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We develop a model of innovation communities which allows us to address in a sys-
tematic way the influence of users and developers as well as communication between
and within these groups. Based on this model, we derive a formal approach to quantify
communication flows, community activity and community turnover. These measures are
calculated using the data of 100 open source software projects. Our empirical analysis
shows that: (i) Users play indeed a predominant role in communication, which points
towards the vivid role of an active user community; (ii) communication is highly concen-
trated, which points towards the importance of active individuals and (iii) community
turnover exhibits only little correlation with community segregation, which may allow
to benefit from high turnover rates while keeping negative effects small. We argue that
insight from this extensive analysis not only complements existing case studies, it also
provides a reference frame to put these singular results into perspective when aiming at
generalizations.

Keywords: User innovation; innovation community; open source software.

1. Introduction

With increasing technological complexity and dynamics, the need for fast-paced and
cost-efficient innovation grew continuously. As a response, the classical entrepreneur
and firm-centered models of innovation promoted by Schumpeter [27, 28] have been
supplemented with novel, open forms of innovation (see [1] among others). One
major trend is the growing recognition of users: As innovators they at times succeed
where firm research departments fail. The insight that many innovations — for
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example in petrol engineering [8] — originated from users, led to the concept of
“user innovation” advocated by Von Hippel [35]. While it was originally associated
with user-inventors operating in a rather isolated fashion [16, 22, 29], more recent
work started to emphasize the role of communities [11, 37, 38]. Especially in open
source software this “private-collective” nature of the innovations is evident [40].

Fusing user innovation with a community process generates new complexity.
Innovation is accompanied by interaction and the community is actively involved
in developing the product: Governance structures emerge, users assume roles and
collectively take decisions [5, 10, 20, 23]. This leads to a differentiation in the com-
munity. In the simplest case, it is divided into users who also act as developers and
classical users. While the user-developers can directly implement their ideas, clas-
sical users need to communicate to user-developers in order to add to the project.
Therefore, communication within and between both groups is an integral part of
open source innovation communities.

So far, there is limited insight on this communication. Several case studies
employ communication analysis as an auxiliary construct to back related theories.

For instance von Hippel and Lakhani [39] analyzed communication in the
Apache field support system to answer the question: “Why would information
providers voluntarily help information seekers for free?” They found that providers
of help reaped direct learning benefits and that forum activity among participants
was highly heterogeneous with a Gini coefficient of 0.68.a

Another paper by von Krogh et al. [41] investigated the strategies and processes
by which new people join an existing community of software developers in the
context of the Freenet project. Communication analysis played an important role
in identifying stages of joining and joining approaches. It was found that the mean
number of messages per discussion thread was 6.5, and that forum contributions by
users and developers were balanced. Moreover, forum activity was once more very
heterogeneous with the Gini coefficient of authorship being 0.89.

Finally, Spaeth et al. [32] examined source code and newsgroup data collected
on the Eclipse Development Platform to investigate the contribution of private
and commercial development parties. They showed that the “outsiders” invested as
much communication effort in the project as did the founding firm, IBM.

These case-by-case measurements of single projects currently lack a reference
frame. We cannot tell whether a Gini coefficient of 0.68 is high or not or judge
whether balanced contributions of users and developers in a forum are an out-
standing example of innovation communities. Moreover, community dynamics are
likely to influence communication dynamics. For instance, what turnover of com-
munity participants is “normal” for an open source software project and how does
it affect innovation? To address these issues, we present a comparative study of

aThe Gini coefficient measures the degree of inequality and ranges between 0 and 1. If all contri-
butions stemmed from only one person in the group the Gini coefficient would be 1. Conversely if
contributions were evenly distributed, it would be 0. See also Sec. 3.3.
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communication in innovation communities. It provides a reference for future case
studies and may assist in answering questions such as “research should investigate
if projects differ much in terms of turnover among various contributors, and as well
what factors impact on turnover.” Asked for instance in [41, p. 1236].

To achieve this aim, Sec. 2 develops a stylized model of communication and
innovation in open source software communities based on the existing literature. A
quantitative analysis of this model in several open source software projects allows
us to determine the general characteristics of communication in these innovation
communities. The specific measures for this analysis are defined in Sec. 3 alongside
a discussion of the data. Section 4 presents and discusses the specific results with
a list of the measures for each project being available in the appendix. Finally,
Sec. 5.3 discusses the implications of the results and highlights possible avenues for
future research.

2. A Model of Innovation Communities

User innovation has come a long way since von Hippel [35] coined the term. While
user innovators were once mainly professional users, improving their tools and rely-
ing on the manufacturer to take up their ideas, today they are diverse in background,
organized in communities and — in the case of information products — entirely
independent of a manufacturer [37].

In this section, an abstract model is presented to describe the interplay between
the innovating community and the innovation subject. First, the two building blocks
of an innovation community are discussed: The user innovator in Sec. 2.1 and the
user community in Sec. 2.2. In Sec. 2.3, the pieces are put together and present a
concise model of innovation communities. Finally, this model is used to identify the
relevant research questions concerning communication in such communities.

2.1. User innovation

User innovation denotes the fact that important innovations often stem from users
of the product rather than the manufacturing firm. The phenomenon of users as
sources of innovation has first been noted by Enos [8] in petroleum engineering.
Since then cases of user innovation have been reported in more and more sectors.
An extensive analysis and definition of the field can be found in the work of von
Hippel [35].

Figure 1 represents this situation. There are two entities: First, the user u©. The
lower case u© indicates that he or she acts as an individual. Second, the artifact A©
which is subject to singular modification (���). The usage relationship between the
user u© and the artifact A© is symbolized by a solid arrow to express the continuity
of it. To give an example: The wind-surfing pioneer Larry Stanley u© attached
footstraps (���) to his surf board A© to enable jumping. The idea for this innovation
occurred to him naturally, as he is a passionate user of his surf board (←) (see
[29] for details on the case). The usage relationship is of central interest, as it is
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u A
modifies

used by

Fig. 1. Abstraction of the classical user innovation process. A single user, symbolized by an lower
case u© continuously uses an artifact A© (←). The knowledge gained through usage, enables u© to
improve A© via a single independent modification (���). To keep the diagram simple, the original
manufacturer of A© is not shown in this figure.

connected to the acquisition of tacit knowledge about the used product, or “sticky
information” as von Hippel [36] puts it. The existence of this knowledge explains
why in some cases users successfully invent in fields where research departments fail:
As the one applying a product, tool or technology, the user accumulates knowledge
hardly accessible for producers. With the locus of knowledge, shifts the locus of
innovation.

User innovation has been identified in many sectors: Ogawa [22] finds evidence
with convenience stores while user innovation in sports equipment is described,
among others, by Shah [29] and Luthje et al. [18]. Lee [16] adds machine tools to
the list and Morrison et al. [21] study user innovation in the online public access
catalog (OPAC) library system. Finally, personal computing is yet another field
rich in user-innovators [4].

2.2. User communities

Another building block of innovation communities is the user community. In the
“classical” case, ideas and knowledge are exchanged in this community. This fosters
the diffusion of innovation. In most cases the user community is tied together by
the shared interest in an artifact.

Figure 2 delineates this situation. The two entities involved are the community of
users U© and the artifact of interest A©. We use an upper case U© to express multitude
in contrast to the single user in Fig. 1. The community sustains a communication
process (�). The conversations are nourished by the continued usage (←) of the
artifact.

An example of such a user community is the Homebrew Computer Club [19]
which existed at Stanford University during the early days of home computing.

U A
used by

communicate

Fig. 2. Abstraction of the community process. A community of users, symbolized by an upper
case U©), discusses (communication arrow) aspects of an artifact A© which is connected to them by
a relationship of usage. To keep the diagram simple, the original manufacturer of A© is not shown
in this figure.
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Members U© such as Lee Felsenstein, John Draper or Steve Jobs joined meetings
to discuss (�) circuit layouts and programming issues (A©). An online equivalent
hosting discussions on nearly every imaginable topic is the Usenet [30]. These clas-
sical user communities have attracted the interest of many scholars. Contributions
range from prescriptive approaches concerning design and management [13, 24, 44]
to more analytical ones [2, 15, 31].

A notable fact is that often major innovations are not developed in the user com-
munity directly. Instead, members interested in commercializing their innovations
split and thus extend the community by forming a subgroup dedicated to business:
Steve Jobs, Steve Wozniak and Ronald Wayne invented the Apple I outside the
club and stopped attending the meetings afterwards.

2.3. Innovation communities

Several scholars have emphasized the growing importance of communities for user
innovation [11, 37] due to the benefits of specialization. Especially open source soft-
ware development incorporated this combination in the notion of “private collective
innovation” [40]; a fusion of user innovation and user communities. Innovation com-
munities in open source projects often start from an act of user innovation fueled
by a need, not satisfied by existing products. This first step follows the schema in
Fig. 1. Examples are Linux [34], Sendmail and Emacs. The subsequent development
of the artifact marks a shift from lone innovators towards innovation communities
by attaching a user community to the new artifact. For instance, Linus Torvalds
introduced Linux to the world via a Usenet posting. Subsequently, a community
formed and took part in the development process.

Due to the continuous development process of the software sustained by a multi-
tude of individuals, the community is confronted with the following question: Who
should have access to the artifact? While a general read access does not pose a
problem, a general write access is highly problematic. Modifications of the artifact
need to be coordinated and decisions about extensions and architectural changes
need to be taken, to keep the software working and evolving. Different governance
forms have emerged in open source software communities to facilitate these deci-
sion processes [10, 23]. The Apache Foundation — responsible for the Apache Web
Server — established a hierarchical system based on meritocratic principles [9]. In
Linux, decisions are reached through discussions with a number of ‘lead’ developers
including Linus Torvalds himself [33].

Along with governance structure comes a diversification of member roles. Not
all members have the same rights. The write access is generally very restricted and
community members have to prove themselves before gaining the privilege to modify
the common code repository [26]. In general, we observe a division of the community
in privileged members with write access and a large number of classical users with
read access only [6]. For simplicity’s sake, let us refer to the former as developers
and to the latter as users, while not denying that the developers also are user of the
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Fig. 3. Abstraction of an innovation community. A community of developers D©modify an artifact
A©. A community of users U© is attached to this process by communication with the developers
and a usage relationship with the artifact.

artifact. Users and developers are connected by communication. Communication
allows developers to integrate users in the innovation process. Ideas or concrete
contributions from users are taken up by developers acting as gatekeeper to the
artifact. Moreover, communication with developers is a first step for users towards
attaining the status of developers [41].

The resulting innovation scheme is depicted in Fig. 3. We see two sub-
communities: Users U© and developers D©. Both use the artifact A© but only devel-
opers modify it. All relationships between U©, D© and A© are continuous. Two major
differences exist between this scheme and the ones in Figs. 1 and 2: First, the contri-
bution of users to the innovation process is indirect. They first need to communicate
their contribution to a developer, who then modifies the artifact: U©→D©→A©. This
starkly contrasts with the direct nonrecurring modification in Fig. 1 and entails the
second difference: Communication differentiates in communication among users,
communication among developers and communication connecting both sub com-
munities: D©↔U©. There are several open questions concerning this communication.

2.4. Aspects of communication

Based on the previous model existing studies (see Sec. 1) we identify three important
aspects of communication in innovation communities.

(i) Communication flows between D© and U©: This stream of communication serves
two functions. First, it ensures that user ideas and suggestions stand a chance to be
incorporated in the artifact. Second, it provides users wanting to become developers
in the future with an entry point to the community [41]. Strong communication
between users and developers is thus desirable for the dynamics and the viability of
the project. We proxy the strength of this communication by investigating the share
of user-developer communication and by studying how user-developer interaction
within communication threads affect communication (proxied by discussion length
and reply rates). Long discussions generally indicate more complex communication
as opposed to a simple question–answer interaction. High reply rates generally
indicate high involvement and reactivity of the community. Similar measures were
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calculated for the Freenet project by von Krogh et al. [41] to shed light on joining,
and specialization dynamics in the developer community.

(ii) Distribution of communication activity among D© and U©: As mentioned ear-
lier [39, 41], open source forum communication tends to be highly concentrated
with a few individuals. This provides valuable insight into the community’s struc-
ture and viability: A strong concentration of the communication activity on few
authors indicates a more “centralized” community, that has a higher dependency
on individuals but that may well-facilitate decision making. A low concentration
on the contrary would mean that the community is mainly sustained by a crowd of
more or less equally active members.

(iii) Community turnover in D© and U©: In the context of open source software,
turnover plays an ambivalent role: On the one hand, turnover exposes the com-
munity to new ideas and knowledge. On the other hand, turnover is inimical to
integration of community members [3], which should be visible in communication
patterns. Turnover is thus an important aspect of innovation communities and
open source projects in particular. Moreover, a comparative analysis of turnover is
a research gap yet to be filled [41].

3. A Quantitative View on Communication

In this section, the stage is set for a quantitative comparative analysis of communi-
cation in innovation communities. First, data acquisition and filtering are described.
Next, in three separate subsections, empirical measures to quantify the different
aspect of communication presented in Sec. 2.4 are introduced.

3.1. Data sources and filtering

The study is based on data from the open source incubator site SourceForge,b the
largest Internet platform for open source projects worldwide. Two data sources
were tapped. Forum communication allows us to analyze the communication of
users and developers and derive various community metrics. Version control system
logsc include every change to the software and thus indicate who was involved in
the development.

As Howison and Crowston [14] and Rainer and Gale [25] pointed out, the qual-
ity of data from SourceForge is compromised by an overwhelming number of inac-
tive, stillborn or small one-man projects. Thus, we define quality criteria to select
projects with reliable data. The first criterion pertains to the version control sys-
tem logs: All projects with less than one year of development activity and less than

bhttp://www.SF.net.
cIn our case, the CVS logs. CVS stands for Concurrent Version System and is the most widely
used tool to facilitate distributed work on software. For more information see http://www.nongnu.
org/cvs/.
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1000 change events are discarded as they are unlikely to have gathered a viable
innovation community.

Before filtering out projects based on forum activity, we need to know which
types of forums we are interested in. Two forum types are distinguished: Help
forums and open discussion forums. In the latter, general development issues are
debated. They are of major interest as this is the place where user involvement in
the innovation process happens. We thus concentrate on them and exclude all help
forums. This procedure is in line with the analysis conducted by von Krogh [41].

To ensure sufficient data quality, the projects are required to have a one year
history of forum activity and at least 700 messages in nonhelp forums. After filtering
forum and CVS data, our sample contained 100 projects meeting both criteria.d

These projects contain an average of 3530 messages and an average of 16,901 change
events. The average observation period for communication and development activity
in the projects is nearly five years.

On the forum messages of the selected projects yet another filter is applied: All
messages of users posting anonymously under the name “nobody” are excluded from
the analysis. Scanning the data showed that such authors often post spam. Besides
this, they are hardly integrated into the community. In fact, in certain communities
such as the Azureus project, anonymous authors are ignored by other authors.

3.2. Quantifying communication flows (M, m, ρ)

To analyze communication flows as sketched in Fig. 3, two pieces of information
about the messages are needed: First, whether the message initializes a thread
or answers to another message. Second, whether the author is a user or a devel-
oper. While the first information is easily acquired, the classification of the author
deserves a brief discussion.

To begin with, each project is treated separately. To identify the developers
belonging to the project we revert to two sources of information: The SourceForge
project description and the CVS logs. Every author a belongs to the group of
developers (a ∈ D©) if one of the following two criteria is fulfilled: (i) Author a is
listed as a developer on the SourceForge website. This rule only takes into account
current developers. To avoid misclassification of messages by former developers, a
second criterion is added: (ii) Any author a who appears in the CVS change logs of
the projects is counted as a developer. We emphasize that only authors with commit
privileges are considered as developers, authors who are part of the developer team
but without commit privileges are classified as users.

Misclassifications occur when authors change status from user to developer or
vice versa. Yet, these misclassifications are minor. Developers who “retire” from a
project either leave the community or remain developers with reduced contribution.

dThe data has been collected between January and March 2008. The CVS data was directly
extracted from the CVS logs. The forum data was crawled from the SourceForge website. The
SourceForge names of the selected projects can be found in Appendix A.
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Fig. 4. Thread in the forum of the Jung project as seen on the SourceForge website. In this case
e-flat is a developer, the other participants are users.

Either case does not interfere with the analysis. In the case of users becoming
developers, messages posted during the transition will be misclassified. The result
is a slight,e yet unavoidable bias towards developers in the attribution of authorship.

Having classified the authors, communication flows can be calculated. To explain
this procedure, let us consider an example: Figure 4 shows a thread in the open
discussion forum of the Jung project. In this case e-flat is a Jung developer, the
other participants are users.

Both users and developers may initialize new discussions. In the example the
discussion is initialized by the user semiosys. The set of such initial postings is
labelled M∗, using MU and MD to distinguish initial posts from users and develop-
ers. Besides the initial posts, communication splits into four different flows: User to
user, (MU�U ); user to developer, (MU�D); developer to user, (MD�U ); and finally
developer to developer, (MD�D). Equation (1) expresses the communication flows
mathematically while Fig. 5 gives a graphical representation.

M = M∗∪̇M∗�∗ = (MU ∪̇MD)∪̇(MU�U ∪̇MD�U ∪̇MU�D∪̇MD�D). (1)

The answer of e-flat (developer) to semiosys (user) in Fig. 4 is thus counted in
MD�U , that of duelli (user) to semiosys (user) contributes to MU�U and so on.
In total, the discussion is started by a user (MU = 1, MD = 0), e-flat (developer)
replied twice to users (MD�U = 2), no user replied to the developer (MU�D = 0)
and two users (semiosys, duelli) to user semiosys, i.e., MU�U = 2.

D
MD

U
MU

MD→U

MU→D

MU→UMD→D

Fig. 5. A more detailed view of the message flows within an open source software community
consisting of users U© and developers D©. There are four flows generated by answer messages
(MU�U , MD�U , MU�D, MD�D) and two constituting initial posts (MU , MD).

eAn estimate of less than 2% seems reasonable.
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When comparing projects with different numbers of users and developers, abso-
lute values for the message flows are impractical. We therefore use relative message
flows and refer to them as m. In the case of MU , mU is calculated as follows:

mU =
|MU |
|M | . (2)

Similarly, we can calculate m for the other communication flows. For instance,
mU�D denotes the share of user replies to developers in total forum communication
whereas mD�U that of developers replying to users. For the discussion in Fig. 4,
this means M = 5, mD�U = 2/5 = 40% and mU�D = mU�U = 1/5 = 20%. Adding
the share of the initial user post (mU = 1/5 = 20%) completes the description of
this communication excerpt.

One caveat has to be added to the calculation of communication flows: The just
presented measures only catch the publicly observable communication and do not
comprise communication via email, phone conferences, chat rooms and so forth.
This may in particular concern the measure mD�D as developers are likely use a
variety of communication channels to communicate amongst themselves. We argue,
however, that this missing communication is not a thread to the validity of the
presented analysis as the focus of this paper is the entire community with a special
focus on interaction between users and developers. These aspects are well covered
by the public forum communication.

Besides communication flows, average thread length and reply rates are impor-
tant characteristics of forum communication. The reply rate ρU for user postings is
calculated as follows:

ρU =
|M∗�U |

|MU�∗∪̇MU | . (3)

Here, ∗ stands for either U or D, i.e., |M∗�U | considers all messages received by
users. ρD is calculated along the same lines. In the example of Fig. 4 ρD equals
0 as no one answered to the developer messages, and ρU equals 4/3 as the 3 user
messages received 4 answers.

Next, the length of threads, ρ∗, is measured:

ρ∗ =
|M |

|MU |+ |MD| . (4)

To dig deeper we also differentiate between the number of replies a user-started
thread accumulates on an average (ρ∗U ) and the number of replies developer-started
threads accumulate (ρ∗D). Let R ⊆M2 be the reply relation between the messages
in a forum such that if message b is an answer to message a then (a, b) ∈ R. Let
further R∗ be the transitive closure of R. For instance the last message from e-flat
(Fig. 4) is not a direct answer to semiosys’ first posting. It would thus be in R∗,
but not in R. The average length of user initiated threads is then given by

ρ∗U =
|{(a, b) ∈ R∗ : a ∈MU}|

|MU | . (5)
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ρ∗D is calculated along the same lines. If the example in Fig. 4 had been the only
thread in the forum, ρ∗U would have been 4.

3.3. Quantifying communication activity (L(x), g)

To analyze concentration of communication, the Lorenz curve [17] and the Gini
coefficient [12] are applied. First, we define a set of authors a ∈ A. Ma is used to
refer to the messages authored by a while MA refers to the messages authored by
all authors A. Next a contribution ca is defined as the share of messages a wrote:

ca =
|Ma|
|MA| . (6)

The contributions are ordered in ascending order:

k < l ⇒ ck ≤ cl. (7)

Finally, the Lorenz curve L(x) with x ∈ [0, 1] is calculated by cumulating the first
x percent of the contributions:

L(x) =
�x∗|A|�∑

k=0

ck. (8)

L(x) is interpreted as follows: The x percent least active authors wrote L(x) percent
of the messages. If every author writes an equal number of messages, L(x) takes
the form L(x) = x; a straight diagonal line. The area between this line and L(x)
serves as a measure for concentration. Normalized to the interval [0, 1] it is called
the Gini coefficient:

g = 1− 2
∫ 1

0

L(x)dx. (9)

Let us use L(x) and g to measure concentration of communication both among
users and developers.

3.4. Quantifying community turnover (τ)

Users and developers come and go. To estimate this turnover, the concept of active
users (Ut) and active developers (Dt) has to be established. Ut is read as: Users
active at time t. A user is active if he or she posted at least one message in the
“recent past”. In the same vein, a developer is active if he or she committed at least
one change to the code in the “recent past”. Six months are a reasonable choice for
this “recent past”: If a user or developer was not active for more than half a year,
he or she can hardly be called active. Moreover, periods shorter than a few months
would count sporadic contributors erroneously as turnover. Apart from that the
time window is the same for each project thus any plausible choice will do for a
comparative analysis.
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Based on Ut and Dt the turnover of the community can be calculated. It is
commonly measured as the percentage of people leaving a group in a certain period
of time. Accordingly we calculate the turnover in the user community (τU ) as the
average percentage of users leaving the set of active users Ut per period ∆t:

τU =
1
T

T∑
t=0

|Ut−∆t U©t|
|Ut| . (10)

Let t = 0 be the start of the recorded project activity and t = T be the end. ∆t

was chosen to be six months. So, τU = x reads as x percent of the users leave the
community on average every six months. The turnover in the developer community
(τD) is measured based on the sets of Dt following the same scheme.

4. Empirical Results

In this section, the aforementioned measures are put to work. The three sections run
parallel to the three different aspects of communication sketched in Sec. 2.4. First,
findings on of the communication flows are presented. Second, the activity of the
authors is analyzed. The third part of this section is dedicated to the relationship
between community turnover and communication.

4.1. Communication flows between D© and U©
The results on the communication flows and discussion length answer our first
research question and set the stage for further analysis. Figure 6 shows the commu-
nication flow scheme of Fig. 5 with the empirical measurements. The numbers give
the average relative flow volumes in the 100 projects. The dominant flows are the
one within the user community, mU�U with 32.6%, and the flow from developers to
users, mD�U with 24%. It can also be seen that 22.9% of the messages are written
by users to start a new discussion thread. Users thus start 86.1% of all threads. All
in all messages by users make up 62.7% of the total forum communication. This
is interesting, given the fact, that only open discussion forums are considered and
not help forums where user involvement is necessarily high. From the flows it can
also be deduced that users and developers mix quite well: Users receive 42.39% of
the replies to their postings from developers, and developers receive 42.61% of the
replies to their postings from users.

D

3.7%

U

22.9%

24%

7.2%

32.6%9.6%

Fig. 6. Circles represent users and developers, arrows reply messages. Messages starting a new
thread are written below the circles. All measures are shares.

1550006-12



2nd Reading

May 14, 2015 15:5 WSPC/S0219-5259 169-ACS 1550006

Communication in Innovation Communities

0 0.25 0.5 0.75 1
0

5

10

15

20

#p
ro

je
ct

s

0 0.25 0.5 0.75 1
0

10

20

30

40

50

#p
ro

je
ct

s

mD→U mU→D

Fig. 7. Distribution of the shares of communication between users and developers in forum
communication for 100 open source software projects.

Let us now take a closer look at the message flows connecting users and devel-
opers (mD�U and mU�D). Figure 7 shows their size distributions. The flow mD�U

exhibits a broad distribution: For 90% of the projects mD�U lies between 10% and
40%. In comparison, the flow mU�D exhibits a narrow distribution with over 90%
of the projects between 0 and 0.15. This means that developers differ from users
who exhibit a more uniform communication behavior.

Concerning the reply rates, we observe an interesting fact: On the one hand,
user postings receive more replies on average than developer postings: ρ̄U = 0.94
versus ρ̄D = 0.41. On the other hand, threads started by developers spawn longer
discussions on average: ρ̄∗D = 5.49 versus ρ̄∗U = 3.96. At first sight this is counter-
intuitive. A plausible explanation is that developer threads attract users who then
fuel the discussion. A correlation analysis was conducted to test this. The results
are depicted in Table 1.

The average thread length of developer-started discussions (ρ∗D) has a weak neg-
ative correlation with mU , meaning that prolific initial posting by users lowers aver-
age discussion length. Contrariwise, discussion length benefits from a strong flow
from users to developers (mU�D), and interestingly from communication between
developers (mD�D). This indicates that developer-started discussions may benefit
from user involvement as pointed out in the previous paragraph. A quite similar
pattern can be observed for the number of replies to user-started threads, ρ∗U : Again,
there is a negative correlation with initial postings by users, mU . This seems to be
plausible given the calculation of of the reply rate ρ (see Eq. (3)). Nevertheless a
likewise effect is not seen for the share of initial posting by developers, mD. As it

Table 1. Correlations of communication and discussion length.

mU mD mU�U mD�D mD�U mU�D

ρ∗D −0.25∗ −0.12 +0.21∗ −0.03 −0.18 +0.52∗∗
ρ∗U −0.82∗∗ +0.20 −0.09 +0.32∗∗ +0.19 +0.39∗∗

Note: Statistical significance: ∗∗p < 0.01, ∗p < 0.05.
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was the case for the number of replies to developer-started threads (ρ∗D), the of
replies to user-started threads (ρ∗U ) seems to benefit from discussion in the other
subcommunity as well as from users replying to developers. This result is in line
with the average reply rates discussed earlier: It also indicates strong involvement
of users in developer discussions and vice versa.

4.2. Distribution of communication activity in D© and U©
Going beyond the aggregated message flows of users and developers, we focus on
the authors of the messages and present the degree of concentration of commu-
nication activity represented by Lorenz curves (L(x)) and the corresponding Gini
coefficients (g).

Figure 8 shows the Lorenz curves for each subcommunity in the Azureus project.
Only 20% of the developers are responsible for over 95% of the developer activity
in the forums. Also among users, the communication effort is distributed in an
unequal way: 20% of the users write over 75% of the messages. A straightforward
measurement of this concentration is the Gini coefficient g (Eq. (9)). For Azureus
gD = 0.88 and gU = 0.71. As L(x) cannot be shown for all projects, only the
distribution of the corresponding Gini coefficients g are shown in Fig. 9. The Gini
coefficient is high, both for user and developer communities. The averages are ḡD =
0.76 and ḡU = 0.68, respectively. To sum things up: Inequalities in communication
are strong, both among users and developers. A small number of individuals is
responsible for a large part of the communication.

4.3. Community turnover in D© and U©
The results of community turnover are presented in two steps: First the turnover
rates are presented, followed by the results on the correlation between turnover and
communication flows.
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Fig. 8. The Lorenz curves for developer communication (left) and user communication (right) in
the Azureus project.
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Fig. 9. The distribution of the Gini coefficient g in the 100 projects. Left: Among developers.
Right: Among users.
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Fig. 10. Turnover in the 100 projects. Left: τ̄D , turnover among developers. Right: τ̄U , turnover
among users.

In the developer community, on an average, about 15% (τ̄D = 0.15) of the mem-
bers leave every six months. For the user community this value (τ̄U ) is significantly
higher: 84% of the users leave every six months. Even though τD is small compared
to τU , it still is considerable.

Of course, particular projects deviate from these averages. Figure 10 shows the
distribution of τD and τU for all 100 projects. For the user turnover τU , there is
one outlier at τU = 0. This is not an artifact: 13 users were active in the forum
of the project Tigermud for nearly 2 years, until development was stopped on 19
November 2005.

The remainder of this section is dedicated to correlations between turnover
and the other measurements. First of all, turnover among users τU and turnover
among developers τD are not correlated with each other. τU and τD show several
correlations with communication flows and reply rates, though.

In Table 2, the communication flows are correlated with the turnover rates: It
can be seen that high turnover among users or developers goes along with segre-
gation between users and developers, meaning that both subcommunities tend to
interact less. In the case of turnover in the user community (τU ), we see a significant
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Table 2. Correlations of turnover rates and communication flows.

mU mD mU�U mD�D mD�U mU�D

τU +0.38∗∗ −0.11 +0.08 −0.20 −0.01 −0.32∗∗
τD −0.06 +0.38∗∗ −0.20∗ +0.34∗∗ −0.31∗∗ −0.09

Note: Statistical significance: ∗∗p < 0.01, ∗p < 0.05.

Table 3. Correlations of reply rates and turnover for
100 open source software projects.

ρ∗D ρ∗U ρD ρU

τU −0.16 −0.50∗∗ −0.31∗∗ −0.20∗
τD −0.15 −0.15 +0.12 −0.22∗

Note: Statistical significance: ∗∗p < 0.01, ∗p < 0.05.

positive correlation with the share of messages posted by users (mU ). New users
thus increase the share of initial postings. Furthermore, τU is negatively correlated
with the share of messages from users to developers (mU�D). For the turnover in the
developer community (τD) the relation with segregation is even more conspicuous:
Developers start more threads and reply more often to each other (positive correla-
tion with mD and mD�D) while replies to users decrease (negative correlation with
mD�U ).

Besides these segregation effects, high turnover is also connected to shorter
discussions as evidenced by the negative correlations with the different reply rates
in Table 3.

Turnover among users (τU ) is associated with shorter discussions started by
users (ρ∗U ) and lower reply rates both for user and developer postings (ρU , ρD). Then
again, turnover among users (τU ) only correlates weakly negative with the reply
rate to user postings, ρU . Furthermore, the correlation does not imply causation.
Based on the data we are not able to decide whether segregation causes higher
turnover or vice versa. We only know that both go hand in hand.

5. Discussion

The conclusions are presented in two parts: First, implications of the particular
results are deduced. Second, we show how the results serve as a reference frame for
case studies.

5.1. Implications of the results

(i) Communication flows between D© and U©: In a nutshell, users play a predominant
role in communication: 62.7% of the messages are posted by them. In initializing
discussions, users tend to be active while developers are more reactive. Furthermore,
long threads are generated by the interaction between users and developers which
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is generally strong. This shows empirically that a vibrant user community is an
integral part of open source projects.

(ii) Distribution of communication activity in D© and U©: From the average behavior
of community members we should not infer that open source projects are shaped
by a crowd of more or less equal agents. Quite the contrary is true: Communi-
cation concentrates, meaning that communication is shaped by individuals rather
than crowds. Open source software is not a self-organizing accumulation of equally
active community members. The strong concentration both in user and developer
communication thus supports anecdotal evidence of individuals taking lead roles in
a project (see Refs. 26, 42 and 43). Furthermore, our results for 100 projects match
with the concentration value measured by von Krogh et al. [41] in the Freenet
Project. The finding that communication activity concentrates has the following
corollary: It is rather important to acquire several high impact users and develop-
ers. The mere number of contributors (user as well as developers) is secondary.

(iii) Community turnover in D© and U©: The analysis shows that turnover and seg-
regation are associated. This finding adds to an ongoing controversy on turnover:
Raymond [26], for example, sees turnover as a chance to acquire novel ideas from
new members. De Marco and Lister [7], and Brooks [3] on the other side argue
decidedly against high turnover in developer teams as it undermines identification
with the group, nullifies positive effects of specialization and causes a higher orga-
nizational overhead. The positive correlation of turnover with segregation seems to
back the latter opinion. Yet, the correlations are only small to medium in strength.
Furthermore, developer turnover hardly affects reply rates. This means that there
is the possibility to benefit from high turnover and still keep negative side effects
small. Projects in which this is the case would be a worthwhile target for further
case studies.

5.2. Towards a frame of reference

Apart from the specific findings just discussed, we can draw an important conclusion
with respect to research on open source: A lack of strong correlations and the
strong concentration of communication activity on a small number of individuals
entail that no case study is likely to yield results valid for open source projects in
general. At the same time, it means that case studies are valuable and necessary to
fully understand the plethora of existing projects as no general rule will be able to
describe them. Therefore, we argue that large scale quantitative analysis has to go
hand in hand with case study-based research. The following paragraphs exemplify
this synergy.

In Sec. 2.4, we showed that concentration of communication, the share of user
communication among total communication, turnover etc. have been measured by
several scholars in the context of case studies. The problem is that these isolated
numbers are missing a reference frame. The work presented in this paper makes the
first step to establish such a reference.
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Let us take for example the concentrations of communication measured by von
Krogh et al. [41], and von Hippel and Lakhani [39] for the Apache field support
system and the Freenet project: The respective Gini coefficients were 0.68 and 0.89.
We can now augment these pieces of information by comparing them to our sample.
Of the 100 analyzed projects 16% exhibit a lower concentration than 0.68, and only
8% exhibit a higher concentration than 0.89. This implies that the Apache field
support system and the Freenet project are situated on the two opposite ends of
the spectrum. This new information paves the way for new research investigations:
For instance, given now that the Apache field support system and the Freenet
forums differ significantly in concentration of communication activity, it might be
insightful to investigate the causes and ramifications of this fact.

To better support such an investigation, it might prove useful to extend the
reference frame presented in this paper. For instance, different measures were aver-
aged over time. A closer look at the change of these measures over time might
provide further insights. It would allow us to control for project age, and in combi-
nation with additional information such as change effort per software module, for
example, measure the maturity of a project. Furthermore, in this paper we con-
centrated on forum communication, taking our cues from previous publications in
this field [39, 41]. Nevertheless, not all communication in open source projects is
captured by these forums. Other communication channels include mailing lists, bug
reports and wikis. These different communication channels might be used by users
and developers in different ways. Thus, incorporating these alternative channels
into a reference frame certainly broadens its applicability and scope.

5.3. Concluding remarks

In this paper, we shed light on the communication between users and developers
in 100 open source projects. To structure the analysis we developed an abstract
model of innovation communities based on the existing literature. In terms of what
to measure we took our cues from existing case studies: We selected communication
and community aspect which either were idenfied as important by these case studies
and measured, or just proposed to be measured in future research.

The results of our analysis contribute to the current state of research in two ways:
First, the measurements of important communication and community characteris-
tics across 100 projects allowed us to extract general patterns which could have not
been found in a case study. Examples are the high concentration of communica-
tion activity on only a few authors across virtually all projects, or the relationship
between turnover and segregation between users and developers.

The second contribution consists of the establishment of a reference frame for
existing and future case studies. The tables printed in Appendix A allow researcher
to put the characteristics of their project of interest in context. We hope that
especially this reference frame sets the stage for research to come.

1550006-18



2nd Reading

May 14, 2015 15:5 WSPC/S0219-5259 169-ACS 1550006

Communication in Innovation Communities

Acknowledgments

The authors would like to thank the Swiss National Fund for financially supporting
our research on open source software projects (Grant No. CR12I1 125298).

Appendix A. Detailed Results

The tables on the following pages list the raw results of our analysis for each project,
as well as aggregate information such as mean, standard deviation etc., on each
measured aspect. The following abbreviations are used in the tables:

name : SourceForge short name of the project.
changes : Number of events recorded in the change logs.

size : Size of the project as number of files.
msg : Number of messages posted in the forums.
age : Age of the project in days.

mU · · ·mUD : Message flows as described in Sec. 3.2.
ρ∗ : Average thread length in the forums as described in Sec. 3.2.

gU , gD, g : Gini coefficients of the concentration of communication
on authors. See Sec. 3.3.

τU , τD : Turnover rates in the user and the developer community.
See Sec. 3.4.

domain : Application domain of the software as listed on SourceForge.
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