
we need to analyze more cleaned data by using, for example,
the email address processing method proposed by Bird et al.
[1] which uses characters before “@” and then considers first
name or last name based on a clustering technique.

We treated an informal social structure as an undirected
graph in our analysis, but we can define directed relation-
ships between message sender/receivers. We attempted to
analysis in consideration of direct edges as in the research
of Bird et al. [1].

In this paper, we compared FOSS communities that de-
velop different types of software products. Although the
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Figure 6: Changes in the four network analysis metrics (dynamic analysis).

2002/01 2003/01 2004/01 2005/01 2006/01 2007/01

7
6

5
4

3
2

1

Apache
degree

rank
perspective 1

2000/01 2001/01 2002/01 2003/01 2004/01 2005/01 2006/01 2007/01

7
6

5
4

3
2

1

Netscape
degree

rank
perspective 1

Figure 7: Changes in degree ranking of the five Pd∩us when the major version was released (dynamic analysis).

Apache community develops HTTP server software, and
many of its users would have some expertise (e.g. as ad-
ministrators of HTTP servers). Netscape is Web browser
software and its users would range from beginners to ex-
perts. The difference in types of users could affect the anal-
ysis of Pd∩u, but we believe that the results of our analysis
can contribute to identifying partially factors of success and
failure of FOSS communities and distributed software de-
velopment, from a perspective different from the study by
Mockus et al. [15].

Moreover, although we focused on Pd∩u who had partic-
ipated in both a developer group and a user group, we are
not clear about whether Pd∩u actually coordinate between
the two groups or not. In our future work, we plan to an-
alyze coordination activities of Pd∩u by applying a natural
language processing technique to bodies of messages sent by
Pd∩u.

7. CONCLUSION AND FUTURE WORK
In this paper, we analyzed informal social structures with



a focus on participants who belong to developers and users
groups and who assist in the collaboration between them.
Our research questions in this paper were as follows; What
kind of roles does the key participant play in a FOSS com-
munity? and Who is the central participant in an informal
social structure? Our findings are the following.

• In case of Apache, there was a single participant who
always has the highest degree. S/he seems to work as
a powerful leader with high motivation.

• There is no participant who has a high communication
ability in Netscape. Therefore discussions in Netscape
do not concentrate at one particular point and then
collaboration among Netscape developers is difficult.
The structure also hinders not good for collaboration
between developers and users.

• The key factors for the success in distributed soft-
ware development such as a FOSS community are, is
the contribution of highly motivated participants who
help developers and users collaborate closely with each
other.

Although we used degrees as a metric for the coordination
ability in this paper, the meaning of message sending to a
developer group is semantically different from message send-
ing to a user group. In the future, we will propose metrics
that represent the coordination ability of the participants to
bridge the two groups.
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