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Abstract

One important tendency in sofiware development
has been the globalization of its industry. Sofiware
developers are frequently required to work in groups
which are distributed throughout multiple geographic
locations. People and processes (e.g. software design)
are consequently distributed. Providing the support
that will allow distribufed sofiware developers to
collaborate af a convenient moment, is therefore
extremely complicated both for the person making
contact and the person being contacted. We therefore
propose @ characterization and a model of
Collaborative Working Spheres (CWS) through which
to understand the management of activities in
distributed software development (DSD). Our work
first aims to characterize DSD activities mainly
through a survey of literature. We then describe a
projecied scenario to illustrate how DSD activities can
be supported by technology and finally we propose a
characterization of CWS through which to represent
how DSD workers can collaborate at a moment which
is suitable for all involved participants.

1. Introduction

Organizations that are dedicated to software
development are facing an emerging paradigm shift
towards the distribution of processes and development
teams. This is known as Distributed Software
Development {DDSD) [1]. This change is due, among
other things, to the desire to exploit broader working
day schedules, to benefit from the distribution of
resources, to reduce costs and to be demographically
closer to the target consumer. Nevertheless, there are
also negative aspects such as an increased risk of
communication problems [1][2].

This new development paradigm poses several
challenges for software design and development: the
need for new techniques or extensions to those which
already exist to support the inclusion of third-party
services, and new processes, mechanisms and tools to
deal with the fact that the development teams are
geographically distributed. This has led to the situation
of some organizations having to modify the way in
which they conduct their processes (e.g. requirement
analysis, design, management, etc.). These
organizations had formerly been accustomed to
traditional software development practices, which
required all those involved in these processes, such as
customers, users, developers, testers, project managers,
etc to meet in one place,

In this development scenario, what was formerly a
traditional development team which met regularly to
discuss work face to face, has now become a virtual
team, with each member possibly located in a different
geographic  location, which makes wuse of
communication technologies in order to interact and
carry out a shared task. DSD scenarios are defined by a
number of characteristics. One of these is the distance
between individual members or teams, which can vary
from a few meters (teams working in separate but
adjacent buildings), to tens, hundreds or thousands of
miles (teams working in different cities). A special
case of DSD occurs when the sites involved are in
different countries or even continents (global software
development or GDS) [1].

People who are not co-located therefore search for
ways in which to contact with their colleagues in an
informal and rapid manner (e.g. to ask for clarification
or help, to obtain others’ points of view, etc) [3]
Typical examples of the technologies that are used in
an attempt to solve these problems are the telephone
and instant messaging tools. However, although these
tools are easy to use, and are usually ubiquitously
distributed in work environments, they may have
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negative results [4]. This is mainly due to the fact that
they lack mechanisms that permit a balanced manner in
which to decide whether the time for starting an
interaction is suitable both for the person making
contact, and for the person being contacted. A typical
example of this problem is what is called “selective
availability”, i.e. the ability to establish one’s
availability according to a criterion, such as "I am
available only to people who are related to the task I
am dealing with now and am not available to other
people”. This problem typically presents itself in
distributed work environments, where users do not
usually have their partners in sight, and therefore do
not know what activity is being conducted to determine
whether the time is right for both of them to begin an
interaction. This work thus aims to provide a model
that integrates the individual perspective of DSD
workers by means of a potential collaboration
awareness [5] approach through which to identify
suitable and appropriate moments to initiate
collaberation, not only for the person making contact,
but also for the person who is contacted in DSD
Processes.

The remainder of this paper is organized as follows.
Section 2 describes the characteristics of DSD
activities. Section 3 describes a projected application
scenario using the proposed CWS model. Section 4
describes a characterization of Collaborative Working
Spheres as a support for initiating collaboration in a
timely, appropriate manner. Related work is described
in Section 5. Finally, Section 6 presents some
conclusions and directions for future work.

2. Features of DSD Activities

Software development is a complex activity and the
characterization of its activities is therefore also a
complex task due to the coordination problems that
arise during its implementation, as these are not only
very common, but also inevitable [6]. However, having
attempted to ascertain what the characteristics of
software development are it would appear that no
widely accepted description exists although various
proposals focus on the characteristics of the software
itself {product}, on the features of activities that are
conducted as part of the development (process) or on
the characteristics of the organization.

{6] proposes a set of elements through which to
characterize DSD developers’ activities, and these are
described as follows:

Scale: this refers to the wvarious values that
development can take in terms of:

¢ Social substratum (individual, among a group of

individuals, in a group, between groups, within an

organization and between organizations).

* Geographic  distribution  (co-located, locally

distributed and remotely or globally distributed).

e Duration of the development effort (days, weeks,

months, years).

It is worth mentioning that the scale of development
is related to product size (small, medium, large and
very large).

Uncertainty: this refers to the low certainty that the
developers may have with regard to knowing the actual
progress of a task, goal, or even of the project itself.
This is usually caused by coordination problems
associated with the project’s scale (the greater the scale
is the higher the uncertainty tends to be) and the
changing nature of the world (e.g. the user's
specification needs and software change, the external
world for which the sofiware was designed changes,
business needs change, etc.). Uncertainty therefore
depends both on the nature of the real world, and on
the technical possibilities that are available to address
the problems that may be caused by this. Uncertainty is
sensitive to the participants’ perception, as it is very
common that what represents a degree of progress in
the development of a task for one individual is not
necessarily perceived in the same way by another. This
leads to the need to interact and share information in
order to agree on the degree of progress for the task,
thus allowing uncertainty to diminish.
Interdependence: this feature refers to the dependences
that exist between the various activities undertaken by
developers. These dependences may be due to:

e Shared resources: when a worker's activities

depend on a resource that must become available

before the task can continue.

¢ Allocation of tasks: when a worker is dependent on

the project leader to specify what his/her activities

will be before being able to start them.

® Producer-consumer relationship: when a worker

has to complete his/her task and the product is then

used to complete the pending task of another worker.

* Prerequisite restrictions: when the employee is

given a task that is involved in a sequence of tasks

that must be carried out first.

» Transference: the means by which the worker must

make his/her product available to another worker

whao needs it to perform his/her activities.

o Utility: when a consumer worker receives a

product, s’he is dependent upon its degree of

usefulness to perform his/her tasks.

# Simultaneous restrictions: when two tasks are

carried out in paralle]l by different developers to



achieve a common goal, they depend on each other in
order to accomplish them.
* Tasks/subtasks relationship: when a task is divided
into subtasks which are assigned to different
developers.
Communication: this relates to the way in which
information flows among members or participants of
the project in order to provide information about or to
communicate progress, achievements, problems,
solutions to problems, justifications, and so on.
Communication can be both informal and formal.
¢ Informal communication takes place when neither
the date nor the location of the interactions is
planned, and the information exchange is short but
rich and intetactive in content (e.g. interactions in
corridors). Informal communication is alse used in
the search for partners related to the task that is being
carried out, in taking or leaving messages for
colleagues, in establishing review meetings between
colleagues to work on contingencies, in releasing
documents that support what is delivered as a
product, in offering or obtaining help regarding
technical issues or methodology, or providing news
or progress on a task report.
+ Formal communication includes interactions that
are planned and have a preset agenda, a worker
usually communicates to a group, it is not very
interactive, etc. (e.g. a meeting to report progress to
the whole team). It serves to support the processes
for delivering products to support the completion of
certain tasks, to report contingencies (formats), to
notify changes in the organizational structure
(circulars), and to document products (manuals and /
or charts), among other things.

3. Projected scenario

An application scenario is as follows: in a DSD
organization a software designer (collaborator) located
at site S1 accesses a UML file through a diagramming
application. This file has been sent to him/her by an
analist (collaborator) located at site S2, as part of an
interface design task.

In the current scenario, whenever the designer has a
doubt about the contents of the UML file, he/she
usually tries to contact the analyst responsible for it
through a means of communication (e.g. telephone or
an instant messenging application), but has no
information regarding his/her current whereabouts. The
designer therefore usually interrupts the analyst’s
activity.
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Fig. 1. The CWS model

A representation regarding how to deal with this
scenario is shown in Figure 1. Its description follows.
At the time when the UML file is accessed the
Personal activity monitor observes the Project
activities and records them in its log (e.g. file name,
document type, time, date, state}. The Reviewer then
verifies whether that file is related to a project. In this
case, it verifies whether the file is associated with a
task of project “P1” and updates the log by marking the
file as valid o make a request for information.The
Informer subsequently receives an information request.
A Notification handler formalizes the request by
receiving the order and searching for the updated
information concerning the projects and users
associated with' the task (e.g. the developers involved,
the developers’ state, the state of the task, etc.) in the
Group activities monitor, Once the information has
been found, it is packaged and sent to the informer in
order to update the interaction opportunities manager
and the Personal activities monitor,

In this case, the designer {(coflaborator) obtains
information regarding the file in a rapid and seamless
manner through the GUI in which the Project activities
are presented and acesible. The presented information
refers to which collaborators are involved, and on
which documents related to a project they are working.
In turn, this information also allows the user to
interpret the collaborators’ current state (e.g. busy,
available, not connected, etc.).

4. Collaborative Working Spheres

The features of DSD activities have led us to adopt
a practical work unit that allows us first to understand
the management of an individual developer's work



activities. This unit is the Working Sphere (WS) [7]. A
WS§ is a unit of work that serves to describe work
efforts that people pursue in practice in order to meet
their responsibilities. A WS can refer to short-term
tasks, such as fixing a software component, routing
work such as daily maintenance of equipment, events
such as a provider’s exhibition, or long-term projects
such as implementing a new infrastructure for a client.
However, the WS cancept is limited to a focus on the
individual worker. In contrast, the DSD context
demands a focus on the work of the group as a whole.
Nonetheless, a focus on the individual activities of
collaborators is still needed. We therefore propose the
introduction of the concept of Collaborative Working
Spheres (CWS), which extends the concept of WS by
considering the work characteristics, identified
requirements (see Table 1} and design insights (see
Table 2) of DSD activities. A large proportion of
design insights are considered by potentia
collaboration spaces [5] in which collaborators are
allowed to obtain a partial and personal view of the
information related to the activities which are shared
with other collaborators.

A CWS is a combination of working spheres and
potential collaboration spaces that allows workers to
detect, identify or create opportunities for collaboration
{potential collaboration) between each other based on
the information managed in their individual work units
(WS). It also allows them to identify an appropriate
moment at which to initiate collaboration in a more
informed way by means of the information obtained
from the interaction that the collaborators have with
their individual activities. Moreover, CWS will allow
collaborators to have a meeting point with their
potential collaborators, where they are actually offered
a manner in which to begin appropriate interaction and
from which they can begin a work meeting with the
collaborators involved, along with easy access to the
work units involved, and te consistently trigger actual
collaboration [5]. The process and characterization of
CWS are herewith explained.

4.1 Process

Figure 2 depicts a process which includes three
main tasks: (1) Identifying the required information of
the activity of those involved (e.g. who is involved in
this activity?, which are my activities?, which activities
are pending?) , {2) Identifying a suitable moment to

Iderkifying the
information of activity

[dentifying the suitable
momenl

Starting
collaboration

Fig. 2. Process of CWS.

Table 1. Identified requirements.

Characteristic of
DSD Activities 1dentified Requirements
Scale Ri: Interaction between members of wark unit
R2: Interaction with external members of work unit.
R3: Knowledge of work unit's degree of progress
R4: Knowledge of the wosk units assigned per person.
RS Knowledge of the overall objective of the program,
R6: Knowledge of the goals which affect the work units.
R7: Knowledge of the statutes (program charter}
goveming the program.
R.8: Control of project specifications.
R9: Awareness of the state of resources.
RIE0: Awareness of the state of members per work unit.
R11: Coordination in common or dependent work units
among members of the work unit
Communication R12: Awareness of the state of people who work in the
same program.
R13: Qutsiders’ access to program resources.
Rl4: Agree to unforeseen changes related to the work
units.
R15: Contact the right person at the right time.
R16: Acceptable communication media

Uncertainty

Interdependence

Table 2. Design insights
Characteristic of Design implications
DSD Activities {and requirements aimed to be covered)

Scale 11: Services that enable communication between people
(R1 and R2).

12: Mechanism that allows sharing and filering of project
information among work unit related colicagues
(R3, R4, R5 RS R7 and RE).

I3: Mechanism thar enables us to discover the degree of
progress of the work being done by each individual
member of the project {R2 and R10}.

H4: Mechanism that altows locating and interacting with
members of related or dependent common tasks
R11).

I5: Mechanism that enables us 1o discover both the status
of the preject members and the job they are doing
(R12 and R13).

16: Mechanism that permit us to identify when one user
can interact with another, based on a need, state
and/or performed task {R14 and R[5}

17: Synchronous and asynchronous communication
service (R16).

Uncertainty

Interd d

Communication

interrupt other collaborators {(e.g. what is my partner
doing?, what is my partner’s role at this moment?,
what document is s/he modifying), and (3) Initiating
collaboration if the moment is right (e.g. who is talking
to me?, what is my role?). This necessitates being able
to monitor the collaborators’ activities, identifying
specific information from the common work unit {(e.g
WS) so that the information on the currently shared
activity can be passed to the group and, based on the
information obtained, determining whether the moment
is appropriate to initiate an atterapt at interaction.

4.2 Characterization

A literature review was used to identity a set of
design insights that must be covered by CWS (see
Table 2). This emerged from a characterization of the
activities of DSD developers, as is shown in section 2.
As a result, a set of features to address these design
implications is now proposed (see Table 3).



As regards support for remote initial interactions
(F1) which addresses design implications I1 and I6, it
is necessary to include: i) a mechanism that permits
interaction between remote colleagues which is
focused on the work units previously assigned. This
mechanism should allow us to determine the need for
or interest in initiating an interaction, based on whether
it is (or when is) the most appropriate time to begin an
interaction.

With regard to support for potential collaboration
awareness (F2) which addresses design implications 12
and I5, it is necessary to include ii) a set of awareness
elements dealing with the potential for collaboration
which includes information on the following
categories: Who (presence, identity and other
collaborators); What (actions, intent, resources and
skills); Where (location, vision and scope); Why
{motivation); When (event history, dependencies and
expectations) and How (action history, resources and
activities); and iii) a set of mechanisms through which
to share information resulting from the same work unit.

Support for shared personal activities management
(F3) which addresses design implications 13 and 14,
necessitates the inclusion of: iv) mechanisms to link
the work performed individually to the work units
proposed by the organization through digital artifacts
or resources resulting from such individual work; v} a
set of services that offers information concerning work
related to the workers involved, work units and
resources; vi) mechanisms that implicitly present and
adapt information to the context of work to be
displayed and monitored by potential collaborators;
vii} a set of mechanisms through which to suitably
represent the different awareness levels of the potential
for collaboration concerning the work units performed
by employees at a given moment, and viii) a
mechanism that ailows the collaborator to transparently
create contact groups according to the work unit being
performed, with access to the mechanism through
which to communicate with remote collaborators.

Finally, with regard to support for remote
communication (F4) which addresses design
implication 7, it is necessary to include: ix)
synchronous and/or asynchronous communication
services to enable the exchange of information between
collaborators in an appropriate and simple manner; and
x) a set of technological tools that permit private
communication between the collaborators involved in
the work unit currently under way and which are
unobtrusively available o potential collaborators,

The following subsection shows a model of
collaborative working spheres with a technological
approach.

Table 3. Proposed features of CWS
Features {and design implication aimed for)
F1  Support for remote initial interactions {11and 16).
F2  Support for potential collaboration awareness (12 and 15).
F3  Support for shared personal activities management (13 and [4).
F4  Support for remote communication {I7).

4.3 The CWS Model

One way in which to represent a CWS with a
technological approach is through an objects diagram
(see Figure 1). This diagram represents the most
important entities of the CWS and some of their
relations. The principal aim of this approach is to
support the requirements for a system. As Figure |
shows, the collaborator is the worker (e.g. software
designer or architect) that interacts (1} directly with the
project activities through a graphical user interface
{GUI), which is observed by a sofiware technology (in
the background) called the personal activities monitor,
s0 that the GUI provides feedback (2) to the monitor
with information conceming the files accessed from
the applications. The individual activity monitor, in
turn, requests an evaluation of each of the open files at
a given time (3} from a software component called the
reviewer, which relates the identified file with the work
units assigned to the collaborator. If this is related, a
request for information is sent to the other component
called the informer (4). Otherwise, the application is
dismissed. The informer requests information
regarding work (5) from the notification handler, and
this component will be aware of valid projects. To do
this, a search process on the organization’s project
repositories is requested to help decide whether the
petition should proceed or not. The latter is reported
(6) through the group activities monitor which keeps
track of the context through (7) a user monifor and
through (8) a work unir monitor. An awareness model
of the potential for collaboration provides feedback (%)
to the group activities monitor. The reviewer reports
information related to the work unit upon which the
coliaborator has focused its attention to the personal
activities  monitor (10) and to the interaction
opportunity manager (11). Finally the personal
activities monitor obtains information from (12) the
interaction opportunities manager.

5. Related Work

Several research works that may contribute to the
main tasks of properly iniating collaboration in DSD
have been identified in literature. These tasks include:
i) 1dentifying the right time to initiate collaboration.
Potential Collaboration [5] is complementary to Actual



Collaboration. This refers to the possibility of
collaboration and, as such, occurs while people are
working on an individual basis, not necessarily in
relation to a collaborative effort, mostly outside a
shared space representation and usually in an
asynchronous communication mode. Doc2U {8], offers
an extended instant messaging service which provides
support for potential collaboration through the
presence of users, documents and specialized services.
These works provide elements that may be used to
create user services, task and resource presence. ii)
Identifying information concerning DSD  workers’
activities. Working Spheres (WS) proposes a way in
which to manage personal activities in the presence of
interruptions [7]. Despite only containing information
about individual activities, WS from multiple users can
actually be grouped for group work. iii} Entering inio
collaboration. Project-View [3] suggests modifications
to the Ul of a traditional instant messaging application,
considering three specific characteristics: awareness,
user information and reminders. Taskmaster [9]
proposes a redesign of e-mail, offering an easier option
through which {0 manage the tasks that a user must
perform. Both works provide a specilized Ul with
elements concerning the assigned work units that
extend the way in which collaborators are able to
interact with each other.

These studies were developed for purposes other
than starting collaboration in DSD. Some of them do
not even remotely consider work groups [8], others are
only user interface proposals and/or design guidelines
(31141[7], and vyet others were proposed as
modifications to work envirenments outside the DSD
domain [3][9].

6. Conclusions and Future Work

There is currently a great tendency towards
developing sofiware in a distributed manner, in order
to benefit from the advantages that this kind of
development brings. However, distributed
development also implies that people do not have the
opportunity for face to face interaction, which in turn
introduces the possibility of coordination problems,
disruptions at unwanted times, and the lack of informal
communication. This may have an impact on the trust
and quality of team member communication, and on
project results. The CWS model aims to be aware of
the managing of individual activities (WS} in DSD by
providing data from both the user context and from the
project context. Future work involves the validation of
our model through the use of a prototype for
distributed software developers.
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