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Abstract—The concept of awareness plays a pivotal role in research in Computer-Supported Cooperative Work. Recently,
Software Engineering researchers interested in the collaborative nature of software development have explored the implications
of this concept in the design of software development tools. A critical aspect of awareness is the associated coordinative work
practices of displaying and monitoring actions. This aspect concerns how colleagues monitor one another’s actions to
understand how these actions impact their own work and how they display their actions in such a way that others can easily
monitor them while doing their own work. In this paper, we focus on an additional aspect of awareness: the identification of the
social actors who should be monitored and the actors to whom their actions should be displayed. We address this aspect by
presenting software developers’ work practices based on ethnographic data from three different software development teams.
In addition, we illustrate how these work practices are influenced by different factors, including the organizational setting, the
age of the project, and the software architecture. We discuss how our results are relevant for both CSCW and Software

Engineering researchers.

Index Terms—Computer-supported cooperative work, Organizational management and coordination, Programming

environments, Programming teams, Tools.
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1 INTRODUCTION

OFTWARE development, being a human activity, is

challenged by human limitations. There are individ-

ual cognitive challenges and social collaborative chal-
lenges. The collaborative challenges are what we are con-
cerned with in this work, having observed teams of soft-
ware developers working together to deliver their target
products.

Collaborative challenges were identified very early in
the nascent field of Software Engineering. Brooks [5] ob-
served that software development was “a complex inter-
personal exercise.” The seminal work by Curtis and col-
leagues recognized that breakdowns in communication
and coordination efforts constituted a major problem in
large-scale software development [12]. Later, Stauden-
mayer [49] recognized that good coordination of teams of
developers was correlated with high team performance.
Finally, Herbsleb at al. [33] documented how software
development tasks performed in distributed contexts took
longer than similar tasks performed in collocated ones
due to the cost of coordinating developers in different
geographical locations. Over the years, Software Engi-
neering practitioners have proposed a large number of
strategies to facilitate the collaboration required of soft-
ware development efforts including tools (e.g., CVS), ap-
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proaches (e.g., software process models), and techniques
(e.g., pair programming).

Many of the problems faced by software developers
are the same as problems faced by professionals in other
domains: communication breakdowns, coordination
problems, lack of knowledge about colleagues” activities,
and so on [46]. The research field of Computer-Supported
Cooperative Work (CSCW) emerged to address these
kinds of problems, and, in the beginning, primarily in the
area of office automation. Generally, CSCW as a field
concentrates on understanding how collaboration among
individuals takes place, and how it can efficiently be sup-
ported by (computational) tools [25, 45].

Since its inception, CSCW has attracted researchers
who have considered Software Engineering as an impor-
tant domain for research [25]. Although there has always
been some crossover, recently researchers in Software
Engineering have become increasingly interested in the
lessons from the CSCW literature. The timing could not
be more critical due to various trends, including the
growth of globally distributed projects that exacerbate
coordination and communication problems and agile
methods that emphasize cooperation and communication
among software developers [17]. Among the examples of
Software Engineering research informed by CSCW con-
cepts is that by Sarma and colleagues [43], who argue that
awareness among software developers involved in pro-
gramming activities is important because configuration
management workspaces create a harmful isolation
among software developers. Estublier and Garcia [21]
present a similar argument, but they discuss it in the con-
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text of software process models. Another example is our
own previous work [16], wherein we discuss the different
roles played by application programming interfaces
(APIs) in the coordination of software developers” work.
Finally, Cataldo and colleagues discuss the importance of
work dependencies on failure prediction [8].

In the growing body of Software Engineering research
influenced by CSCW, the concept of awareness has had
considerable influence. For instance, this concept has in-
fluenced the design of several collaborative development
environments, including Ariadne [13, 53]; CollabCVS [32];
FastDASH [4]; Jazz [10]; and Palantir [43]. More recently,
Treude and Storey [54] 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 pro-
vides a context for your own activity [18].” In addition,
they argue that, “awareness information is always re-
quired to coordinate group activities, whatever the task
domain.” This fundamental nature of awareness and its
growing use in collaborative software environments mo-
tivates us to examine it more carefully.

Intuitively, a question that arises from the concept of
awareness is who are the others that one should be aware
of and vice versa? Another question is in what ways is
awareness achieved? We explore these questions more
carefully in the next section, but, for now, we can intro-
duce the focus of this paper as the identification of the
awareness network — 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 under-
stand the impact of the work. Similarly, actors are moni-
tored because their actions can impact the work of an ac-
tor. In short, awareness allows impact management,
which is important for coordinating collaborative work
[15]. Our main contributions in this paper are to illustrate
how software developers identify and maintain their
awareness networks, to describe features of these net-
works, and to discuss how different aspects of the 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.

The data used to ground the conclusions of this paper
are based on three different software development teams:
Alpha, Beta, and Gamma. The Alpha team was perform-
ing maintenance of its software, whereas the Beta and
Gamma teams were implementing the first releases of
their software. Furthermore, while our data collection and
analysis in the Beta team focused solely on the implemen-
tation phase, our focus in the Gamma team was on the
whole software development process from requirements
to testing, including implementation. Therefore, our data
sets were complementary strengthening our results.

The rest of this paper is organized as follows. The next
section provides more background from the literature
especially about why we focus on the concept of the
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awareness network and its interrelationship with work
practice. The section thereafter describes the three re-
search sites studied, Alpha, Beta, and Gamma, as well as
the methods used to collect and analyze data from these
sites. Next, the ethnographic data of each team is pre-
sented illustrating how team members identified their
awareness network as well as the aspects that influenced
this identification. A discussion follows in the subsequent
sections, including aspects of the awareness network
identification and management, as well as aspects that
influence this network. This discussion illustrates the
relevance of the contributions presented in this paper for
CSCW and Software Engineering researchers. Finally, the
last section presents our final considerations.

2 BACKGROUND ON AWARENESS IN CSCW
RESEARCH

Many, if not most, authors adopt the aforementioned de-
scription of awareness by Dourish and Bellotti [18]. How-
ever, examining awareness in more depth and based on
previous research on CSCW quickly reveals the many
different ways awareness has been used.

Schmidt [44] provides a brief but comprehensive re-
view of over a dozen uses of the term in the literature and
everyday life. He then connects awareness to work prac-
tice [27-29], and conceptualizes awareness as a range of
coordinative practices performed by competent actors to
accomplish their work [31]. 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 pur-
suing a line of action, namely to do it heedfully, compe-
tently, mindfully, accountably.”

Furthermore, the nature of these coordinative practices
is dual: it involves (i) displaying one’s actions, and (ii)
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 disrupt-
ing their colleagues.! 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. As an example, in a seminal paper about
awareness, Heath and Luff [29] describe how coordina-
tion takes place in the London subway control rooms. In
this setting, one of the actors, the DIA, is responsible for
keeping the public informed about the state of the sub-
way service. The Controller is another actor who deals
with the train drivers, giving them directions about when,
where, and for how long they should stop the trains. The
DIA listens the Controller to give directions to a train
driver on the phone, and even before this conversation
finishes, the DIA announces changes in the service to the

" Implicit in this discussion is the notion of interdependent activities, that is,
displaying and monitoring are especially relevant because the outcome of one’s
action can affect others’ actions [37, 44].
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public. Similarly, the Controller will stress some words
during his conversations with train drivers to emphasize
changes in the service that the DIA needs to announce to
the public. In short, the monitoring of the Controller by
the DIA is facilitated by the display of actions that are
performed by the Controller. Heath and Luff emphasize
that these two aspects of work, the displaying and moni-
toring, were possessed by all Controllers and DIAs ob-
served, and they were not specific to a certain subset of
individuals.

According to Schmidt, these work practices often are
not viewed by researchers as the result of deliberate, ex-
plicit actions; but he counters that this should not be the
case because social actors deftly choose the degree of ob-
trusiveness of their actions [44]:

No clear distinction exists between, on the one hand,
the coordinative practices of monitoring and display-
ing, normally referred to under the labels “mutual
awareness” or “peripheral awareness,” and, on the
other hand, the practices of directing attention or in-
terfering for other purposes. In fact, by somehow dis-
playing his or her actions, the actor is always, in some
way and to some degree, intending some effect on the
activities of colleagues. The distinction is not categori-
cal but merely one of degrees and modes of obtrusive-
ness.

In other words, while awareness usually has been as-
sociated with actors’ achievements, this is not always
true: checking a tool log, sending an email, or starting a
conversation are all valid examples of work practices
deftly used by social actors to become aware of their col-
leagues’” actions [15]. Schmidt calls this “appropriate ob-
trusiveness” [41].

Based on these findings about awareness, Schmidt
proposes a set of important research questions to be pur-
sued. As an example, he asks the following:

By virtue of which competencies are cooperating ac-
tors able to make sense of what others are doing? How
does the actor determine what is relevant to his or her
own effort?

While the research questions raised by Schmidt are
very relevant to both CSCW and Software Engineering. A
pair of questions not addressed by Schmidt is the follow-
ing:

How do social actors determine to whom should they

display their actions? And, whose actions should they

monitor?

These questions are exactly the questions we address
in this paper. They have not received enough analytical
attention in general, either by the Software Engineering or
CSCW research communities. To some degree, they have
been hinted at from a technological point of view, for ex-
ample, in event notification servers [36], usually through

subscriptions that allow one to define the notifications to
receive. Empirical studies of awareness have been limited
as well regarding the research questions above, in part
because the studies of work practice that helped to estab-
lish the concept of awareness focused on the organization
of the work in settings with specific features: there was a
strict division of labor, all actors were physically collo-
cated, and work tasks required coordination and were
highly interdependent. That is, the settings studied (con-
trol rooms [3], newsrooms [30], surgery rooms [31], soft-
ware development war rooms [51] and trading rooms
[28]) required individuals to monitor their colleagues’
immediate actions at the same time they were engaged in
other activities [31]. These types of places share so many
features that they have been called “centers of coordina-
tion” [50].

Therefore, we argue that a new analytical focus or
“lens” is useful: instead of focusing on the coordinative
practices of displaying and monitoring, we should focus
on the work practices by which social actors identify the col-
leagues who should be monitored and those colleagues to whom
their actions should be displayed. In this paper, instead of
taking for granted the social actors involved in the coor-
dination of work through awareness, we unpack how
software developers in their daily work identify this set of ac-
tors. This is necessary to properly understand how col-
laboration is achieved in software development efforts,
and to allow computational support for awareness. The
work reported in this paper also provides an understand-
ing of which and how different aspects (e.g., the organiza-
tional setting) facilitate the identification of these actors.
By answering these questions, we can design better col-
laboration 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.

3 RESEARCH SITES AND METHODS

We conducted three 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, and finally, the
third one was performed during summer 2004. 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.

Details about each team as well as the methods used to
collect data with each team are described next. Then, we
describe how our data analysis was performed.

3.1 Alpha

In this study, the first team has developed a software ap-
plication called Alpha (not the real name), a software
composed of ten different tools in approximately one mil-
lion lines of C and C++ code. Each one of these tools uses
a specific set of “processes.” A process for the Alpha team
is a program that runs with the appropriate run-time op-
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tions and it is not formally related to the concept of proc-
esses in operating systems and/or distributed systems.
Running a tool means running the processes required by
this tool with their appropriate run-time options. Proc-
esses 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 re-
sponsible for reviewing each change made to their proc-
ess.

The software development team is divided into two
groups: 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 comprises twenty-five 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 documen-
tation (mainly user manuals) of the software. This group
comprises 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 Alpha group adopts a formal software develop-
ment process [22] that prescribes the steps to be per-
formed by the developers. For example, all developers,
after finishing the implementation of a change, are sup-
posed to integrate their code with the main baseline. In
addition, each developer is responsible for testing his or
her code to guarantee that when the changes are inte-
grated, bugs will not be added to the software. Another
part of the process prescribes that, after checking-in files
to the repository, a developer must send an email to the
software development mailing list describing the problem
report (PR) associated with the changes, the files that
were changed, and the branch where the check-in will be
performed, among other pieces of information.

The first author spent eight weeks as a member of the
Alpha team with the sole purpose of collecting data. He
did not write any code, tests, or problem reports, but in-
stead 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 documen-
tation 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 al-
lowed a broad overview of the work being performed at
the site. Eight Alpha team members were interviewed
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during 45- to 120-minute sessions, according to their
availability. To summarize, the data collected consist of a
set of notes that resulted from conversations and docu-
ments as well as observations based on shadowing devel-
opers.

3.2 Beta

The second field study was conducted in a software de-
velopment company named BSC. The project studied,
called Beta, is responsible for developing a client-server
application. The project staff includes 57 software engi-
neers, user-interface designers, software architects, and
managers, divided into five different teams, each one de-
veloping a different part of the application. The teams are
designated as follows: lead, client, server, infrastructure,
and test. The lead team comprises the project lead, devel-
opment manager, user interface designers, and so on. The
client team is developing the client side of the application,
whereas the server team is developing the server aspects
of the application. The infrastructure team is working in
the shared components to be used by both the client and
server teams. Finally, the test team is responsible for the
quality assurance of the product, testing the software
produced by the other teams. Most Beta developers were
collocated in large campus in 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) team will be called Beta client (server) de-
velopers.

The Beta project is part of a larger company strategy
focusing on software reuse. This strategy aims to create
software components (each one 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 other projects, which means
that members of the Beta teams need to interact with
other software developers in other parts of the organiza-
tion.

To facilitate the reuse program, BSC enforces the usage
of a reference architecture during the development of
software applications. The BSC reference architecture
prescribes the adoption of some particular design pat-
terns [23], but at the same time gives software architects
across the organization flexibility in their designs. This
architecture is based on tiers (or layers) so that compo-
nents in one tier can request services only to the compo-
nents in the tier immediately below them [6]. Data ex-
change between tiers is possible through well-defined
objects called “value objects.” Meanwhile, service re-
quests between tiers are possible through Application
Programming Interfaces (APIs) that hide the details of
how those services are performed (e.g., either remotely or
locally, with cached data or not, etc.). In this organization,
APIs are designed by software architects in a technical
process that involves the definition of classes, method
signatures, and other programming language concepts,
and the associated documentation. APIs are both a tech-
nical construct and an organizational mechanism that
allows teams to work independently [16].

Regarding data collection in this field study, we also
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adopted non-participant observation [34] and semi-
structured interviews [38] which involved the first author
spending 11 weeks at the field site. Among other docu-
ments, meeting invitations, presentations, product re-
quests for software changes, emails, and instant messages
exchanged among the software engineers were collected.
All this information was used in addition to field notes
generated by the observations and interviews. We con-
ducted a total of 15 semi-structured interviews with
members of all five sub-teams. Interviews lasted between
35 and 90 minutes. To some extent, 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 coordination of Beta
developers, as reported elsewhere [16].

3.3 Gamma

The third team we studied, Gamma, was responsible for
developing a mobile application. In fact, this application
was a mobile version of the application developed by the
Beta team. Because of that, Gamma developers wanted to
use, as much as possible, the Beta source-code, but this
was not always possible because of hardware constraints
in the mobile device they were targeting. Gamma and
Beta were part of the same organization.

The Gamma project staff was divided into three major
groups: user interface (UI) designers, software develop-
ers, and the quality assurance (QA) team. The staff was
distributed over five different sites in three countries:
North Carolina, US; Massachusetts, US; Beijing, China;
Shanghai, China; and Taipei, Taiwan. To be more specific,
user interface design and evaluation was performed by
six professionals in North Carolina. The implementation
was performed in all other sites, distributed as follows:
nine developers in Massachusetts, five in Shanghai, five
in Beijing, and four in Taipei. The quality assurance team
was divided between the US and Chinese sites: three en-
gineers were located in Massachusetts and six engineers
in Beijing. The main coordination of the project and the
project manager for this project were located in Massa-
chusetts, where all the data were collected.

In the Gamma team, data were collected through
document analysis and semi-structured interviews [38].
Among other documentation, emails and instant mes-
sages exchanged among the software engineers were col-
lected. We again were granted access to shared discussion
databases used by the software engineers. This informa-
tion was used in addition to notes generated by the inter-
views. We conducted 17 semi-structured interviews with
members of all sub-teams from the different sites: some
interviews were conducted face to face, and others were
conducted by telephone, with one interview conducted
by using instant messaging. We reused some of the ques-
tions used in the interviews with Beta team members, but
we also explored communication, collaboration, and co-
ordination efforts between their collocated and distrib-
uted colleagues, and between the Beta and Gamma team
members. Interviews lasted between 20 and 70 minutes.
We also interviewed three members of another team
whose component provided services to the Gamma appli-

cation, but not to the Beta application.

At the time data was collected in Gamma, developers
were finishing the implementation of their prototype,
more specifically they were about two weeks away from
“feature freeze”. Our interviews, however, focused on the
entire software development process, i.e., our interview
guide included questions about the requirements of the
Gamma software, its Ul design and, how testing was al-
ready being, and planned to be performed. In our analy-
sis, we focus on aspects regarding the entire software de-
velopment process instead of focusing solely on the im-
plementation phase, as done in our analysis of the Beta
team.

3.4 Data Analysis

All of the data that was not already text was transformed
into text for analysis. E.g., interviews and handwritten
field notes were transcribed into text. The complete data
was input into a software tool for qualitative data analy-
sis. After that, we used coding techniques to make sense
of the data we collected: interviews and field notes were
coded to identify categories that were later interconnected
with other categories. Using this approach, we identified
the concept of the awareness network - 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 - and reported our first results in [14].
Later, the third dataset, Gamma, was integrated into the
same set of categories and relationships already identified
in order to further investigate the awareness network
concept. This integrated analysis of the three different
datasets is reported in this paper.

At this point, it is important to distinguish the focus of
analysis in each dataset. In the Alpha team, developers
were performing maintenance of the Alpha application,
i.e,, at the time of the study there already were previous
versions of the Alpha software, i.e,, Alpha developers
were making changes in the next version of their soft-
ware. Furthermore, each change in the software was asso-
ciated with a change request in the bug-tracking tool (see
section 4.1). This means that, in this project, we were con-
cerned with the work practices adopted by software de-
velopers that lead to the identification of their awareness
networks during the work required to implement each
change?. Meanwhile, the Beta team was developing the
first version of their client-server application and as a
consequence chose not to enforce strict bug-tracking
processes. Therefore, our analysis focused on aspects re-
lated to the implementation of the Beta software. Also,
our analysis of the awareness network in the Beta team
was broader than in the Alpha team because it encom-
passed the entire implementation phase. Again, this
means that our data collection and observation included
data about it, i.e., our questions were asked regarding the
beginning of the implementation phase. Finally, in the
Gamma team, we focused our analysis on the entire soft-
ware development process. In other words, while the data
was collected during the implementation phase, we re-
port here aspects of the awareness network identification

% This is similar to what was done by Cataldo and colleagues [9].
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that are related to past software development phases (re-
quirements and design) and future ones (testing).

The following sections describe the work practices of
the Alpha, Beta, and Gamma teams, how their developers
identify their awareness networks, and the organizational
factors that influence these practices.

4 THE AWARENESS NETWORK IN THE ALPHA
TEAM

4.1 Task Assignment

For accountability purposes, all changes in the Alpha
software need to be associated with a problem report
(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 as-
signed to work with one or more PRs. These PRs are re-
ported 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 divide a
PR into multiple PRs that achieve the same goal. This di-
vision 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.

As mentioned in the previous section, each developer
is assigned to one or more processes and tends to special-
ize 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.® In this case,
Alpha developers need to identify and contact the process
owner to find out whether there is a problem in the proc-
ess.* 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 soft-
ware 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 proc-
ess affected by those changes.

> This might happen due to various circumstances. For example, before

launching a new release, the entire workforce is needed to fix bugs in the code;
therefore, developers might be assigned to fix these bugs no matter where they
are located. Or, a developer who already started working on a bug, because it
seemed to be located in his or her process, might later find out that the bug is
located in a different process. In this case, it is easier to let that developer con-
tinue to fix the bug due to the time already spent in understanding it, than to
assign it to a different developer at that point.

4 Sometimes bugs are reported because of an abnormal behavior that might be
considered a problem; the role of the developers in this case is precisely to find
out whether there is a problem. This happens due to the complexity of the Alpha
code and the lack of domain knowledge of Alpha software developers [12]. In
this case, developers discuss the issue face-to-face and/or by email, and a PR is
not inserted in the bug-tracking tool until the existence of a bug is confirmed.
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4.2 Identifying Who to Contact

The need to contact process owners means that the devel-
oper 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 in 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 situa-
tion, newcomers use information available in the team’s
mailing list. The software development process prescribes
that software developers should send email to this list
before integrating their changes in the shared repository.
Developers thus associate the author of the emails de-
scribing the changes with the “process” where the
changes were occurring: Alpha team members assume
that if one developer repeatedly performed check-ins in a
specific process, it was very likely that he or she was an
expert on that process. Therefore, a developer needing
help with that process would know who to contact for
help. According to Alpha-Developer-04:

If you are used to looking at the headlines and know that
[tool1] stuff seems to always have [Alpha developerl]’s
name on it and all of a sudden you get a bug, for us with the
GUI because you can get it from any point, I could end up
with a GUI bug that ends up being [tooll]-ish in the PGUI
and what do I do? I don’t understand why this thing behaves
the way it does but most of those PRs seem to have [Alpha
developerl]’s name on them. So you go down and see [Al-
pha developerl]. So by just reading the headline and who
does what, you kind of get a feeling of who does what,
which isn’t always bad. (...) [Alpha developers2] does
[tools2] sort of stuff and although I have never had to talk to
him about it, but if I run into a problem, by reading the
email or seeing them, he tends to deal with that kind of stuff
so they [the broadcast email messages] tend to be helpful in
that aspect as well. If you have been around 10 years, you
don’t care, you already know this. I have only been here
two years and that stuff can make a difference—who you
ask the question to when you get in trouble.

This quote illustrates how new members have diffi-
culty in identifying who to contact for help; their aware-
ness network is unknown. This also shows how software
developers use an organizational guideline (broadcast
emails for each check-in) to glean the necessary informa-
tion.

4.3 The PR Work

After having his or her changes approved by the process
owner(s), a developer fills in the other fields of the PR,
describing not only the changes made in the code
(through the designNar field, for example), but also the
impact these changes are going to have on the V&V staff.>
The information about the impact on the V&V staff is re-

® Process leads also use information about changes in the code to assess the
impact of the changes in the software architecture during code reviews.
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corded in two PR fields: (i) the “how-to-test-it” field is
used by the test manager, who creates test matrices that
will later be used by the testers during the regression test-
ing; and (ii) another field that describes whether the Al-
pha manuals need updating. The documentation expert
uses this information to find out whether the manuals
need to be updated, based on the changes introduced by
the PR. In some cases, developers are even more specific:

Developers will be very helpful and they will say “Figure 7-
23 in the [tool] manual needs to be changed.” If they do
that, it makes my job easier and I appreciate it, but I don’t
expect it.

In short, problem reports facilitate the coordination of
the work among Alpha team members. They provide in-
formation that helps team members understand how their
work is going to be impacted, which is useful for different
members of the team according to the roles they are play-
ing.

4.4 Writing Emails

To conclude the work required to make changes in the
Alpha software, developers need to inform their col-
leagues that they are about to commit their changes to the
shared repository. This is done by sending an email to the
rest of the team. These emails are necessary due to the
lack of modularity of the Alpha software: a change in one
particular “process” could impact all other “processes.”
According to a senior Alpha developer:

There are a lot of unstated design rules about what goes
where and how you implement a new functionality, and
whether it should be in the adaptation data or in the soft-
ware, or should it be in [process1] or should it be in [proc-
ess2]. Sometimes you can almost put functions anywhere.
Every process knows about everything, so just by makefiles
and stuff you can start to move files where they shouldn’t
be, and over time it would just become completely unmain-
tainable. ... yeah, every process talks to every other one.
[emphasis added]

We discuss later in section 7.4 how the structure of the
Alpha software, in particular, its non-modular software
architecture, influences the strategies used by software
developers to identify their awareness networks.

4.5 Reading Emails

Emails exchanged among team members are also used by
software developers to find out whether they have been
engaged in parallel development. Parallel development
happens when several developers have the same file
checked out and are simultaneously making changes in
this file [42]. Note that, in the Alpha team, if a developer,
John, is engaged 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 email from Mary about her
check-ins. By reading these emails, John will be aware
that he is engaged in parallel development with Mary

because her email describes, among other things, the files
that have been checked in®. In this case, John is required
to perform an operation known in the Alpha team as a
“back merge.” This operation is supported by the con-
figuration management tool adopted by the team and is
required before a developer can merge his or her code
into the main branch.

Parallel development happens because the Alpha
software is organized in such a way that parts of it con-
tain important definitions that are used throughout the
rest of the software. This means that several developers
constantly change these parts in parallel; back merges
thus are performed fairly often:

It depends on ... there are certain files, like if I am in [proc-
essl] and just in the [process2] that [back merges] is proba-
bly not going to happen, if I am in the [process3] there is
like ... there is socket related files and stuff like that. I think
[filename] and things of that sort. There’s a lot of people in
there. The probability of doing “back merging” there is a lot
higher.

To avoid back merges without avoiding parallel de-
velopment, 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
parallel by several developers. This strategy reduces the
number of back merges needed and minimizes the likeli-
hood 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 addi-
tional work for the developers.

5 THE AWARENESS NETWORK IN THE BETA TEAM

5.1 The Organizational Context

As mentioned previously, applications developed in the
BSC organization should be designed according to a ref-
erence architecture based on layers and APIs, so that
components in one layer could request services only for
components in the layers immediately below them
through the services specified in the APIs. By using this
approach, changes in one component could be performed
more easily because the impact of these changes is re-
stricted to a predefined set of software components. In
addition, changes in the internal details of the component
can be performed without affecting this component’s cli-
ents. As a consequence of this approach, it is not neces-
sary to broadcast changes to several different software
developers, but instead just to a small set of them. That is,
by decoupling software components, it is possible to fa-
cilitate the coordination of the developers working with
these components [11, 41].

® Note that by reading emails, Alpha developers can both identify their aware-
ness network and, at the same time, to become aware of their colleagues’ actions.
In our case, we are interested in the identification of the networks, but this is
only an analytical distinction.



This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication.

Unfortunately, organizational factors decrease the ef-
fectiveness of this approach. For example, 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 organiza-
tion 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. Because of that, developers do not receive impor-
tant information that affects their work (e.g., important
meetings they need to attend).

This problem is aggravated by the young age of the
project, according to Beta Developer-15:

When you sit on a team for two years, you know who eve-
rybody is. Even peripherally you know who people are. So
if we had to get answers about /another BSC product in the
market for years], we have so many people on the team who
were on the team for so long /a/ period of time they can get
the answer immediately. They know who the person is even
if they have never met them. We don’t have that in this
group because it takes time for those relationships to de-
velop ... like I talked to so and so and talked to so and so
and so on. You only have to go through that once or twice
because once you have gone through that you know the per-
son. I think part of that frustration is how you spin up those
relationships more quickly. I don’t know if you realize this
but this team has only been in existence since last year. So it
is a ten-month-old team.

In short, Beta developers have difficulty identifying
who they need to contact to get their work done, and they
acknowledge that this is problematic. A developer, for
instance, reported talking to up to 15 people before find-
ing the right person:

Interviewer: “So have you experienced this problem?”

Beta Developer-15: “Totally. That is what I have said. [ am
kind of merciless in trying to find the right person. I have
shotgunned up to four or five people at once to say 'do you
know who is responsible for this?" and then gotten some
leads and followed up on those leads and talked to as many
as 10 to 15 different people.”

Another developer complained about the need to sim-
plify the “communication channels” in the organization
to avoid having to interact with different managers to
find out who was the person responsible for implement-
ing a particular software component. This same devel-
oper reported that one of the teams providing a compo-
nent to his team is not even aware of his team’s need. On
another occasion, a developer tried to find out whether
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she could use a particular user-interface (Ul) component.
The Ul designer working with her indicated a developer
in Japan who was using this same component. It was this
Japanese developer who recommended to her another
software developer, back in the U.S., who was imple-
menting the Ul component she wanted! Finally, a devel-
oper suggested that a database containing information
about who was doing what in the organization was nec-
essary: “sometimes you wanna talk to a developer ... the
developer in the team who is working in this feature [that
you need].”

Architects and managers also recognized this situation
as problematic:

The problem with that [not knowing who to contact] too is
that there is another case where people are thinking that
there is someone else doing something [but] when push
comes to shove and it gets pushed on to you, it is an empty
void because they don’t stand up and say that they have
tried to identify their server counterpart and my client coun-
terpart and there is not one. We have a problem here.

5.2 Identifying Who to Contact

In order to identify who they need to contact, developers
adopt different approaches. First, they rely on their per-
sonal social networks and “activate” them as they see fit,
for instance, by sending email 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.

Another approach to identify the relevant person to be
contacted is to leverage their knowledge about the soft-
ware architecture. In one occasion, a client developer “fol-
lowed” his technical dependency in order to switch
teams: his software component had a dependency on a
component provided by the server team, who actually
had a dependency in a component from the infra-
structure team, who depended on an external team’s
component. To simplify the communication channels and
make sure that the client team would have the component
it needed, the manager of the client team decided to
“lend” one of the client developers to the external team.”
By doing so, the manager, to some extent, could guaran-
tee that the needed services would be implemented and
that the person doing this work would be someone famil-
iar. In other words, by doing that the manager could
guarantee that his awareness network was stable.

Identifying whom to contact is a problem in the entire
BSC organization. Indeed, BSC managers create a discus-
sion database that developers can use to identify the peo-
ple necessary to answer their questions. However, due to
the large number of databases already in use, managers
have to slowly convince BSC developers of the impor-
tance of this particular database:

The management team is really trying to socialize the idea
that [the discussion database] is the place to go when you

" In software engineering, artifact dependencies (such as the ones that exist
among the components of a software system), often imply dependencies among
software developers [24, 48].
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have a question and you don’t know who can answer it.
They are really trying to socialize that people should give a
scan to it every once in a while to see if they can help and
answer a question. The amount of traffic there has picked up
quite a bit in the last couple of months, especially in the past
couple of weeks. My team has not gotten that message a
hundred percent yet. There is a tool for it and a place to go
that I have had a lot of success with when I use it; it is just
that the message has not gotten out yet that that is the place
to go. One of the things that happens when you have so
many databases [is] it takes a while for one to emerge as the
place to be. This is turning out to be the place to be.

Not everything is hectic in the BSC organization,
though. An organizational aspect facilitates the identifica-
tion of the awareness network: the API review meetings.
Within the Beta team, these meetings are scheduled to
discuss the APIs being developed by the server team. The
following people are invited: API consumers, API pro-
ducers, and the test team that eventually will test the
software component’s functionality through this APIL In
addition to guaranteeing that the API meets the require-
ments of the client team and that this team understands
how to use it, this meeting also allows software develop-
ers to meet. After that, the server team provides APIs to
the client team with “dummy implementations” to tem-
porarily reduce communication needs between them,
thus allowing independent work. This approach is useful
only in some cases, due to the time that passes between
API meetings and the actual implementation of the APL
In the meantime, changes in developers’ assignments
may cause communication problems because developers
do not know about each other anymore. In short, changes
in assignments change the awareness network, thereby
making the work of software developers more difficult to
coordinate.

5.3 On the Effectiveness of Notifications

Beta developers have an expectation that major changes
in the software are preceded by notifications, so that eve-
ryone is informed about changes that could affect their
work. In fact, developers reported warning their col-
leagues of major changes in the code and their associated
implications. This is done in group meetings, which pro-
vide an opportunity to developers to inform their team-
mates. Developers also inform their colleagues on other
teams. For instance, server developers inform the installa-
tion team of new files being added or removed so that the
installation procedures can be updated with this informa-
tion. In other cases, Beta server developers may negotiate
changes with client developers in APIs that existed be-
tween the teams before actually performing the changes.
However, the usefulness of these notifications is con-
tingent upon knowing who to contact. As discussed in the
previous section, not all Beta developers know their
awareness networks, and therefore are not able to pro-
vide and receive important notifications. For instance,
Beta-Developer-15, when asked about a specific situation

regarding notifications he was supposed to receive, but

did not receive, reported the following;:
Let me give you an example. Our database developer
[name] had certain files that were used to create databases.
He changed the names of the files at one point so we lost
some time while people were trying to deploy because they
went to follow the instructions that I had written and they
could not find the files that [ was telling them to run. ... But
that is the flavor of the type of thing I am talking about.

Because developers can miss important information, a
strategy adopted by this same developer is to read every-
thing to find out what could impact him:

Interviewer: “In your particular case, have you not received

an email that you should have received? And because you

did not receive it, have you wasted one day of work, for in-

stance?”

Beta Developer-15: “Partly that. I sort of make up for that
by reading everything. Obviously, it is not a generically
good solution because it means that you waste a lot of time.
I basically stay in a hyper alert state constantly looking for
things that impact me. The problem is that you read through
a lot of things that you are not really interested in. I have re-
viewed a lot of these design documents [that I mentioned
earlier] and I probably don’t ever have to necessarily read
but I did not know if there was anything in there that was
relevant to installation. ... Part of it is attention, being able
to remind somebody that you are interested in what it is that
they are doing.” [emphasis added]

This quote clearly illustrates one of the problems of the
misidentification of awareness network: extra work. In
this case, Beta-Developer-15 has to read all email notifica-
tions because he does not know who can affect him.

Other developers are similarly concerned about receiv-
ing too many notifications about things that are not rele-
vant to them, especially when dealing with discussion
databases. That is, they are concerned about not being in
one’s awareness network and still receiving notifications
of changes. According to Beta Developer-13:

I think that in the beginning when it [the discussion data-
base] was small, we used to go in everyday, at least I did,
and look for new documents and keep updating. Now it is
like, if someone has sent me an email that said that they
have a related document and here is a link, that is when I go
to it. Because otherwise it is massive amounts of things and
I cannot even make sense of it and how it is relevant to me. ®

Even if the notifications are delivered to the right per-
sonnel, notifications are useful only to some extent: once
an API is made public, control of who is using it is lost,
and therefore notifications are no longer necessary be-

% This problem occurred because the BSC was already using several different
databases, which were not organized nor updated often. This is a common prob-
lem reported by Beta developers.



This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication.

cause these APIs cannot change. As described by a server

developer (Beta Developer-10):
We have latitude to change it [the API] as long as we are
talking about an unpublished or semi-private APIL. If itis a
contract between us and the client people, we probably have
more latitude to change it and therefore they can trust it a
little less than if it was a published API. At that point it
would be very difficult to change it because people would
be relying on ... right now we control everything that has a
dependency, we control all the dependencies because the
only people who are using the API are our own client teams
and test teams and we can negotiate changes much easier
than if they were external customers that were unknown to
us or people in the outside world who we don’t control and
who also could not readily change their code to accommo-
date our API changes. We would have to go about carefully
deprecating, evolving ... some features.

6 THE AWARENESS NETWORK OF THE GAMMA
TEAM

6.1 The Organizational Context
As mentioned before, the Gamma and the Beta teams
were part of the BSC organization. However, in contrast
to the Beta team, the Gamma team did not have a refer-
ence architecture to comply with because its application
was targeted to a mobile device with severe resource con-
straints. BSC’s reference architecture aimed at client-
server applications. Accordingly, APIs in the Gamma
team were not as relevant as in the Beta team from an
architectural point of view. Furthermore, APIs in the
Gamma team were not team boundaries, as they were in
the Beta team, that is, the API boundaries were not
aligned with organizational boundaries [16]. Therefore,
API design review meetings and other API-related prob-
lems were not as relevant. A Gamma developer located in
Taipei, who was consuming services from an API, re-
ported that it was easy to coordinate his work with the
person who was implementing the API services:
Informant: “... and then I’ll send her an email that, ‘Is it
okay for me to — is that ready for me now?’ Then she will
tell me that, ‘Okay, it’s ready,’ or ‘Sorry, it’s not imple-

995

mented yet.

Note that this developer is talking about another de-
veloper located in Massachusetts, suggesting that geo-
graphical distribution was not a cause of concern for
these developers [16]. In another occasion, a different
Gamma developer informed us about the effectiveness of
notifications about changes in the APIs:

Researcher: “So basically, in case this — assuming that she
has to make a change in API, so is she — does she send you
an email or something telling that she’s changing those
or...?”
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Informant: “Oh, no. She’ll tell me. Well, because the prob-
lem is if she actually changed the API, she’s going to break
my code; my code won’t compile, so...”

Researcher: “She’s going to send you an email or ping you
or even stop by or something?”’

Informant: “Yeah, exactly. And I’d have to search through
my code and — to make those changes and know that my
code wasn’t going to compile until it (inaudible) with hers.”

In contrast to the Beta team, notifications were effec-
tive in the Gamma team because Gamma developers
knew who to contact, that is, they were mostly aware of
their awareness networks.

Some of the observations in the Gamma team, how-
ever, were similar to the Beta team. For instance, develop-
ers had an expectation that major changes in one’s code
that break their colleagues’ code would be publicly an-
nounced.

In the following section, we focus on aspects of the
Gamma team that are relevant for our analysis: the identi-
fication of the awareness network during the entire soft-
ware development process.

6.2 The ldentification of the Awareness Network

In the Gamma team, our analysis focused on the broader
software development process instead of focusing on a
specific task (as in the Alpha team) or on solely in the im-
plementation phase (as in the Beta team).

As in most modern software development projects,
members of the Gamma team needed to discuss the user-
interface of its software. This was an internal discussion
because there was a group of user interface designers
within the team located in Raleigh, N.C. This discussion
was an iterative process in which both developers and Ul
personnel made suggestions about how to implement the
design. According to Gamma-developer-02:

Before the design changes—the design was there and we
were implementing it and going, “Oh, this isn’t going to
work and we need to change this and what-not,” and we had
a lot of design meetings and changed the specs and then
they were playing catch-up for awhile trying to get those
changes into the specs and now I think the specs are done
and we have to get back in and do the changes.

Note that by the time our data collection took place,
according to this same developer, most of the design
work and discussions were finished. At that time, soft-
ware developers were implementing the Ul design itself.
In addition, the discussion among these different team
members occurred using a variety of media, as the team
members saw fit. For instance, major design changes pro-
posed by the implementation team required meetings
involving both developers and Ul designers who needed
to agree upon a solution, whereas minor changes were
simply negotiated between the developer and UI designer
responsible for the feature being changed. In any case,
design changes were reflected back into the Ul specifica-
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tion for future reference.

We usually contact them [the Ul team] through email; occa-
sionally through [the instant messenger tool] and for the
most part we hash out, either in a meeting, in a teleconfer-
ence or in an email thread—we’ll hash out a specific design
point and then, presumably, it will get put into the official
spec[ification] in the official database and then we can go
back and reference it.

Other teams were involved in the design phases as
well. For instance, Gamma-developer-05 was involved
with the implementation of the security aspects of the
application. According to him:

I also have to interact with a database [name of technology]

team in California because the encryption they gave us

wasn’t strong enough and we requested for the next release

a stronger encryption.

We also observed that the members of the Gamma
team dealing with the implementation were also con-
cerned with managers and members of the quality assur-
ance (QA) team.

Researcher: “So do you guys have a teamroom or

something like that?”

Gamma-developer-04: “Yes. It’s a [shared] database. ...
one thing that we do use a teamroom for is if people have
deliveries to make, in terms of feature work, they’ll put a
note in the teamroom. And it’s a response to a specific
document. So I think that’s more for managers. At this point
we’re two weeks away from feature freeze, so they want to
know where things are and what’s going to be in each build
so that—number one, the managers just know that we’re
making progress toward feature freeze and they’ll know—
they’ll be able to see if things are in trouble or not. And the
second reason being that the QA team needs to know spe-
cifically what features they can test so they’re not writing
[bug reports] that are just irrelevant because features ha-
ven’t been implemented yet.”

In other words, developers specifically use the team-
room to provide information to managers and QA team
members, that is, they use a tool to keep their colleagues
informed about their work. It should be noted that this
teamroom has information about who writes information
into it, but no information about who reads the informa-
tion from it. Therefore, developers provide information
for the QA and managers teams, without knowing which
specific individuals were using this information. In fact,
we have additional evidence that most Gamma team
members who were implementing the application were
not aware of the names of specific individuals of the test
team.

Based on our interviews, we noticed that interactions
between Gamma developers and members of the Ul team
were mostly finished; interactions between the Gamma

and security teams were still going on, since Gamma was
waiting for features from the security team; and, finally,
interactions between Gamma and the QA teams were
mostly nonexistent. Members of these teams were coordi-
nating their work through a teamroom. In other words,
the awareness network of Gamma team members
changed according to the software development phase. In
the past, it involved Ul designers more actively; currently,
this is true to a lesser extent. Security and other infra-
structure teams and managers were also part of the
awareness network during the data collection. And, fi-
nally, the QA team was not a relevant part of the aware-
ness network at the moment, but they were going to be
once the implementation team finished their work. Here
again, the software architecture plays a major role: not all
software developers were involved in implementing Ul
or infra-structure concerns—only developers working on
particular parts of the software architecture. That is to say
that the software architecture, to some extent, influenced
the awareness network of Gamma developers. The QA
team, in contrast, was not influenced by the software ar-
chitecture because all parts needed to be validated.

7 DiscussIiON

7.1 On The Conceptualization of Awareness

It is important to point out that the concept of awareness
has caused some controversy within the CSCW commu-
nity, with some researchers arguing that is has been more
harmful than useful [31]. As noted in the introduction, a
large body of previous work has adopted the description
proposed by Dourish and Bellotti [18]: “an understanding
of the activities of others, which provides a context for
your own activity.” This description has been interpreted
in such way that awareness is then reduced to simply
information that is shared among social actors. Based on
such a conceptualization, some researchers have created
classifications of types of information that are useful in
supporting awareness [26].

Such codifications benefit designers interested in pro-
viding tool support for collaborative activities. For in-
stance, event notification servers [35, 36] allow one actor
to subscribe to the information that he or she is interested
in receiving, while other information sources provide
information that it is sent to this server. In other words,
this approach is based on two assumptions. The first as-
sumption is that social actors actively subscribe to infor-
mation that is relevant for them. The second is that one
knows which information sources should provide infor-
mation to those interested. As our ethnographic data sug-
gests, neither assumption is always true. Hence, we were
motivated to re-examine the work practices that support
awareness in distributed settings.

7.2 Awareness and Socio-Technical Congruence

Recently, the socio-technical congruence approach [7, 9]
has gained attention in the literature of collaborative
software development. Congruence is based on a match
between “the coordination requirements established by
the dependencies among the tasks and the actual coordi-
nation activities carried out by individuals”. Often, these
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coordination activities are associated with communica-
tion. We believe the concept of awareness and findings
from previous CSCW research can shed light into inter-
esting aspects of the concept of congruence.

As we discussed in the introduction, awareness has
been conceptualized as a set of work practices used by
competent social actors to successfully coordinate their
work. These practices involve both monitoring and dis-
playing of actions, and actors appropriately choose the
degree of obtrusiveness to be used to monitor and display
their actions according to the context at hand. Seminal
studies of work practices [27-29] have pointed out differ-
ent mechanisms used by actors, including pointing out an
object, gazing, moving towards an object, stressing words
in a conversation with a third person, and so on. In these
cases, coordination is achieved without direct communi-
cation between the actors involved and often, no trace of
such coordination is left. By understanding the concept of
awareness, it becomes clearer that coordination does not
imply direct communication among the parties. This re-
sult is aligned with results in organizational theory [52,
56]. A further implication is that care must be taken if the
concept of congruence is operationalized: to assume that
coordination is based solely on direct communication between
the parties is a mistake. For instance, in the Alpha team,
developers provide information into the PR about “how
to test” the change they just wrote. When this information
is filled the software developer does not even know who
is the QA team member who is going to use it. Even in
distributed teams similar situations occur: in the Gamma
team, developers write information into the shared data-
base about the code they are finishing and that informa-
tion is used by members of the QA team without devel-
opers knowing which member of the QA team was going
to use it. In short, congruence gaps [55] or socio-technical
clashes [2] need to be carefully investigated: the simple
fact that communication between developers, in collo-
cated or distributed contexts, is not taking place, does not
imply that these developers are not successfully coordinat-
ing their work.

7.3 The Fluidity of the Awareness Networks

As mentioned before, the concept of awareness is associ-
ated 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 emails (Alpha team), “following” dependencies
(Beta team), reading (Beta team) and writing (Gamma
team) information into databases, among others.

It is worth noting that awareness networks are fluid
and context-specific. That is, these networks easily change
components (the software developers involved) and size.
For instance, once an Alpha developer starts working in a
PR, his or her awareness network is limited to the owners
of the processes that the PR involves. This is necessary
because these owners can provide information about the
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potential problem investigated in the PR (they are the
ones who can answer the question: “is it really a prob-
lem?”). Note that developers do not know beforehand all
the processes involved in the change—a common situa-
tion in software systems [47]. Therefore, this network
might change as a software developer explores the prob-
lem described in the PR. When developers need to fill in
the PR fields to complete their work, their awareness
network includes the V&V team members who will be
affected by their changes. In this case, the identification of
the awareness network is facilitated by the PRs because
these artifacts already provide useful information about
the impact of changes. Finally, before checking-in their
changes, software developers’ awareness networks be-
come the entire software development team as they need
to broadcast their changes to their colleagues. This is nec-
essary because Alpha’s software architecture is non-
modular and a change in a process can impact all other
processes. During this whole process, if developers are
engaged in parallel development, their awareness net-
work includes the other developers who are changing the
same files. To deal with this situation, developers perform
partial check-in’s of files that are more likely to lead to
parallel development. In this case, software developers
use their knowledge about the software architecture (the
files that exhibit high degree of parallel changes [42]) to
reduce the size of the awareness network and, by doing
so, reduce their coordination efforts.

The same fluidity can be observed in the Beta team,
but now on a different scale, i.e., instead of being context-
specific (or PR-specific), the awareness network changes
according to the overall implementation, which can ar-
guably be associated with either API-implementation or
API-consumption. In this case, changes in developers’
assignments lead to changes in their awareness networks.
In addition, when new developers start to reuse a soft-
ware component through its API, this means that the
awareness network of both the component’s provider and
consumer increases. To be more specific, APIs go through
a publication process: they are initially private (without
clients), then they are made semi-public (they have inter-
nal clients), and finally they are publicized (external cli-
ents can use it). Private APIs can be changed without a
problem because no one is affected. Semi-public APIs
require changes to be negotiated to minimize their impact
on their clients. Finally, public APIs cannot be easily
changed; they have to go through a slow process of
change in which API services are somehow marked to
indicate that API consumers should stop using them. As
an API goes through this publication process, the aware-
ness networks of the developers implementing the API
expand: initially the awareness network is small because
almost no one is affected, but in the end it becomes so
large that it is impossible for an actor to account for all its
members. As the awareness network expands, software
developers” work practices need to change as well to ac-
commodate this situation.

Finally, in the Gamma team, it is also possible to ob-
serve changes in the awareness network, but these
changes are related to the specific software development
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phase. During the requirements, the UI team was a major
part of software developers’ awareness network because
changes in the design specification lead them to change
their work, and, also suggestions of changes made by
developers would impact UI designers. During the over-
all project phase, infra-structure teams (like the database)
provided services to the Gamma team, therefore they
were part of the awareness network of these developers.
Finally, the QA team was part of the awareness network
of software developers towards the end of the implemen-
tation phase, when these developers started finishing the
implementation of certain features, therefore they needed
to inform QA team members which features needed test-
ing. Note also that Gamma developers provided informa-
tion to the QA team without knowing which individual
team members would use this information. In other
words, the awareness network of developers included the
QA team as a whole, instead of specific members of this
team.

Note, however, that the fluidity of the awareness net-
works in the Alpha, Beta and Gamma teams is different
because of the scope of the analysis we performed. More
specifically, whereas the awareness network changes
somewhat rapidly during the course of work on a PR for
Alpha developers, it changes slower in the Beta team be-
cause it is related to the overall implementation phase,
and, finally it changes even slower in the Gamma team
because the awareness network is largely associated with
the software development phase in due course. Accord-
ingly, changes in the Alpha developers’ network are tem-
porary (they last only while the PR work lasts), whereas
changes in the Beta and Gamma teams are more perma-
nent, at least until the next change in assignments in the
Beta or the next process phase in Gamma.

7.4 Factors Influencing the Awareness Network

The data clearly present how three different factors influ-
ence the awareness network: the organization-wide reuse
program, the young age of the project, and, finally, the
software architecture.

The organizational reuse program in the BSC corpora-
tion influences the size of the awareness network: a Beta
developer can need information from any other software
developer in the organization, if the first developer’s code
depends on the second’s. The result of this approach is
that a software developer’s awareness network could po-
tentially be any software developer in the organization.
API team meetings alleviate this situation because they
allow component providers and consumers to meet; how-
ever, changes in team membership make the situation
vulnerable again. To deal with this problem, Beta devel-
opers adopt approaches to identify their networks (social
networks, databases, etc.) and broadcast messages, but
this causes complaints about information overflow that is
not related to one’s work. In other words, Beta developers
may receive notifications from developers who do not
belong to their awareness network. This situation is iden-
tified throughout the entire organization. Overall, this
situation was not problematic in the Gamma team be-
cause the hardware constraints they had to adhere to led

to fewer interactions between the Gamma team and other
teams in the BSC organization.

The second aspect that influences the identification of
the awareness network is the software developers’ ex-
perience in the project. Whereas the Alpha project had
been going on for more than nine years at the time of the
study, the Beta project and the BSC organizational reuse
program existed for little more than nine months! As one
developer pointed out, this was not enough time to allow
software developers to establish the social connections
among themselves required for the accomplishment of
their work. Similarly, novice Alpha developers men-
tioned the importance of knowing who to contact in the
project in order to finish their work without impacting
their colleagues.

Finally, the software architecture is the third factor that
influences the awareness network. Alpha software devel-
opers recognize that the Alpha software architecture is
not modular, and as a result, a change in one software
process can affect several other processes (and their de-
velopers). In contrast, Beta software has an architecture
defined according to best practices in Software Engineer-
ing with controlled dependencies through layers, APIs,
and so on. This architecture, called modular, implies a
small number of developers being impacted by changes.
Gamma’'s architecture was also modular, although not as
modular as Beta due to constraints in the mobile device.
On the one hand, a non-modular architecture leads to
larger awareness networks, and as a result, specific co-
ordinative practices: the displaying of actions is done by
email broadcasts and PR fields, whereas the monitoring is
performed by reading emails. On the other hand, modu-
lar architectures lead to more manageable awareness
networks, which could not be fulfilled in the Beta team
due to organizational factors. In this case, developers also
display their knowledge about the software architecture
when they “follow the dependency” to find out to which
team they should switch in order to provide the necessary
services. Note that the influence of the software architec-
ture result is not surprising because this influence has
long been recognized to affect the coordination of the
work [9, 11, 16, 24, 41, 48]. What is more relevant here is find-
ing out how software developers make use of that information to
facilitate their work.

7.5 Managing Awareness Networks

Another important aspect that deserves attention is soft-
ware developers’ effort to manage their awareness net-
works. This aspect can be illustrated in all three teams. In
the Alpha team, the more experienced software develop-
ers relied on their knowledge about the software architec-
ture to avoid engaging in parallel development, because
this obliges one to monitor other software developers, i.e.,
this enlarges a software developer’s awareness network.
To reduce their networks, Alpha developers perform
“partial check-ins”. Similarly, the Beta team manager, as
discussed, proposed to “lend” one of his developers to
another team so that he could work on the feature Beta
developers needed. By doing that, the Beta team would
avoid changes to that particular piece of his awareness
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network: as long as its developer was in the other team,
team members would know whom to contact about the
particular feature. Finally, the Gamma development sub-
team used a database to “communicate” the conclusion of
their features for the Gamma QA sub—team. Through the
database, developers could provide information to the
QA team, without needing to be familiar with the individ-
ual QA developer testing their code. This is again similar
to what was done by Alpha developers who filled PR
information that was relevant to QA members, without
knowing which QA team member was going to use the
information. In all three cases, it is clear that software de-
velopers try to manage their awareness network to avoid
engaging in additional coordination.

7.6 Problems from Failing to Identify Awareness
Networks

The reason why software developers in the three teams
we studied were actively managing their awareness net-
works is because not knowing their networks was very
costly. Our data clearly stresses the importance of this
identification and the associated cost of misidentification.
This cost of lacking awareness is backed up by other re-
searchers [20]. Taking an instance from our data, observa-
tions from the Beta team suggest that when the awareness
network is misidentified, the collaborative effort is se-
verely damaged: most of the problems faced by Beta de-
velopers (delays in their work, extra-work, uninteresting
notifications, notifications overflow, missing notifications,
and so on) are due to difficulty in identifying their
awareness network. To deal with this problem, these de-
velopers need to adjust their work practices accordingly.
As we discussed before, Gamma developers, although
located in the same organization, did not see this identifi-
cation as a problem because code dependencies and or-
ganizational boundaries were not aligned [16]. Similarly,
in the Alpha team: due to the duration of the project,
most developers already knew their colleagues’ expertise
and, therefore, their awareness networks. The only excep-
tion was newcomers, who did not know this information,
but who used email to identify the process leaders.

7.7 Comparing Awareness and Expertise Networks

Some of our colleagues have observed a similarity be-
tween the concept of an awareness network and the concept
of an expertise network. Therefore, we developed a com-
parison to clarify the concepts.

Collecting some descriptions of awareness and exper-
tise finding (and associated terms) provides a starting
point. There is the Dourish and Bellotti description of
awareness as “an understanding of the activities of others,
which provides a context for your own activity [18].” In
the introduction to this present paper, we described an
awareness network to be “the network of actors whose ac-
tions need to be monitored by an actor and those to
whom this actor needs to make his or her own actions
visible.” Ehrlich explains that “an expertise locator pro-
vides a valuable tool for individuals to develop aware-
ness of “‘who knows what’ and to reach out to people
across the organization [19].” Her description is very con-

IEEE TRANSACTIONS ON JOURNAL AUTHOR 1 & AUTHOR 2, MANUSCRIPT ID

sistent with Ackerman and colleagues who explain that
“expertise finders, or expertise recommenders, are a form
of recommendation system ... but expertise finders point
people to other people. [1]” Nardi and colleagues describe
intensional networks as social networks that individuals
maintain in order to effectively come together to achieve a
task, a very dynamic and fluid team [39].

Reviewing these descriptions begins to reveal some
similarities and differences at a high level. Knowing
whose actions need to be monitored and to whom one’s
actions should be made visible is critical in awareness.
Knowing who to contact and speak with is critical in ex-
pertise location. In both cases, there is a kind of knowing
about others that is essential. In the context of this paper,
and the awareness network concept, the knowing is about
others’” activities and responsibilities in an on-going task,
e.g., a software development or maintenance task. With
respect to expertise networks, the knowing is about oth-
ers’ aggregated or historical achievement in a wide range
of contexts and activities. In short, the former evokes a
characteristic of specificity while the later evokes a char-
acteristic of generality.

We can examine the concepts along several dimensions
emphasizing the extremes, where prototypical differences
are clearer. Timeframe and scope. Expertise networks are
intended to cover organizational timeframes whereas
awareness networks exist in task and project timeframes.
Expertise networks cover careers and multiple projects
while awareness networks cover members in a team and
one or a few projects. Purpose. Expertise networks focus
on general abilities whereas awareness networks focus on
specific activities. Size. Expertise networks are enterprise
wide while awareness networks are team sized.

Similarly, reflecting on objectives, some contrasts
emerge at the extremes. Expertise networks reflect the
developing and maintaining of an information repository
(the expertise network) while awareness networks reflect
the carrying out of a specific task. Expertise networks
require eliciting tacit knowledge and transcribing explicit
information while awareness networks require displaying
and monitoring one’s activities. Expertise networks pre-
scribe new contacts or remaking old contacts, while
awareness networks emerge by observing coworkers’
activities. Here, an example can illustrate how the con-
cepts blend in the middle of the spectrum. Namely, our
own study of awareness networks revealed one practice
wherein managers encouraged the use of a discussion
database (Section 5.2). The objective was to help identify
the right people for answering certain questions. Though
this concept was a weak component (managers had to
enforce its use) of maintaining awareness, it is more simi-
lar to expertise finding than awareness.

Finally, a key consideration for both expertise net-
works and awareness networks is their use for synthesis,
such as building support tools, or for analysis, such as
drawing attention to an overarching phenomenon. For
instance, the paper by Nardi and colleagues is an example
of using the concept of intensional networks for analytical
purposes [39]. At the same time, Nardi and colleagues
also developed a tool for supporting intensional networks
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[40]. Zhang and colleagues used the concept of expertise
networks to analyze on-line, question-answer forums and
then synthesized expertise ranking algorithms [57]. Our pre-
sent paper is a good example of the application of the
concept of awareness networks as an analytical frame-
work. We hope to see other researchers exploring this
concept as a design feature of collaborative tools.

As discussed above, awareness networks and expertise
networks differ in a number of dimensions, though in any
one dimension, a degree of similarity can arise. Nonethe-
less, maintaining the distinction allows us to better un-
derstand how these networks operate, where and when
they overlap in the work of software development. From
an analytical point of view, we argue it is beneficial to
maintain the conceptual distinction between these terms.
To exemplify this point, we draw the reader’s attention to
the example given above wherein managers encouraged
the use of a discussion database. As we noted, this exam-
ple comes the closest in terms of a blend of an expertise
network perspective and an awareness network perspec-
tive. We also commented that this discussion database
was a weak component of our subjects’” awareness prac-
tices. Were we taking an expertise network perspective,
we most certainly would have identified the discussion
database as a key component and its lack of use as prob-
lematic. On the other hand, the PR work (section 4.3) is a
perfect example of work practice towards the identifica-
tion of awareness networks, but that would not be a good
fit for expertise networks. The distinction between these
networks is also beneficial for the purposes of synthesis,
i.e,, tool designers can more adequately inform the design
of collaborative systems to support these different kinds
of networks. For instance, since the scale and timeframe
of awareness and expertise networks is different, the
mechanisms to access, represent and visualize the infor-
mation portrayed in such networks should be different as
well.

8 CONCLUDING REMARKS

In the field of Computer-Supported Cooperative Work,
the term awareness is used to describe a range of work
practices by which social actors coordinate their work
through (i) the display of their actions to their colleagues,
and (ii) the monitoring of actions from their colleagues.
Recently, this concept has been explored by software en-
gineering researchers in the design of collaborative soft-
ware development tools.

Most empirical studies related to awareness focus on
the identification of these coordinative practices and as-
sume settings in which the social actors who display and
monitor actions do not change often. However, the prac-
tices of displaying and monitoring actions associated with
awareness are useful only to the extent that social actors
know who they should monitor and to whom they should dis-
play their actions. In collocated settings, this information is
intrinsic. However, there are settings where this informa-
tion is not as clear, e.g., distributed software projects. Pre-
vious studies have largely overlooked the identification of
these actors. Accordingly, this paper focuses on the soft-

ware developers” work practices necessary to identify the
list of actors whose actions should be monitored and to
whom actions should be displayed. We call this set of
actors the awareness network. In shifting the focus, it is
possible to observe a myriad of such practices, how they
are influenced by the work setting (organization, software
architecture, etc), the problems that arise when this iden-
tification is problematic, and, finally, software develop-
ers’ concern with the management of these networks.

We have drawn our results from empirical data from
three software development teams that were observed
and interviewed. Results of our analysis suggest that the
awareness network of a software developer is fluid (it
changes during the course of software development
work) and is influenced by three main factors: the organ-
izational setting (e.g., the reuse program in the BSC cor-
poration), the software architecture, and, finally, the re-
cency of the project. Finally, we observed that software
developers try to manage their awareness networks to be
able to handle the impact of interdependent actions.

These results can lead to important contributions for
collaborative Software Engineering. For instance, collabo-
rative tools (like Ariadne [13, 53], CollabCVS [32], Fast-
DASH [4], Jazz [10], and Palantir [43]) and theoretical
approaches (like socio-technical congruence [7, 9]) that
leverage software architecture to provide awareness have
provided some promising results. However, the problem
with these approaches is that, in practice, the architecture
is not fully disclosed to or fully understood by all devel-
opers. The fluidity of the awareness networks suggest
that these same tools and approaches need to be flexible
to easily adapt to a software developer’s current context,
including task, and software process phase. Similarly,
most approaches and tools do not properly describe the
organizational context where they would be adequate
leading to misinterpretation and generalization of results.

Our results indicate that the ways people identify the
colleagues that they need to be aware of is a necessary
and integral aspect of collaborative work. Being aware,
and identifying who one needs to be aware of, is a soft-
ware developer’s ongoing achievement and needs to be
properly studied and supported by software tools.
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