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Abstract
Modern software engineering inevitably involves teams of 
developers collaboratively working on software artifacts. 
Challenges to success include both the size (millions of lines of 
code, thousands of classes) and complexity of the software under 
development. However, increasingly, individual developers may 
be physically separated perhaps to the extent that they are in 
different time zones. Similarly, the software artifacts may also 
be arbitrarily distributed/ replicated at the developer’s locations. 
Supporting effective collaboration between software engineers 
is itself a difficult problem: supporting effective collaboration 
between physically separated software engineers remains an open 
problem. In this paper, instead of taking for granted the social 
actors involved in the coordination of work through awareness, 
we unpack how software developers in their daily work identify 
this set of actors. This is necessary to properly understand how 
collaboration is achieved in software development efforts and to 
allow computational support for awareness. The work reported 
in this paper also provides an understanding of which and how 
different aspects (e.g., the organizational setting) facilitate the 
identification of these actors. By addressing these issues, we can 
design better collaboration tools that facilitate the coordination of 
work, especially software development work. As we mentioned 
before, this has not been studied in previous studies of collaborative 
work, neither in software development nor in other domains.
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I. Introduction
Modern software engineering inevitably involves teams of 
developers collaboratively working on software artifacts. 
Challenges to success include both the size (millions of lines of 
code, thousands of classes) and complexity of the software under 
development.
However, increasingly, individual developers may be physically 
separated perhaps to the extent that they are in different time zones. 
Similarly, the software artifacts may also be arbitrarily distributed/ 
replicated at the developer’s locations. Supporting effective 
collaboration between software engineers is itself a difficult 
problem, supporting effective collaboration between physically 
separated software engineers remains an open problem.
These problems are addressed in the field of Collaborative 
Software Engineering (CSE), which we define loosely as seamless, 
fine-grained, real-time collaboration between distributed software 
engineers who may be located anywhere on the Internet. In 
practice, this involves the development of tools, techniques and 
environments which minimize the adverse effects of collaboration 
with remote colleagues.
Software engineering involves teamwork and communication of 
many kinds. Specific examples include:

In agile processes, such as Extreme Programming, pair • 
programming requires very close collaboration focused on 
the same artifact. In CSE, the pair members need not be 
spatially collocated.

Development activities such as analysis, design, testing • 
and coding may be carried out by different combinations 
of individuals. CSE-mediated discussions are potentially 
a valuable way for effective communication and feedback 
between and within these groups.
When correcting defects, team members may consult former • 
team members, currently assigned to other projects, in order 
to determine the rationale for some design feature which has 
subsequently been identified as problematic.
Refactoring often involves relatively minor but widespread • 
changes. Users who are kept informed of such activity are 
able to avoid potential conflicts.

In practice, delivery of successful CSE applications is 
extremely challenging. Many technical issues associated with 
the development of distributed applications must be overcome. 
However, the most critical success factors are associated with 
providing effective support for aspects such as awareness and 
concurrency control. Awareness mechanisms help avoid situations 
such as one developer deleting a class while another is extending 
a subclass. Concurrency control helps avoid situations where two 
developers are each making conflicting changes to the return type 
of a method. If such features are too restrictive then usability 
suffers. However, if they are too permissive then chaos ensues.
Computer-Supported Collaborative Work (CSCW) community, 
which has enabled the development of collaborative approaches 
in other fields. However, CSE differs from typical CSCW 
applications, such as shared whiteboards, in several significant 
ways including the following:

Artifacts produced have longer lifetimes.• 
System integrity is more important.• 
The cost of repairing inconsistencies is higher.• 
The number, size and complexity of artifacts is higher.• 

In the growing body of software engineering research influenced 
by CSCW, the concept of awareness has had considerable 
influence. For instance, this concept has influenced the design 
of several collaborative development environments, including 
CollabCVS, FastDASH [4], Jazz [10]. More recently, Treude and 
Storey [5] investigated how awareness was achieved in a large-
scale project through the usage of tools that aggregate information 
from different sources.
One of the most commonly cited descriptions of awareness is the 
one by Dourish and Bellotti: “awareness is an understanding of 
the activities of others, which provides a context for your own 
activity” [18]. In addition, they argue that, “awareness information 
is always required to coordinate group activities, whatever the 
task domain.” This fundamental nature of awareness and its 
growing use in collaborative software environments motivates 
us to examine it more carefully.

A. Network Awareness
The network of actors whose actions need to be monitored by 
an actor and those to whom this actor needs to make his or her 
own actions visible. An actor displays his or her actions so that 
others can understand the impact of the work. Similarly, actors are 
monitored because their actions can impact the work of an actor. In 
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short, awareness allows impact management, which is important 
for coordinating collaborative work [5]. Our main contributions 
in this paper are to illustrate how software developers identify 
and maintain their awareness networks, to describe features of 
these networks, and to discuss how different aspects of their work 
facilitate or hinder the identification and maintenance of awareness 
networks. In this regard, this paper illustrates how the software 
architecture influences the awareness networks.

II. Literature Survey
Schmidt [6]- These coordinative practices take place while actors 
are performing their work—that is, awareness is an attribute of 
action, not an aspect separate from it. Schmidt clearly summarizes 
this point: “doing one thing while taking heed of other relevant 
occurrences are not two parallel lines of action but a specific way 
of pursuing a line of action, namely to do it need fully, competently, 
mindfully, accountably.”
Furthermore, the nature of these coordinative practices is dual : 
Luff[8] It involves 1) displaying one’s actions and 2) monitoring 
others’ actions. That is to say, social actors monitor their colleagues’ 
actions to understand how these actions impact their own work 
and, while doing their work, social actors also display their actions 
in such a way that others can easily monitor them, but without 
disrupting their colleagues.1 The displaying and the monitoring 
of activities are thus complementary aspects: The displaying of 
one’s actions is facilitated by the monitoring of the others and 
vice versa.
In other words, while awareness usually has been associated with 
actors’ achievements, this is not always true: checking a tool log, 
sending an e-mail, or starting a conversation are all valid examples 
of work practices deftly used by social actors to become aware 
of their colleagues’ actions [9]. Schmidt calls this “appropriate 
obtrusiveness” [4].

III. Proposed System
We conducted two qualitative studies at two different large 
software development organizations. The first field study was 
conducted during summer 2002, the second one was performed 
during summer 2003. The role of the software architecture in the 
software developers’ work practices was evident during the three 
different data collections; therefore, we explicitly tried to collect 
information about this aspect.

A. Alpha
The first team has developed a software application called 1. 
Alpha (not the real name), a software composed of 10 
different tools in approximately one million lines of C and 
C++ code. 
Each one of these tools uses a specific set of “processes.” 2. 
A process for the Alpha team is a program that runs with the 3. 
appropriate runtime options and it is not formally related to the 
concept of processes in operating systems and/or distributed 
systems. 
Running a tool means running the processes required by this 4. 
tool with their appropriate runtime options. Processes are used 
to divide the work: Process leaders and process developers 
usually work with only one process. Each developer is 
assigned to one or more processes and tends to specialize in 
each of these. This is an important aspect because it allows 
developers to deeply understand a process’s behavior and 
structure, allowing them to deal with the complexity of the 
code. Process leaders are responsible for reviewing each 

change made to their process.
The software development team is divided into two groups: 5. 
the developers and the verification and validation (V&V) 
staff. The developers are responsible for writing new code, 
fixing bugs, and adding new features to the software. This 
group is comprised of 25 members, three of whom are also 
researchers who write their own code to explore new ideas. 
V&V members are responsible for testing and reporting bugs 
identified in the Alpha software, keeping a running version of 
the software for demonstration purposes, and maintaining the 
documentation (mainly user manuals) of the software. This 
group is comprised of six members. Developers and V&V 
team members are located in several offices across two floors 
in the same building, i.e., they were collocated.
The first author spent eight weeks as a member of the Alpha 6. 
team with the sole purpose of collecting data. He did not 
write any code, tests, or problem reports, but instead made 
observations and collected information about several aspects 
of the team, talking with colleagues to learn more about their 
work. Additional material was collected by reading manuals 
of the Alpha tools, manuals of the software development tools, 
formal documents (such as the description of the software 
development process and the ISO 9001 procedures), training 
documentation for new developers, PRs, and so on. All Alpha 
team members agreed to the data collection. Furthermore, 
some of the team members agreed to be shadowed for a 
few days. These team members belonged to different 
groups and played diverse roles in the Alpha team. They 
worked with different Alpha processes and tools and had 
varied experience in software development, which allowed 
a broad overview of the work being performed at the site. 
Eight Alpha team members were interviewed during 45-120 
minute sessions, according to their availability. To summarize, 
the data collected consist of a set of notes that resulted from 
conversations and documents as well as observations based 
on shadowing developers.

B. Beta 
The project studied, called Beta, is responsible for developing 1. 
a client-server application. The project staff includes 57 
software engineers, user-interface (UI) designers, software 
architects, and managers, divided into five different teams, 
each one developing a different part of the application. 
The teams are designated as follows: lead, client, server, 2. 
infrastructure, and test. The lead team is comprised of the 
project lead, development manager, user-interface designers, 
and so on. 
The client team is developing the client side of the application, 3. 
whereas the server team is developing the server aspects of 
the application. 
The infrastructure team is working in the shared components 4. 
to be used by both the client and server teams. 
Finally, the test team is responsible for the quality assurance 5. 
(QA) of the product, testing the software produced by the 
other teams. 
Most Beta developers were collocated on a large campus in 6. 
the same city, with a few developers located in a different 
city 1 hour away from the others. 
In the remainder of this paper, members of the client (server) 7. 
team will be called Beta client (server) developers.
The Beta project is part of a larger company strategy focusing 8. 
on software reuse. 
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This strategy aims to create software components (each one 9. 
developed by a different project/team) that can be used by 
other projects (teams) in the organization. 
Indeed, the Beta project uses several components provided by 10. 
other projects, which means that members of the Beta teams 
need to interact with other software developers in other parts 
of the organization.
Regarding data collection in this field study, we adopted 11. 
nonparticipant observation [3] and semi structured interviews, 
which involved the first author spending 11 weeks at the 
field site.
 Among other documents, meeting invitations, presentations, 12. 
product requests for software changes, e-mails, and instant 
messages exchanged among the software engineers were 
collected. 
All of this information was used in addition to field notes 13. 
generated by the observations and interviews. 
We conducted a total of 15 semi structured interviews with 14. 
members of all five sub teams. 
Interviews lasted between 35 and 90 minutes. To some extent, 15. 
an interview guide was reused from the Alpha field study to 
guarantee that similar issues were addressed. 
These data were analyzed to understand the role of APIs in the 16. 
coordination of Beta developers, as reported elsewhere [6].

C. The Awareness of Alpha Team
All changes in the Alpha software need to be associated with 1. 
a PR. Among other pieces of information, a PR describes the 
changes in the code, the reason for the changes (bug fixing, 
enhancement, etc.), and who made the changes. 
An Alpha developer is delegated new tasks by being assigned 2. 
to work with one or more PRs. These PRs are reported by other 
team members. Whoever is filling in the PR is responsible 
for filling in the field “how to repeat,” which describes the 
circumstances (data, tools, and their parameters) under which 
the problem appeared.
 When software developers report a PR, they also might 3. 
divide a PR into multiple PRs that achieve the same goal. 
This division aims to facilitate the organization of the changes 
in the source code, separating PRs that affect the released 
Alpha tools from those PRs that affect tools or processes 
not yet released.
Each developer is assigned to one or more processes and 4. 
tends to specialize in that process. A manager will follow 
this practice and assign developers to work on PRs that affect 
“their” respective processes. However, it is not unusual to find 
developers working in different processes.3 In this case, Alpha 
developers need to identify and contact the process owner to 
find out whether there is a problem in the process.  If there 
is a problem, developers will start working to find a solution 
to this problem. Even if the problem is straightforward, 
before committing their code, Alpha developers need to 
contact process owners to verify, through a code review (a 
prescription of the Alpha software development process), 
whether their changes in the process are going to impact the 
work of these process owners. Code reviews are performed by 
process leaders whose processes are affected by the changes 
in the PR. If the changes involve more than one process, a 
request for a code review has to be made to the owner of each 
process affected by those changes.

D. Identifying Who to Contact
The need to contact process owners means that the developer 
working with the PR needs to identify the owner of the process 
being affected. This is not a problem for most developers, who 
have been working on the project for a couple of years and already 
know which developers work on which parts of the source code. 
In contrast, developers who recently joined the project face a 
different situation because they lack this knowledge. To handle 
this situation, newcomers use information available in the team’s 
mailing list. The software development process prescribes 
that software developers should send e-mail to this list before 
integrating their changes in the shared repository. Developers thus 
associate the author of the e-mails describing the changes with 
the “process” where the changes were occurring.

E. Reading E-Mails
E-mails exchanged among team members are also used 1. 
by software developers to find out whether they have been 
engaged in parallel development. 
Parallel development happens when several developers have 2. 
the same file checked out and are simultaneously making 
changes in this file [4].
 Note that, in the Alpha team, if a developer, John, is engaged 3. 
in parallel development with another developer, Mary, and 
Mary already checked in her changes in the main branch 
before John did, John will necessarily have received an e-mail 
from Mary about her check-ins. 
By reading these e-mails, John will be aware that he is 4. 
engaged in parallel development with Mary because her 
e-mail describes, among other things, the files that have been 
checked in. 
In this case, John is required to perform an operation known in 5. 
the Alpha team as a “back merge.” This operation is supported 
by the configuration management tool adopted by the team 
and is required before a developer can merge his or her code 
into the main branch.
To avoid back merges without avoiding parallel development, 6. 
Alpha developers perform “partial check-ins.” In a partial 
check-in, a developer checks in some of the files back to the 
main repository, even when he or she has not yet finished all 
the changes required for the PR. 
The checked-in files are usually those that are changed in 7. 
parallel by several developers. 
This strategy reduces the number of back merges needed 8. 
and minimizes the likelihood of conflicting changes during 
parallel development. In other words, Alpha developers 
employ partial check-ins to avoid being affected by other 
developer’s changes in the same files because these changes 
can generate additional work for the developers.

F. The Awareness of Alpha Team
The large-scale reuse program adopted by BSC leads Beta 
developers to interact with developers in different teams who 
can be located anywhere: in the same building, in different cities, 
or even in different countries. This is necessary to allow software 
components to be reused within the organization and therefore 
to reduce software development costs. However, due to the size 
and geographical distribution of the organization, this approach 
was problematic. During our interviews, we found out that Beta 
server developers do not know who is consuming the services 
provided by their components and Beta client developers do not 
know who is implementing the component on which they depend. 
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Because of that, developers do not receive important information 
that affects their work.

G. Identifying Who to Contact
In order to identify who they need to contact, developers adopt 
different approaches. First, they rely on their personal social 
networks and “activate” them as they see fit, for instance, by 
sending e-mail to colleagues within and outside the team asking 
for help. Managers also play an important role in this process due 
to their larger social networks. Beta developers contact them so 
that these managers can identify the person they want to find.

H. On the Effectiveness of Notifications
Beta developers have an expectation that major changes in the 
software are preceded by notifications so that everyone is informed 
about changes that could affect their work. In fact, developers 
reported warning their colleagues of major changes in the code and 
their associated implications. This is done in group meetings, which 
provide an opportunity to developers to inform their teammates. 
Developers also inform their colleagues on other teams. For 
instance, server developers inform the installation team of new 
files being added or removed so that the installation procedures 
can be updated with this information. In other cases, Beta server 
developers may negotiate changes with client developers in APIs 
that existed between the teams before actually performing the 
changes.

IV. Conclusion
The concept of awareness is associated with work practices 
used by competent social actors to understand the state of their 
colleagues’ work and to successfully coordinate their work. 
However, in order to do so, actors need, before anything else, to 
identify which other actors are relevant to be monitored and to 
have their actions displayed to. Based on our ethnographic data, 
we illustrate different approaches used by software developers to 
find out about that, including writing and reading e-mails (Alpha 
team), “following” dependencies (Beta team), and reading (Beta 
team) information into databases.
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