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Abstract

When the requirements in a software system change, we
should notify every contributor who participates in the anal-
ysis, design, implementation, and testing of the requirement
to reduce rework. However, the network of contributors
working on a requirement is constantly changing, making
it not only difficult to seek expertise from other team mem-
bers, but also difficult to send requirements-change infor-
mation to team members.

To promote communication and improve awareness
among contributors working on the same requirement, in
this position paper we suggest using a visual represen-
tation called a requirements-centred–social-network dia-
gram. Using the social-network diagram, a contribu-
tor can learn about another contributor’s communica-
tion patterns around the development of a requirement, or
send requirements-change–awareness notifications to every
member of a team working on the same requirement. This
social network can automatically expand to include con-
tributors who work on a requirement but may not have been
included in a project plan. The requirements-centred social
network therefore captures not only the relationships among
an initial team, but also emergent relationships among pe-
ripheral contributors.

We believe that, by providing visual feedback of com-
munication patterns within a contributor’s expanding so-
cial network and promoting communication among team
members, we can improve awareness of the work done by
other contributors and maintain awareness of requirements
change.

1. Introduction

When building software, the software requirements
specification forms the basis for the design and the code

of the system, and the final product, the software, is ver-
ified against the specification. This process of developing
a requirement may involve the specification and analysis
of the requirement, the design of a software architecture,
programming, and testing. No matter what process a soft-
ware project follows, a large amount of collaboration must
occur among the project members, or contributors, to en-
sure that the artifacts are properly built. A significant bar-
rier to effective collaboration is the fact that software con-
tinually evolves, and over time, more contributors are in-
volved in the development of a requirement than initially
planned [1, 5]. Communication in this situation becomes
problematic due to the dynamic nature of the team. Main-
taining awareness among those working on a requirement,
especially requirements-change awareness, becomes diffi-
cult because notifications may not reach every contributor
working on the requirement.

If changes are not promptly communicated to contrib-
utors, the costs of rework can be high [7]. To reduce the
costs of rework, a contributor must be notified of changes
in requirements in a timely fashion. We believe that, by fa-
cilitating collaboration among contributors, we can achieve
heightened requirements-change awareness.

Although multiple contributors may be assigned to de-
velop the same requirement in a project plan, they might not
belong to the same team. This creates a situation where a
contributor must seek information from outside of his team
to develop the requirement. For example, a programmer
working on a requirement may be on a programming team,
whereas a tester who must write test cases for this require-
ment may be on a quality assurance team. The programmer
may need to consult with the tester during the development
of a requirement, but if a programmer does not have good
peripheral awareness, which is awareness of what others
are doing within his team, he may consult with the wrong
people. Alternatively, in a project where a team is assigned
per component, each team must coordinate with each other



team during integration. Ehrlich, et al, has shown that a
contributor often seeks information from outside of their
software team [5]; this finding supports the need for a sys-
tem that provides communication links to other contributors
working on the same requirement.

The outline of this paper is as follows. We introduce the
requirements-centred social network and discuss the visu-
alization method in Section 2. We discuss the challenges
associated with this work in Section 3. We review the re-
lated work in visualization tools for collaborative software
engineering in Section 4, and present our research agenda
in Section 5.

2. The Requirements-centred Social Network

2.1. The Dynamic Nature of a
Requirements-centred Team

A requirements-centred team is a team whose members
are each working on the same requirement, be they a re-
quirements analyst, designer, coder or tester. This network
of contributors can keep close contact with each other to
maintain both requirements-change awareness and periph-
eral awareness. A contributor can also seek specialists
within this network for technical assistance regarding the
requirement he is working on.

A requirements-centred team is continually expanding.
A contributor external to the team may contribute valuable
expertise to the development of the requirement and there-
fore become involved with that requirement. A project plan
may also neglect to include every member of the team who
works on the requirement.

2.2. Visualizing a Requirements-centred
Team

We propose that a requirements-centred team can be rep-
resented as a social network that represents collaborative
communication paths among contributors that are involved
with the implementation of requirement. A social network
is a structure where a node represents an individual, and
each directed edge connecting two individual nodes indi-
cates communication originating from one individual di-
rected to another individual. This structure can be repre-
sented visually as a graph called a social-network diagram.
A requirements-centred–social network (RCSN) is a social
network that displays only contributors who are involved
with the implementation of the same requirement.

The RCSN captures and displays relevant information to
provide awareness on the current activities and individuals
working on that requirement. The following information
needs to be displayed:

• individual roles, e.g. designer, programmer, tester,
manager, bystander etc, with access to addition infor-
mation on their activities related to the requirement;

• the direction of the communication flow;

• the amount of information flowing from one individ-
ual to another, details on the information exchanged
should be easily accessible; and

• the recency (time frame) of the information exchange.

This information may be rendered as a visual graph as
follows:

• individual roles can be shown using different node
shapes and colour;

• directed edges connecting individual nodes indicates
the presence and direction of the communication flow;

• edge width may represent the number of communica-
tion activities;

• edge colour can be used to show the type of communi-
cation medium used (e.g. email, chat);

• node/edge positioning can be used to give a cue on
the recency on the information exchange – more recent
exchanges should be positioned closer to the locus of
the display (similarly to the Babble tool [6]) with more
temporal distant communications located at the edges
of the display; and finally

• the user can access more information on the individual
roles and information exchanges by brushing over or
clicking on the nodes and edges in the graph.

An initial RCSN can be generated using information
from task assignments in a project plan when it is available.
If a project plan is not available, a simple diagram can be
manually created to indicate the presence of a requirement
and the key people assigned to the project. As the require-
ment is implemented, a contributor is added to the RCSN
based on communication patterns among contributors. If a
contributor consults with a programmer about the selected
requirement, then the programmer is added to the network,
and an edge connects the two contributors. This allows
tolerance for inaccurate project plans, and further supports
how a network can be updated in the absence of any plan-
ning documentation. For example, if a project plan forgets
to involve the technical writer, but the technical writer com-
municates by E-mail with the requirements analyst about
this requirement, the RCSN is updated to include the tech-
nical writer and his connection with the requirements ana-
lyst. In this way, a requirements-centred team represents a
changing network of emergent relationships.



To generate the RCSN, we can analyze early require-
ments documentation and extract key words, possibly
by utilizing a requirements template. The detection of
requirement-specific communications can also be done
through the mining of project repositories such as CVS and
Bugzilla, email logs and chat histories. The system will
monitor communication among contributors, and will scan
the content of a communication message to determine if it is
related to a particular requirement. If the message is related
to the requirement, the system adds missing contributors to
an existing RCSN.

By tracking communication patterns among contributors
and automatically updating an RCSN, one can discover with
whom contributors contact when implementing a require-
ment and maintain a record of expertise regarding this re-
quirement. By observing the RCSN, a project manager
may become more knowledgeable about who is involved in
the development of the requirement, and may become more
aware of a contributor’s current work and skill set. A par-
ticipant in the project, whether he is a manager or a contrib-
utor, can easily see who is working on a particular require-
ment, and can easily seek information from an appropriate
expert if required. Moreover, a manager or participant is
encouraged to further explore information on the status and
history of the requirement’s implementation by accessing
this information through the social network diagram.

The RCSN diagram can be used to improve both
requirements-change awareness and general awareness in
the project. It can facilitate communication among contrib-
utors by providing contact information for each contributor
who is working on the same requirement. A contributor
can also view the diagram to observe each team member’s
involvement in the requirement, and therefore be aware of
what the team member is doing. A requirements engineer
can use the RCSN diagram to retrieve a list of everyone in-
volved in the project so that he can easily send messages
that are relevant to the entire team, such as requirements-
change notifications. A project manager can use the net-
work to identify where there may be a lack of communi-
cation between two contributors who should be working
together and improve the communication infrastructure to
rectify the issues.

2.3. Sample Visualization

An example of an RCSN diagram is shown in Figure
1. We see the communication paths among a hypothetical
team working on the same requirement. Doris, a document
writer, exchanges E-mail regularly with Ray, a requirements
analyst. This suggests that the documentation requires a lot
of advice from the requirements domain. Ray also uses IRC
and E-mail to provide requirements information to Quinn,
who might be writing test cases at this time. There is a miss-

Perry Doris

Paul

Quinn

Ray2006-06-16 E-mail (x5)

2006-06-12

E-mail (x2)

2006-06-11 E-mail, IRC

2006-06-14

Project Plan

2006-06-15 E-mail (x7)

Figure 1. An example of a requirement-
based–social-network diagram for a single
requirement

ing link between Perry, the project manager, and Ray, which
may suggest that Perry is not very aware of requirements is-
sues. Paul, the programmer, communicates with Perry, but
may not be aware of the other members of the team.

By viewing RCSN diagrams, we can get an at-a-glance
indication of what communication goes on about this re-
quirement, and take measures to check if each member of
the team is utilizing each other’s skills. A diagram that has
many missing links may indicate that there is a collabora-
tion problem and that the team members are not aware of
each other. We can also use the diagram to ensure that ev-
eryone is notified of a requirements change.

2.4. Applications to a Software Develop-
ment Environment

The visualization mechanism can be integrated into a de-
velopment environment that collects information in an non-
intrusive manner. The diagram can be used to view informa-
tion about collaboration patterns, can provide information
about a contributor’s expertise, facilitate communication by
providing contact information, and form the framework for
an automated requirements-change–notification system.

If communication regularly occurs between a team mem-
ber in the initial RCSN, and a team member who was in-
cluded into the RCSN at a later time, then this may be in-
dicative that a team member in the organization had crit-
ical knowledge that was missing in the initial RCSN. Al-
ternatively, if there is a significant lack of communication
among team members in the initial RCSN, then this may be
indicative of a lack of coordination and awareness within
team members, and may require intervention from a project
manager.

Another use of the RCSN would be to provide a recom-



mended list of contributors that should be contacted. The
RCSN may be able to, for example, provide contact infor-
mation to a contributor so that he has easy access to others
who are working on similar tasks.

The concept of an RCSN can evolve to include multiple
requirements that are dependent on one another. If multiple
requirements are represented in an RCSN, then we can also
draw a diagram that displays dependencies in addition to a
diagram that displays communication patterns.

Finally, the information in the RCSN may be used to de-
velop an automated awareness notification system. If the
requirement changes, an automatic notification can be sent
to everyone in the network, even those who are peripher-
ally involved and may have been forgotten in a project plan.
The history of an RCSN can be stored so that a contribu-
tor viewing it has an at-a-glance view of what has changed
since the last time the contributor looked at the diagram. A
contributor is more aware of the additional team members
in the network and the new communication paths between
these team members.

3. Challenges

To build a requirement-based social network, we must be
able to monitor and detect how contributors communicate
among one another. We must ensure that as much commu-
nication is tracked as possible, and that the RCSN is auto-
matically updated. An important challenge is determining
which communications are relevant to a particular require-
ment. Natural language processing (of bugs, documents,
etc.), machine learning, or task monitoring [8] can be ex-
plored as options to determine if certain communications
are related to a specific requirement. To limit the search, we
can scan a requirements document for keywords in order to
generate a project vocabulary that is used throughout devel-
opment. We can expand the scan to include other artifacts
such as bugs and code that may be related to the require-
ments in order to discover additional vocabulary terms.

Moreover, some communications are never recorded and
therefore cannot be detected. For example, face-to-face
communication makes up a significant amount of commu-
nication among contributors [7]. In addition to adding con-
tributors to the network, we may want to remove a contribu-
tor from the network in the case that someone’s contribution
is obsolete. Determining the point of decay for removing a
node or edge from the network is an area for future research.
As the approach will not provide a perfect solution, it needs
to therefore support manual insertions and deletions.

There are also challenges that are specific to how the in-
formation is displayed. Developers are highly protective of
their limited screen space and will not want to give up some
of it for a display which is used only for the sake of aware-
ness. Therefore, we need to conduct research into how a

compact display can be used or revealed in an non-intrusive
manner to provide awareness when it is needed. With the
increasing adoption of multiple displays, this awareness
screen may be more suited to a secondary display that is
always visible. Nevertheless, visual cues will be needed to
draw attention to changes as they occur. Indeed, we need
to conduct more research to determine whether the display
should be updated automatically or manually by the user
when changes occur.

Finally, we need to investigate privacy concerns that de-
velopers may have with revealing information about their
communication patterns.

4. Related Work

De Souza, et al [4], automatically generate a social net-
work based on ownership of modules in code. They use a
procedure call graph and source code repository informa-
tion to create a network of social dependencies that they
call a social call graph. Ariadne [12] is an Eclipse plugin
that displays the generated social call graph. The social call
graph is meant to facilitate communication between mem-
bers of a team who may need to integrate components or
negotiate the use of application program interfaces (APIs)
with each other. Although Ariadne generates a social net-
work diagram, our approach focuses on communication
among team members, whereas De Souza’s approach looks
at source code dependencies through function calls only.

Sengupta, et al, present EGRET [10], a collaboration
tool for global software development. Although EGRET
contains some visualization views, they are limited to re-
quirements traceability, and a list of online users. Our
method proposes a more extensive visualization that con-
centrates on communication among contributors about a re-
quirement.

Jazz [2] is a collaboration tool designed to facilitate com-
munication among developers. Jazz provides a mechanism
to manually add a member to a list of contacts, but does not
visualize communication among contributors.

Storey, et al. [11] surveyed tools that are designed to sup-
port awareness in software development. Every awareness
tool in this survey explore visualizations at the source code
or module level, and do not concentrate on collaboration
patterns among developers.

The RCSN is different from the previously-explained ap-
proaches because it (a) groups every contributor who works
on the same requirement, even if these contributors are dis-
tributed among different teams, and (b) uses communication
information rather than source code to build the expanding
network. The RCSN expands by analyzing communication
regarding a requirement.

Social-network analysis has been used by organizational
theorists for many years, and has recently gained recogni-



tion as a method for identifying collaboration patterns in
software development. Crowston and Howison use social-
network analysis to study organizational structures within
many open-source projects [3]. Madey, et al., use social
network analysis to display which open-source developers
are part of which projects [9]. The RCSN that we describe
displays a social-network diagram, but we concentrate on
building the network dynamically and centre the network on
a single requirement so that each contributor in the network
is aware of each other contributor. By limiting the diagram
to display only those working on the same requirement, we
effectively display only what is relevant to the viewer.

5. Research Agenda

We plan to develop a prototype that will generate an
RCSN automatically. We will need to determine how to
automatically generate an RCSN from communication pat-
terns among contributors. We plan on using natural lan-
guage processing techniques to mine information in project
planning documents (for example to identify the initial
composition of the RCSN, or updated information during
the project) and machine learning techniques to maintain
an evolving network based on the collaboration patterns
around requirement development. Once we can generate
RCSNs automatically, we must evaluate the tool to ensure
that it increases requirements change awareness and general
awareness within a software development organization. The
current version of the prototype is developed as an Eclipse
plugin and mines information from Bugzilla, which acts as a
repository for information on contributor allocation to bugs
as well as threaded discussions with respect to a work item.
While we were successful to visualizing the networks of
individuals that work on the same bug and those involved
in its discussion, together with those involved in dependent
bugs, we are now working on algorithms to characterize the
collaboration patterns and visualize strength of communi-
cation lines to represent semantics of this communication.

Another goal of our research is to discover a way to in-
corporate more than just communication patterns into the
RCSN. We would like to find a good way to use information
from software artifacts, such as design documents, source
code, and bug reports, to fine-tune the RCSN. By using ad-
ditional information sources, we may be able to more ac-
curately determine if the work that a contributor is doing is
related to a requirement. A user of the network may iden-
tify a contributor’s role, such as programmer, based on the
artifacts that the contributor creates and the communication
topics that the contributor discusses with others.

We believe these are some of the challenges we identified
so far, and look forward to learn about other ones, as well
as possible ways to address these, at the workshop.
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