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ABSTRACT
Many collaboration features in software development tools
draw on lightweight technologies such as tagging and wikis.
We propose to study the role of emergent knowledge struc-
tures created through these features. Using a mixed-
methods approach, we investigate which processes emer-
gent knowledge structures support and how tool support
can leverage them.

Categories and Subject Descriptors
D.2.6 [Software Engineering]: Programming Environ-
ments—Integrated environments; D.2.9 [Software Engi-
neering]: Management—Programming Teams

General Terms
Human Factors

Keywords
Collaboration, Software Development, Emergent, Web 2.0

1. INTRODUCTION AND MOTIVATION
In a typical software development process, developers per-

form numerous activities: they use several tools to develop
software artifacts ranging from source code and models to
documentation and test scenarios, they use other tools to
manage and coordinate their development work, and they
spend a large amount of time communicating with other
members on their teams.

In recent years, the focus of tools for software developers
has shifted towards team-aware tools that support commu-
nication and cooperation in one way or another. As these
tools are brought into the mainstream, balancing support
for formal engineering practices with the social informal as-
pects of a team becomes essential. A key finding from the
Computer Supported Cooperative Work (CSCW) research
community is that tools which ignore emergent work prac-
tices and social aspects frequently fail [8]. Thus, a challenge
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for the software engineering community is to develop tools
that support both aspects.

Balancing formal and informal user needs is particularly
important for task management in a socio-technical system.
Tasks are important cogs in the development process ma-
chine that need to be carefully aligned with one another,
both in what they achieve and in their timing. Since tasks
crosscut both technical and social aspects of the develop-
ment process, how they are managed will have a significant
impact on the success of a project. Software development
environments typically have explicit tool support for manag-
ing tasks. Tasks are assigned to developers, they are classi-
fied using predefined categories, and they may be associated
with other tasks. Some modern integrated development en-
vironments (IDEs) such as IBM’s Jazz [5] draw on Web 2.0
mechanisms such as social tagging, commenting, feeds and
dashboards to support task organization.

These lightweight mechanisms give rise to socially created
emergent knowledge structures. We define emergent
knowledge structures as tangible ad hoc artifacts that are
created as part of informal individual or collaborative pro-
cesses in software development but that are not part of the
software product. There are no prescribed processes attached
to their creation. Previous studies including our study on
tagging [24] have shown that the knowledge stored in these
emergent structures adds significant value to artifacts in the
software development process, and that it gives rise to col-
laborative processes around these structures. Furthermore,
their tangibility enables developers to refer back to them,
unlike oral communication. Social tagging is just one ex-
ample of the lightweight structures that emerge in collabo-
rative software development environments. Other examples
include comments on source code and tasks, wikis, blogging
and micro-blogging, but not source code or documentation.

We propose to study the phenomenon of emergent knowl-
edge structures and the use of these structures in the context
of collaborative software development.

2. RELATED WORK
Work related to this research can be divided into two cat-

egories: Work on social aspects in collaborative software
development, and work on lightweight tool support for soft-
ware developers.

2.1 Social Aspects in Software Development
Software development is recognized to be one of the most

challenging management tasks performed by humans [11].
The larger the systems get and the more complicated the
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compositions of the developing teams are, the more obsta-
cles there are in the way of the release of a software system.
Since most software systems are developed by teams, ef-
fective coordination and communication are crucial to the
success of software projects.

There are at least three strands of research that have con-
sidered the impact of social aspects in software development:
global software development, open source development and
knowledge management. Researchers of these topics rec-
ognize that software development processes are more than
writing source code, and that “articulation work” [14] must
be supported in a software engineering project. According
to Gerson and Star [6]: “Articulation consists of all tasks
needed to coordinate a particular task, including schedul-
ing sub tasks, recovering from errors, and assembling re-
sources.” Other examples of articulation work include dis-
cussions about design decisions, assigning bug-fixing tasks
to developers and deciding on interfaces.

Challenges that arise in collaborative software develop-
ment include managing implicit knowledge [12], maintain-
ing awareness [9] and leveraging expertise [4]. A key result
that has an implication when designing improved tools or
processes is that technical artifacts are often intertwined
and overloaded with social artifacts during a development
project. For example, de Souza et al. [2] claim that source
code is both a social and a technical artifact and that depen-
dencies do not only exist between artifacts but also between
developers. Grinter [7] describes how configuration man-
agement tools are sometimes co-opted for articulation work,
despite the fact that they have significant shortcomings in
supporting this kind of work. She notes insufficient support
for individual developers and teams, and reports challenges
from a lack of representation of the work itself leading to
inappropriate built-in assumptions about the work flow. In
a study on source code annotations, Storey et al. [20] report
that annotations are used to document both technical and
articulation activities.

2.2 Lightweight Tool Support
Emergent knowledge structures are often created through

lightweight tools such as wikis, blogs, tags and feeds. Re-
search on how these tools support social development pro-
cesses is not yet far advanced. After the success of Web
2.0 [16] and its lightweight mechanisms, software developers
and researchers have started to ask how these mechanisms
can be transferred into software development. For the so-
cial aspects of team-based development practices, informal
collaboration and an “architecture of participation” [17] are
promising. As developers [11] and designers [28] are lack-
ing informal tools in their work, researchers and industry
have started to explore how Web 2.0 and the mechanisms
associated with it can be adapted to software development.

Websites such as delicious1, facebook2 and wikipedia3

have found counterparts in software development tools. Do-
gear [15] introduces the idea of social bookmarking for large
enterprises. Codebook [1] uses the approach of facebook for
software development. Developers can become friends with
work artifacts, keep track of dependencies and discover con-
nections using a web interface. Wikis have also been adopted
by software developers [13]. Related to the use of Web 2.0

1http://delicious.com/
2http://www.facebook.com/
3http://www.wikipedia.org/

mechanisms by software developers is the recent trend of
moving the IDE into the browser [18, 27]. A prominent
example is the Bespin initiative from Mozilla Labs4.

Annotating artifacts is one of the mechanisms associated
with Web 2.0. On a fine grained level, task annotations can
be used in programming languages to annotate source code.
These annotations evolve to have different meanings and de-
pend on team dynamics. They support informal individual,
team and community processes in software development [21].
The tool TagSEA [19] extends the idea of annotations be-
yond source code to other artifacts such as files and offers
syntax for social tagging of source code. Storey et al. found
that the added semantic information improves the value of
annotations and supports reminding and refinding [22].

We have also been investigating how tagging is used to
bridge the gap between technical and social aspects of man-
aging development tasks [24]. Our research showed that
the tagging mechanism was eagerly adopted and adapted
by a large development team of 175 developers, and that it
had become a significant part of many informal processes.
Our findings indicate that lightweight informal tool sup-
port, prevalent in the social computing domain, may play
an important role in improving collaborative software de-
velopment practices. In addition, the aggregation of tags
enabled new insights into software development processes
such as the co-occurrence of concerns over time [23].

The concept of emergent knowledge structures is related
to stigmergy, a mechanism of spontaneous, indirect coordi-
nation between agents or actions. Stigmergy refers to the
idea that a trace left in the environment by an action stim-
ulates the performance of a subsequent action, by the same
or a different agent [3]. Studying emergent knowledge struc-
tures goes beyond stigmergy by looking not only at the rela-
tionship between actions, but also at the knowledge that ac-
cumulates from socially constructed, lightweight structures.

To date, there is no comprehensive work on the role and
interplay of emergent knowledge structures. In this research,
we propose to study the role of emergent structures in col-
laborative software development.

3. RESEARCH QUESTIONS
We ask two main research questions with regard to the role

of emergent knowledge structures in collaborative software
development. Specifically we will explore the following sub-
questions:

RQ1 Which software development processes do emergent
knowledge structures support?

(a) How are emergent knowledge structures adopted
and adapted?

(b) Why are emergent knowledge structures used and
which software development roles do they sup-
port?

(c) Which individual and collaborative processes do
emergent knowledge structures support?

(d) How does the use of emergent knowledge struc-
tures evolve over the life cycle of a project?

(e) What is the impact of emergent knowledge struc-
tures on development practices?

4https://bespin.mozilla.com/
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(f) What knowledge do emergent knowledge struc-
tures add to a software development project?

RQ2 How can tools for software developers leverage the
knowledge from emergent knowledge structures?

(a) How is the information derived from emergent
knowledge structures useful?

(b) How can tool support for emergent knowledge
structures be improved?

4. METHODOLOGY AND EVALUATION
To answer the first research question RQ1, we propose

to study software development teams and analyze their
use of relevant features of the IDE. We will study all fea-
tures in state-of-the-art IDEs that support the creation of
lightweight structures. To date, these features include tags
for different kinds of artifacts such as tasks and build results,
task annotations, comments on source code, check-ins and
tasks in task management systems, awareness tools such as
feeds and blogs, and communication features such as email
and chat. For these features, we will study how they are
being used and what role they play in software development
processes.

Our proposed methodology is based on a mixed-methods
approach. Through mining the software repositories of de-
velopment teams we will extract quantitative data on emer-
gent knowledge structures, in particular on tags, comments,
feeds, dashboards, email threads and chat logs. In addi-
tion, through interviews, surveys and ethnography-style ob-
servations on-site, we will add qualitative data in order to
understand why developers generate emergent knowledge
structures and how they are used. We will also analyze
the lightweight structures to help determine what kinds of
knowledge they capture.

Our preliminary work has indicated that the knowledge
created through lightweight structures such as tags is some-
times hard to access, partly because the structures are usu-
ally created to support ad hoc processes rather than as part
of a formal process. Therefore, in our second research ques-
tion RQ2 we aim to explore more advanced search and navi-
gation tools to help software developers use already existing
knowledge structures more effectively. One of our initial
ideas is inspired by CTSearch [10], a tag cloud based search
tool for semi-structured data that was developed to query
clinic trial data. Figure 1 shows an early prototype of our
adaptation of CTSearch. In addition to standard search re-
sults, facets are displayed on the left hand side. We will inte-
grate the ideas we gained from implementing and studying
the use of ConcernLines [23], a tool we developed as part
of our research on tagging in software development. Con-
cernLines aggregates data obtained from lightweight anno-
tations and enables new insights into development processes
over time.

Through user studies with our partners in industry, we will
evaluate if the additional information enhances the process
of finding relevant tasks. We will collect quantitative data,
such as time to find a certain task, as well as qualitative data
obtained through interviews and surveys with tool users.

5. EXPECTED CONTRIBUTIONS
With our research, we aim to assist managers and devel-

opers in their decisions about using informal collaboration

Figure 1: Work Item Search Prototype

tools in their software development projects. This research
is timely as IDEs such as IBM’s Jazz continue to adopt in-
formal collaboration functionalities and as some IDEs are
moving some or all of their functionality to the browser.
Also, software projects are adopting informal collaboration
mechanisms such as micro-blogging outside of the IDE5.

We expect three main contributions:

• Identifying the software development processes that
are supported by emergent knowledge structures.

• Characterizing the knowledge that emergent knowl-
edge structures add to a software project.

• Improving tool support for emergent knowledge struc-
tures.

6. PROGRESS TO DATE
We have already conducted two studies to answer our first

main research question RQ1, and we have developed the
tool ConcernLines [23] towards answering RQ2. We have
also conducted a systematic literature review on studies on
collaboration in software development.

In our first study, we showed that social tags for tasks
in a large software development project of 175 developers
were eagerly adopted and adapted. In particular, lifecycle
management, identification of cross-cutting concerns, cate-
gorization of work and several idiosyncratic processes were
supported by tags. This study was published at ICSE 2009
[24] and follow-up ideas on this work will appear at the NIER
track of ICSE 2010 [26]. In a second study, we examined the
role of dashboards and feeds in collaborative software devel-
opment. We found that dashboards became pivotal to task
prioritization in critical project phases and that they stirred
competition while feeds were used for short term planning.
This study will appear at ICSE 2010 [25].

At ICSE 2010, we are also organizing a workshop on Web
2.0 in Software Engineering (Web2SE). The findings from
this workshop will broaden our knowledge on the role of
informal collaboration mechanisms in software development.
We are currently in the process of developing tools that will
help us answer our second research question.

5E.g., http://wiki.eclipse.org/Twitter
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We will continue to present our results to the community
through venues such as ICSE and FSE.
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