
Hybrid Master Thesis
Software Engineering
Thesis no: MSE-2013-130
March 2013

The Role of Awareness in Software
Projects

Team Awareness in Distributed Software
Development Teams

Zia Ur Rehman Kiani
Aamer Riaz

School of Computing

Blekinge Institute of Technology

SE-371 79 Karlskrona

Sweden



This thesis is submitted to the School of Computing at Blekinge Institute of Technology

in partial fulfillment of the requirements for the degree of Master of Science in Software

Engineering. The thesis is equivalent to 2*20 weeks of full time studies.

Contact Information:
Author(s):
Zia Ur Rehman Kiani 790617-4672
E-mail: zuki09@student.bth.se

Aamer Riaz 830117-1255
E-mail: aari10@student.bth.se

University advisor(s):
Dr. Darja Šmite
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Abstract

Global software development is more challenging than the collocated
software development. It requires extra effort to provide necessary
information for coordinating the tasks activities which is natural in a
collocated environment. Regardless of the task domain, team aware-
ness – task awareness and presence awareness – is essential for coordi-
nating the task activities both in collocated and distributed teams. As
distance between the teams grows it requires disseminating the aware-
ness information among team members to support coordination.
In this study, we investigate how does the team awareness interact
with other team cognition mechanisms like familiarity (i.e. task fa-
miliarity and team familiarity) and shared mental models (i.e. shared
mental models of the task and shared mental models of the team). We
also see how familiarity and shared mental models interact with each
other. Then, we conjure its implications on coordination and team
performance. Further, we investigate the level of team awareness on
four segments of distance which are defined based on the distance be-
tween the pairs of teams (i.e. from collocated teams to the teams that
are distributed across different time-zones).
We used snowballing technique (i.e. forward snowballing and back-
ward snowballing) for the literature review and conducted survey and
semi-structures interviews for data collection. We found that team
awareness has a positive effect on team cognition mechanisms (fa-
miliarity and shared mental models) and consequently has positive
implications on coordination. Therefore, we postulate that team per-
formance improves by providing the necessary awareness information
to the software development teams. We found that, in addition to
distance, there are other factors like task size, team size, team type
and communication that also effect the team awareness in collocated
and distributed collaborative software development teams. Finally,
we presented a list of factors that can be incorporated in collaborative
learning and development tools.

Keywords: Awareness, coordination, global software development,
shared knowledge.
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Chapter 1

Introduction

1.1 Problem Outline

Global software development (GSD) attracted the software companies in order to
reduce software development cost and capture the global market. Assumed bene-
fits of GSD include access to the broader set of skilled workers, lower development
cost, faster development, greater flexibility, global presence, closer proximity to
the client etc [25]. In order to realize these benefits, GSD teams impose some
specific requirements for effective collaboration in distributed set-up.

Teams working on a shared project and collaborating from distance to perform
their task often face a lot more problems than the collocated teams [23, 50]. Most
of the problems that team members face are due to the distance in time, space and
culture [9, 37, 43]. These socio-cultural problems due to the involvement of people
from different ethnic groups often surpass the technical difficulties faced by the
team. Individual knowledge and skill is required to perform the individual task
efficiently. However, the tasks which are distributed among different geographic
locations require coordination among the team members. Coordination in GSD
implies that individuals working on a common project must have common view
about all the aspects of the project [6]. Such coordination in GSD is essential for
the successful development of high quality software products [12]. It is mainly
achieved through team cognition mechanisms such as team awareness, familiarity,
shared mental models etc (concepts explained in Chapter 2). There are several
team cognition mechanisms which are conceptually different but based on some
form of the shared knowledge.

Research suggests that knowledge sharing about the task activities both for
the groups and individuals is essential for successful coordination [10]. Informa-
tion about all these factors contributes towards the concept, which is referred to
as awareness [5]. Regardless of task domain, awareness is essential to coordinate
group activities. There are several types of team awareness – e.g. workspace
awareness, activity awareness [35], environmental awareness, task awareness [46]
and presence awareness [44].

We did not use the workspace awareness, activity awareness and environmen-
tal awareness for our study as that they were not going with the context of the
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Chapter 1. Introduction 2

actual study. Workspace awareness mainly concerns about the information re-
lated to the workspace artifacts and the interaction of collaborators with those
artifacts in a collaborative shared workspace [33, 31]. In our case, we have a
shared project between two teams rather than a shared workspace therefore it
is not relevant to our study. Similarly, activity awareness is also not relevant
as it is related to the information generated through the activities performed by
the collaborators in a shared workspace. Finally, environmental awareness con-
cerns about the environment around the shared workspace and the collaborators
present in that environment. This type of awareness is also irrelevant to our
study.

The main reason for the selection of the task awareness and presence aware-
ness is that these types of awareness provide support – through the situational
knowledge about the task and the team in a virtual collaborative environment –
which is essential for the task and the team coordination [51]. Our study is lim-
ited to the few types of team awareness but despite these limitations we believe
that our study makes a significant contributions not only in research literature
but also in practitioner community.

In order to satisfy our requirement, we used the elements of workspace aware-
ness (11 out of 16) – relating to the present and past (See Table 1.1) – proposed
by Gutwin and Greenberg [31]. We did not use two elements (artifact and artifact
history) due to the privacy concern of the participating companies. We also did
not use the gaze, view and reach elements as they were not relavant to our study.
Further, we not only used the present and past elements to define the factors but
also defined their future form. Moreover, we defined several factors against each
element of the workspace.

We selected the global software development teams for our study because it
is often characterized as a relatively complex set-up due to the geographical dis-
persion. Furthermore, GSD teams usually share a common project despite being
at different locations. Therefore, this set-up provides an ideal environment to
explore the level of team awareness in the distributive collaborative environment.

1.2 Research Context

In this study we chose the pairs of software development teams which are working
on a shared project and collaborating locally or globally to perform their task
activities. We used these teams to study the team awareness (i.e. task awareness
and presence awareness)1. This is a cross-sectional study therefore the attributes
of the teams (i.e. team size, team type, location) as well as their projects remained
unchanged throughout the study period. We conducted the survey and semi-
structured interviews to study the effect of team awareness on team cognition

1In the rest of the dissertation, the term team awareness will refer to both task awareness
and presence awareness.
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Category Element Specific Question

Who Presence Is anyone in the workspace?

Identity Who is participating? Who is that?

Authorship Who is doing what?

What Action What are they doing?

Action What goal is that action part of?

Artifact What object are they working on?

Where Location Where are they working?

Gaze Where are they looking?

View Where can they see?

Reach Where can they reach?

How Action history How did that operation happen?

Artifact history How did this artifact come to be in this state?

When Event history When did that event happen?

Who (past) Presence history Who was here, and when?

Where (past) Location history Where has a person been?

What (past) Action history What has a person been doing?

Table 1.1: Elements of Workspace Awareness [31]

mechanisms and then we found the level of team awareness between the pairs of
collaborative teams.

Thus, the objective of study in this thesis is twofold. In first phase, we explore
how team awareness interacts with familiarity (i.e. task familiarity and team
familiarity) and shared mental models (i.e. shared mental models of the task
and shared mental models of the team). Then we study the implications of
team awareness, familiarity and shared mental models on coordination in order
to achieve the team performance. In second phase, we investigate the level of
team awareness between the pairs of teams on varying distance from collocated
to the teams which are separated by time and space. We also check the factors
that affect the team awareness negatively (within the team and during cross-site
collaboration).
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1.3 Research Questions

What are we studying?
We have studied team awareness in collocated and distributed pairs of teams
working on a common project. We conducted a survey and semi-structured in-
terviews in order to answer our research questions. We studied the effect of team
awareness on team cognition mechanisms (i.e. familiarity and shared mental
models) and also found the level of team awareness between the teams of varying
distances.

Why are we interested in it?
In todays global market, software companies are collaborating to perform the
software development from different places all over the world. Teams participating
in GSD face problems and impose certain requirements for smooth execution of
the tasks. In order to achieve the performance and to overcome the problems
posed by GSD, several tools and techniques have been developed.

Shared knowledge between the teams collaborating at a distance is the one
which produces awareness among the team members and eventually helps the
team members to coordinate their tasks naturally. Distance makes the coordi-
nation more difficult for large-scale software development teams [27]. Research
shows that increase in the distance between collaborative teams, gradually limits
the opportunities of rich collaboration [31] and consequently makes it progres-
sively more difficult for the teams to coordinate their task activities and maintain
the presence information about the counterparts [27].

We are interested to know if the team awareness decreases gradually with the
gradual increase in the distance. In order to explore this, we divided the distance
in four segments (from collocated to distributed) and studied the effect of team
awareness on the teams collaborating across varying distances. We were also
interested to know, other than distance, which factors affect the team awareness
negatively.

Why should this be interesting to others?
This study will increase the knowledge about the role and importance of the
awareness in software development projects which are distributed or being devel-
oped at a single location. This will help the teams working locally or globally to
develop and maintain the necessary level of awareness to support coordination
within the team as well as across site. Moreover, finding the level of team aware-
ness on varying distance and studying the factors that influence it can help to
construct an effective team that can meet the challenges posed by GSD. Both the
industry and the research community will benefit from this study.

RQ1 How does the team awareness (i.e. task awareness and presence awareness)
interact with familiarity and shared mental models in both local and global
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teams?

RQ2 What are the implications of team awareness, familiarity and shared mental
models on coordination and team performance?

RQ3 What is the level of team awareness (i.e. task awareness and presence
awareness) in collocated versus distributed teams of varying distance.

RQ4 Which factors affect the team awareness negatively?

1.4 Research Design

Figure 1.1: Study design

Pairs of Software development teams which are working on a shared project
and collaborating with each other to perform their task work are the main focus
of our study. After the background study, we conducted a survey and semi-
structured interviews in order to answer the research questions. Data gathered
through survey is used for both the parts of our study (Paper-1 and Paper-2)
whereas we used interviews data only for Paper-1 in order to support our decisions
(See Fig. 1.1). In the first part of our study we answered the research questions
RQ-1 and RQ-2 and in the second part of our study we answered the research
questions RQ-3 and RQ-4. The outcome of the study is paper-1 (See Appendix
A) and paper-2 (See Appendix B) respectively. The study we performed covers
the following topics:
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Study Focus Paper

Study-1 In order to understand how different team cognition
mechanisms interact with each other and what are their
implications on coordination and team performance, we
study the effect of team awareness (task awareness and
presence awareness) on familiarity (i.e. task familiar-
ity and team familiarity) and shared mental models (i.e.
shared mental models of the task and shared mental
models of the team).

Paper-1

Study-2 In order to investigate the effect of distance on team
awareness in local and global software development
teams, we study the level of team awareness in four
segments of distance for the pairs of teams sharing a
common project and collaborating from geographically
different locations to perform their task activities.

Paper-2

Table 1.2: Focus of the study

1.5 Thesis Structure

The remaining thesis is organized as follows:

Chapter Content

2. Background Provides the background study for the concepts used in
this thesis. Discussion of awareness, familiarity, shared
mental models and coordination. We also tried to link all
these concepts theoretically to give a clear picture of their
relations.

3. Research In this chapter we provide the summaries of Paper-1 and
Approach Paper-2.
4. Conclusion In this chapter, we discuss the conclusions and future work
and Future Work of the study.
Appendix A Presented Paper-1 in Appendix A.
Appendix B Presented Paper-2 in Appendix B.
Appendix D Contains the survey questionnaire.
Appendix E Contains the list of interview questions.
Appendix F Contains the list of factors identified to study the level of

awareness between the distributed collaborative teams.

Table 1.3: Thesis Structure
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1.6 Publications

Paper-1: Team Awareness, Familiarity and Shared Mental Models: Effect on
Coordination in Cross-Team Collaboration (See Appendix A)

Paper-2: Measuring Awareness in Cross-Team Collaborations – Distance Mat-
ters (See Appendix B)



Chapter 2

Background

2.1 Coordination

Initially software applications were simple and the development was mainly car-
ried out by a small number of people at the same location. Despite the simplic-
ity and collocated environment since the inception, software projects have been
facing problems due to the characteristics of scalability, uncertainty, interdepen-
dency and communication [40]. These characteristics make the coordination need
among team members more common and difficult. In addition, involvement of
people in a group task always requires coordination of their activities for success-
ful completion of that task [24]. Coordination theory defines the coordination as
the management of dependencies among task activities [25].

Increase in size and complexity of software systems forced to break the single
team, carrying out all the development work, into small loosely coupled functional
teams. These teams are designed in such a way that they encapsulate some spe-
cialized skills – design team, development team, test team, quality assurance team
etc. – and have less dependency on each other. Despite the well-formed team
structures, still this change added in the difficulties of the software development
process by increasing the coordination need due to the distance [9, 37, 43]. Re-
search shows if the distance between the teams increases more than 30 meters or
people need to climb the stairs to see their counterparts, people most probably
will reinvent the wheel [1]. It also produced the requirement to develop new tools
and techniques to support the coordination requirement of the large-scale soft-
ware development teams which are working independently on a shared project.
As the distance between the teams grows they require more coordination effort
[37].

Higher employee retention cost and lack of skilled resources at one location –
for large scale software development – increased the distance between the teams
even further by outsourcing the development work across the temporal, geograph-
ical and socio-cultural boundaries [9, 37, 43]. Global Software development re-
placed the traditional collocated development to achieve the assumed benefits
such as access to the broader set of skilled workers, lower development cost,
faster development, greater flexibility, global presence and closer proximity to

8
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the client [37]. In order to achieve the benefits posed by GSD, software devel-
opment is being carried out by the teams which are distributed physically and
they also have some specific requirements for effective collaboration. Collabora-
tion is mainly achieved by communication, cooperation and coordination. Here
communication generates commitments that are managed by coordination which,
in turn, arranges tasks for cooperation [52]. Recent advancement in technology
– computing and telecommunication – made it possible to exchange the software
parts easily in order to realize those benefits [9].

Although, study supports that there are numerous benefits of GSD [37] but
in contrast, research also shows that these benefits of GSD are either partially
realized or not realized at all [15]. In addition, it is also argued that there are
many centrifugal forces which are working against the realization of those goals [9].
Different cultural and social backgrounds working on a physical distance make
the problem solving even harder. Physical dispersion causes the coordination
breakdown, loss of “communication richness” and loss of “teamness” due to the
lack of trust and cohesiveness posed by cultural differences [9]. On the other
hand, based on ubiquitous nature of technology, an assumption is made that
coordination issues can be resolved between teams over distance therefore physical
distance is no more an issue [10].

Regardless, companies achieve the benefits posed by GSD or not but study
shows that physical dispersion reduces the ability to coordinate and bring sub-
stantial delays in software development [9, 23]. Similarly, it is also argued that
coordination in GSD can breakdown even in the presence of sophisticated pro-
cesses, tools and techniques [13]. In addition, human and behavioral factors also
prove to be a big challenge for coordination in software development [5, 6] and
if we add the dimension of distance then it can be even more problematic. Even
further, if the GSD teams are separated by different time zones then coordination
can increasingly be problematic with the decrease in overlapping hours between
both teams [43].

To overcome the problem of coordination in GSD certain techniques are used
to divide the work in such a way which requires less coordination effort due to
fewer dependencies. In addition proper modularization, well defined interfaces
and single component assignment to a single team can contribute toward lower
need of coordination. Although different strategies are developed to reduce the
coordination requirement in GSD but it still remains problematic as certain level
of mutual knowledge about the application domain is extremely necessary for
the successful completion of the software development projects. Consequently, it
produces the need to build some model to develop the necessary shared under-
standing within the team and across the team.
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2.2 Shared Mental Models

In order to perform individual task efficiently, individual knowledge is essential
in a software development team but it is not sufficient when it comes to the tasks
of large-scale software projects that are distributed among different geographi-
cally dispersed teams [25, 49]. Large-scale development involves many teams and
individuals working parallel on same product [25] and it also has development pro-
cesses that contain complex dependencies [18]. Such teams need to coordinate
their work for the successful integration of knowledge from multiple functional
and technical domains [25]. Coordination in GSD implies that the individuals
working on a common project must have common view about the product being
built, its functionality, expected outcome, project organization, definitions and
shared knowledge about team, task and activities [40].

Organizational literature suggests that coordination requirement within the
team is satisfied with the passage of time by performing the task and communicat-
ing within the team [54]. When team members work with each other, eventually,
they learn and develop the common understanding about the task and domain.
Such type of common understanding helps them to achieve coordination need
within the team.

Cognitive research literature proposes that teams also fulfill their coordina-
tion need through mechanisms like team knowledge which comprises of shared
mental models of the teams [23, 16]. Normally, shared mental models consider
the individual as a unit of analysis but when the model is distributed among the
team members and they collaborate to perform their tasks then it is necessary to
study the model – the degree of knowledge overlap – within the team [2]. Shared
mental models refer to the extent to which software development teams have sim-
ilar knowledge about the team itself, task and application domain [23]. It means
those team members possess the knowledge which they share in common and they
explicitly know that this is the common knowledge between both parties [17].

In order to achieve successful development of software projects, software teams
need to acquire, share and integrate large amount of knowledge [55] which is
task-specific, task-related, about team members and attitudes [7]. Recent re-
search study of software development teams found that it significantly increases
the performance of team if the members know where in the team expertise lie
[26]. Another study in software development teams – more specifically in soft-
ware requirement teams – proved the positive effect of shared mental models on
coordination by improving the performance of team which effectively contributed
toward the collective goal [18]. Yet another study suggests that planning im-
proves the shared mental models of the team resulting in the improvement of
performance where tasks are complex and interdependent [53]. There are several
other studies that empirically support the positive effect of shared mental models
on team performance [42].

In contrast, it is argued that for the tasks which can be performed inde-
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pendently shared mental models among the team members do not improve the
team performance [4]. Studies also show that shared mental models among the
team members for synchronous tasks in collocated environment are said to be
“stronger” [22] and are mainly used in highly sensitive industry – nuclear power
plant and medical industry – where even a small negligence in collective work can
lead towards an unforgiving error [53]. Similarly, shared mental models among
the team members in asynchronous environment – such as software development
work when it is distributed among different time zones and has very little oppor-
tunity to interact through rich media – are said to be “weaker” [22]. The effect
of weak shared mental models can also cause rework and delay in the delivery of
the product but it is not the case in stronger shared mental models [22].

On the other hand, research also supports that accuracy of shared mental mod-
els between both the parties ensures the intended level of understanding during
communication [17]. As we know, global software development teams communi-
cate from different locations in different times by using the less rich communica-
tion media (e.g. phone, email, chat etc.) therefore for effective communication
it is extremely important to have accurate shared mental models among team
members. Research shows that working from different locations people can easily
develop wrong perception – not knowingly – about the mutual tasks which is
difficult to locate and correct due to communication media [17]. Consequently, if
the differences between the teams are not carefully identified and communicated
within the team then it damages the task performance and relationship among
team members even if it is discovered and resolved afterward [17].

In addition, it is hard for the members of the team to remember the contextual
information, visualize the topology, ensure the accurate mutual knowledge, assess
the expectancy level, assess the work load and understand the situation of the
other team members working from different locations [17]. Accurate shared mental
models among the team members lead towards successful communication and well
coordinated activities [17]. Hence research supports that shared mental models
among team members have a positive effect on coordination [23].

2.3 Familiarity

Familiarity has been defined as “the knowledge that members of a team have about
the unique aspects of their work” [28]. It is found in prior studies that knowledge
about the task and team are mainly considered as group work components for the
teams [41]. It is argued that familiarity supports the team members to perform
their individual task more efficiently [24]. Moreover, it also helps to achieve the
same level of efficiency by effective communication and coordination within the
team [24]. This shows that familiarity is equally effective for individual and
collective work. Prior research suggests that team members coordinate through
work familiarity [23] but we have already seen that shared mental models among
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team members also help them to coordinate their task activities.
Familiarity and shared mental models are related concepts but they have acute

conceptual difference between them [23]. The shared mental models are based on
“knowledge similarity within a team” while work familiarity refers to “knowledge
that individual members posses” [23]. Members of a team develop familiarity
over time through communication and by working with each other on shared
tasks [23, 24]. In order to perform the collaborative tasks in an organizational
set-up two types of familiarity – task familiarity and team familiarity – are mainly
required [24]. In addition team experience, application domain and common tools
help to improve task and team familiarity [23] and develop a shared understanding
about the team and task environment [24]. This shared understanding about
the task and team becomes the base of shared mental models among the team
members [23, 24].

Familiarity in similar task domains leads towards the greater overlap of the
shared knowledge resulting in stronger shared mental models [23, 22], which even-
tually improves coordination by producing more shared explanation and expecta-
tion within a team [2]. Research shows that if the members of a team are familiar
with the same parts of the projects then they have stronger shared mental models
than the people who are familiar with the different parts of the same project [23].
Members of a team who are familiar with different parts of a project and appli-
cation can perform their individual tasks efficiently but they cannot coordinate
well because of lack of shared mental models among them due to different work
familiarity [23]. In contrast, if the team members are familiar with the same
parts of the project and application domain, they not only can perform their
individual task efficiently but also they can coordinate well due to shared mental
models based on same work familiarity resulting in more common grounds and
expectation about the future state of the task [23, 25].

Task familiarity is required to carry out the individual tasks efficiently and
team familiarity is necessary for the collaborative tasks [34, 41]. It is argued in
the literature that two types of familiarity – task familiarity and team familiarity
– can be distinguished based on their interaction with complexity [24]. Research
proved that task familiarity is beneficial when task is complex and team famil-
iarity is more useful for geographically dispersed teams [24]. In addition it is also
found from literature that task familiarity and team familiarity do not comple-
ment each other rather they are substitutive in their effect [24]. Moreover it is
also discovered that task efficiency and task complexity are inversely proportional
and prior task familiarity positively supports efficiency in complex task scenarios.
Similarly, team efficiency also decreases with the increasing distance between the
teams and prior team familiarity also puts positive effect on the team efficiency
in GSD set-up [24].

Research empirically proved that the team members with similar work famil-
iarity are more efficient and productive [29, 30] and if they have previous working
experience with similar parts of the project then it can significantly reduce the
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development time [23]. Studies also argued that prior work familiarity can help
to tackle the complex tasks of changing nature, such as large-scale development
in distributed environment [23].

2.4 Awareness

Awareness is an “understanding of the activities of others”, which provides a
“context for your own activities” [20]. There are several mechanisms, including
shared mental model [7], collective mind [57], transactive memory [56] and team
situation awareness [21] which are conceptually different but based on some form
of team knowledge. Regardless of task domain, awareness information is very
essential to coordinate the group activities.

Unlike familiarity, awareness is situational and provides information about the
current task activities and once the activities are complete then it is discarded
[25]. For example, knowledge about the deadline or who is responsible for testing
is a fleeting knowledge and it has no use once the task activities are performed. On
the other hand, familiarity with the task and team helps developers to perform
complex tasks more quickly in geographically dispersed environment by reducing
the overall development effort and the duration of project by coordinating their
work activities [24, 38]. Familiarity is long-term knowledge which grows with
experience and has positive effect on performance by minimizing the coordination
losses [38] whereas awareness is fleeting knowledge which provides the context to
the developers to align their task activities with other team members to improve
the coordination within the team [25, 20].

Literature reveals that there are several Computer Supported Cooperative
Work (CSCW) tools built to support the development work by introducing aware-
ness in GSD environment. Some of them (called traditional coordination tools)
provide the basic level information (keyboard strokes and mouse clicks) whereas
others (Configuration Management based tools) provide information at the in-
dividual file or method level [49]. Basically, these tools are of two types based
on the method they use to provide the awareness information about activities.
Some provide awareness of activities at repository level (BSCW, CVS-Watch,
COOP/Orm) while others provide real time (JAZZ, NightWatch, Palantir). Hy-
pothesis behind the development of such tools is to create awareness among
developers which helps them to coordinate their work and to identify the poten-
tial problem earlier in the phase of development and avoid it during integration
[49, 52, 25]. But these tools inform the developers only about those task activ-
ities which are being registered. If developer fails to register some task then he
will not receive the information about that task activity which will potentially
lead towards the gap in awareness among team members [49]. Another problem
that produces the lack of concern among developers and consequently the gap of
awareness about the task activities is that they are cognitively overloaded with
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unnecessarily detailed information they received about the task [49].

2.5 Research Gaps

Our goal is to find the level of team awareness between the teams collaborating
at a distance to perform their task activities. We also study how team awareness
interacts with different constructs (e.g. familiarity and shared mental models)
and what is the effect of team awareness on coordination in distributed teams.
Team cognition research suggests that when team members interact with each
other to perform their task activities, with the passage of time, they develop a
common understanding about the shared work which is referred as team knowl-
edge. Through team knowledge team members coordinate their work implicitly
as they understand the activities of the other team members which provides the
context for their own activities [25, 23, 8]. Such coordination through awareness
is referred to as synchronization of team members activities [58]. But for asyn-
chronous and GSD tasks it has not been well defined in the literature and there
are several questions, like “who is who”, “who knows what”, “what is where”,
“what is what”, etc, that need to be satisfied to figure out the degree of awareness
in GSD set-up [25]. We believe there are articles about awareness in distributed
projects but no prior study is found which classified the teams on varying distance
to study the level of awareness on four different segments of distance. After the
investigation and analysis of collected data, we will present the results along with
the solution based on the literature considering knowledge management models,
tools and mechanisms.
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Research Approach

We conducted the survey and semi-structured interviews in order to answer our
research questions1. We conducted a single survey (See Appendix D) and used
the data to write two research papers. For Paper-1 (See Appendix A) we used
the interview data along with the survey data in order to support our decisions
while working on the data analysis. Whereas we only used the survey data for
Paper-2 (See Appendix B).

Literature revealed that there are different research methodologies, including
case studies, experiments, factor analysis and surveys, which are available to
empirically investigate the proposed research. Each method has its suitability for
a specific situation or requirement. It is the responsibility of researcher to decide
which technique is appropriate in which situation.

In order to investigate the degree of awareness in global software development
teams we used survey method. A survey is a comprehensive system which not only
collects information about products, processes, people, context etc. but also de-
scribes, compares or explains knowledge, attitudes and behavior [39]. Unlike the
controlled experiment or case study – which has the greater control on variables
and also has high internal validity as performed in a closed environment – survey
has the greater external validity and can easily be generalized as it represents the
opinion of the population from different real-world contexts [47]. Further, survey
method not only provides the way to collect a large amount of data in a short
period of time but also it is the most economic method of performing the study.

Unlike other disciplines – such as marketing, medicine, psychology, sociology
etc. – it is hardly possible in Software Engineering to reuse the existing survey
instrument [47]. But, if exist, previous studies could be the primary source for
the assessment of the reliability and precision of the survey. Previous studies can
provide a firm base to establish the baseline for our own survey and also prevent
us from unknowingly duplicating the others work [39]. In our case we did not find
any previous study which revealed the level of awareness in GSD environment.
Therefore we based our study on a pilot survey.

1The complete dataset consisting of the responses can be downloaded from the following
link: https://docs.google.com/file/d/0Bw04SutRcdzxOHExRFpnQWZlcmc/edit?usp=sharing

15
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3.1 Survey Design

Survey design must have the conformance with survey objectives so that the
results – after data collection and analysis – must answer the research questions
posed [39]. Basic two types of survey design are:

� Experimental design

� Descriptive design

Experimental design is used to assess the impact of some intervention through
five different design options [39].

� Concurrent control studies in which participants are randomly assigned to
group.

� Concurrent control studies in which participants are not randomly assigned
to group.

� Self-control studies to assess the pre-treatment and post-treatment mea-
sures. It is a longitudinal study with respect to experimental design.

� Historical control studies to assess the history to find the trends.

� Studies using a combination of above mentioned design techniques.

Descriptive design is used to describe a phenomenon of interest and has three
different design methods to investigate it [39].

� Cross sectional design in which data is gathered at one fixed point in time.

� Cohort study is concerned with data which gives the description of change
over time. It is a longitudinal study with respect to descriptive design.

� Case control study helps to figure out the current phenomenon based on
the previous experience.

In order to design the survey for our study, we find that, cross sectional method
of descriptive design best describes the phenomenon of awareness at a given slice
of time. Mostly, cross sectional method is coupled with case control to ask the
participants to answer the questions based on their previous experience. But in
our case we only use cross sectional method to find the level of awareness between
the pairs of teams at a particular time.

We design the survey in a way which provides an effective mean of obtaining
the required information. For our study, we achieve the effectiveness by consid-
ering the following aspects of survey design [39]:

� Avoidance of bias by reflecting the reality of the situation

� Appropriate level of complexity to address the issue.

� Cost-effectiveness
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3.1.1 Questionnaire Building

We used the close-ended questions in order to collect the quantitative data for
our study.

Question Selection

We considered the following guidelines for the selection of the questions for our
survey study [39].

� Address the survey objectives

� Appropriate number of questions

� Topic wise grouping of questions

� Ask relevant question from relevant population

� Consider the respondents comprehension level

� Consider the time to answer each question

Question Construction

We considered the following guidelines for the construction of the questions for
our survey study [39].

� Purposeful questions which represent the relation between the questions
and objectives of the study

� Each question should be unambiguous and precise in its meanings

� Avoid the questions which have two meanings (double-edged questions)

� Avoid negative questions because they are more difficult to answer than the
positive questions as they involve logical reasoning

� Avoid slang and abbreviations

� Avoid grammar and spelling mistakes

� Proper explanation of the terminology and technical expressions

� Mutually exclusive questions to get one answer from close-ended questions
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3.1.2 Questionnaire Evaluation

People will be more interested to respond if they see the study is meaningful and
useful to them. Purpose of the study should be very clear and it must target to
the relevant population. When respondent will see the importance of their partic-
ipation and confidentiality of the data they are more likely to respond. Further,
in order to avoid the bias we considered the following instructions proposed by
Kitchenham [39].

� The way questions are asked can influence the respondent.

� Range and type of the response category.

� The instruction to the respondent can also influence the respondent (See
Appendix C).

� Questions should not influence the thinking of the respondent about the
problem.

Further we considered that our questions should reveal both aspects of the
study.

3.1.3 Survey Instrument Validation

Pilot Study

Previous studies can be used for the precision and reliability of the new study.
This statement is valid for the product survey where most of the information
remains same for each new product but usually it does not imply in software
engineering [39] where each study is a unique case. As there was no previous
study found to determine the baseline therefore we conducted a pilot study for
the precision and reliability of our survey [39].

We conducted a pilot study between the teams located in two different coun-
tries and separated by time-zone and cultural differences. We sent the survey to
both the teams and closely monitor the response progress. When we collected all
the responses then we analysed the data and found some drawbacks in semantic
analysis. Pilot study not only helped us to improve the quality of the survey but
also gave us the insight how to conduct it.

3.1.4 Population

Two teams of software developers that are working on a shared project which
is being developed geographically on multiple locations and the members of the
teams need to collaborate to carry out their task activities.
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Groups
Team Team-1 Team-2 Total Response

Pairs Participants Participants Participants Rate

Group-1 4 28 18 46 96%

Group-2 4 15 17 32 94%

Group-3 2 4 4 8 84%

Group-4 3 13 8 21 85%

TOTAL 13 60 47 107 89%

Table 3.1: Information about Teams, Participants and Response Rate

3.1.5 Sampling

Sampling is the process of selecting a sub-set of respondents which represent the
entire population [39].We used the non-probabilistic convenience selection method
for our study because the use of systematic methods (probability sampling) of
selecting the companies were not possible. We were facing problems in getting the
agreement from the companies to participate in the study. Therefore, we applied
the non-systematic method to select the software development companies but we
restricted that each respondent must be a software developer. This minimized
the risk of bias of convenience sampling and ensured that the respondents are
the representatives of the actual population but on the other hand the size of the
participating teams was different [39].

3.1.6 Response Rate

In order to perform a successful survey it is never enough to decide that how
many responses you would like to collect. Considering the non-response is also
important [39]. If certain type of population does not respond then it must be
evaluated rather than ignoring them. It may reveal some issue which is worth
considering during the study. If you know the reason of such a significant amount
of non-response then you can proceed.

Response rate of our study is 89% (See Table 3.1) and we collected enough
responses from each segment group that we defined for our study.

3.1.7 Survey Execution

We performed semi-supervised survey and adopted online survey method for data
collection. Dispersion of the teams in seven countries made it impossible to
conduct face-to-face interviews with each participating team. Thus for the teams
which were not available for face-to-face interview, we emailed the survey link to
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the participants with brief introduction and instructions (See Appendix C) about
the survey and asked them to fill the online survey form. Moreover, we provided
them with the support and technical assistance through phone calls, Skype calls
and emails to avoid any misinterpretation/confusion while filling the survey form
and for the clarification of the questions raised due to the misunderstandings.
Data collected through online survey might be inconsistent due to the change in
work responsibilities of the participants over time. Therefore, we also imposed
five days time limit for filling the survey form to avoid any inconsistency in the
context. Finally, in order to ensure the accuracy of the context, we contacted the
participants after the completion of each survey form and further discussed the
situation with reference to the context of the other participants of that team. A
large amount of written notes was taken during this process.

3.1.8 Avoiding Bias

Study containing bias does not represent the actual situation. Therefore we care-
fully tried to eliminate the bias at each level of our study. We also followed-up
non-response to confirm that there is no systematic bias on the results due to
non-response. We used the following follow-up plan for our survey study:

� We sent them reminders

� Contacted one-by-one through email or call

� Discussed with main contact person in the team

3.1.9 Validity Evaluations

There are certain validity threats which are associated with our study. Stud-
ies showed that virtual teams which held early face-to-face meetings helped to
develop better interpersonal relationships, trust, respect, socialization and an im-
proved understanding of the project that could influence awareness [45]. Such
face-to-face meetings were required for Group-3 and Group-4 of our study but
we did not collect this information from the participating teams. Secondly, al-
though we have provided support and tried to keep the respondents motivated
but the size of the survey may cause a validity threat for data collected through
web based survey from different parts of the world where our physical presence
was not possible. Further, we also did not retried the information related to the
tools used by the collaborating teams and this could be another possible validity
threat related to our study.

The scope of our thesis was to study the effect of distance on awareness.
Therefore, we didnt consider the other factors like same team size, team type
and working experience for both the teams in the pair. Initially, we also didnt
consider the development methodology of the teams. But when the results were
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produced against the expectations (that with growing distance awareness will get
low) then we study the cause and effect relation through fishbone. We found that
not only does the distance affect the level of awareness but also experience, team
size, task size, task complexity, team type, level of communication are playing
their role. We grouped these characteristics in two research papers which are
presented in the coming sections.

3.2 Paper-1: Team Awareness, Familiarity and

Shared Mental Models: Effect on Coordina-

tion in Cross-Team Collaboration

3.2.1 Aims and Objectives

The aim of Paper-1 is to find how team awareness interacts with the task famil-
iarity and team familiarity and also with the shared mental model of task and
shared mental model of the team. Further, we were interested to see how differ-
ent factors like distance, task size, team size and team type effect the different
team cognition mechanisms. Finally, we conjure its implications on coordina-
tion and team performance in collocated and distributed collaborative software
development teams.

OBJ1. Investigate the interaction of team awareness with familiarity in collocated
and distributed teams.

OBJ2. Investigate the interaction of team awareness with shared mental models
in collocated and distributed teams.

OBJ3. Understand the interaction of familiarity and shared mental models with
each other.

OBJ4. Conjure the implications of team awareness, familiarity and shared mental
models on coordination and team performance in the context of collocated
and distributed teams.

3.2.2 Research Questions

In Paper-1 we investigate following two research questions.

RQ1. How does the team awareness (i.e. task awareness and presence awareness)
interact with familiarity and shared mental models in both local and global
teams?

RQ2. What are the implications of team awareness, familiarity and shared mental
models on coordination and team performance?
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3.2.3 Research Methodology

In order to build our research background, we performed a background study by
using snowball sampling technique [27]. We used both forward snowballing (ci-
tations) and backward snowballing (references). This phase provided us with the
basic information about different team cognition mechanisms and also provided
the base to construct the questions for survey and interviews. We used survey
and semi-structured interviews to collect the data from 22 software development
teams which were involved in the development of large-scale software projects that
were distributed among different geographical locations. We started contacting
the software companies by using stratified random sampling method but did not
get response from the industry. Then we used convenience selection method to
select the companies and remained successful in getting the consensus of 34 teams
from which we selected 22 teams for the study. We conducted the survey in three
steps (See Fig. 3.1).

Step-1: Acquire personal information

Step-2: Within the team information

Step-3: Across the team information

Further, we conducted the interviews with the manager/team lead in each pair
of teams. We collected 96 responses through survey and 11 responses through
interviews from 22 software development teams. Major contribution was from
the telecom sector (45% of responses).

Quantitative data gathered through survey is analysed both statistically and
semantically to get the results. Whereas, qualitative data collected through the
interviews is then analysed by using the thematic coding [44] which helped to
identify, analyse and report the patterns in the data during its six phases. These
six phases are; understanding the data, generating initial codes, searching themes
among codes, reviewing themes, defining and naming themes and writing the
report. Data gathered through interviews is used to support our decisions while
working on survey data analysis.

As a researcher it is very important to decide which tests should be carried
out while performing statistical data analysis. The selection of an appropriate
statistical test is based on study design, research questions/hypothesis and the
characteristics of the data. As in our case we know that:

� We have quantitative data

� Data type of our data is Parametric

� Scale of the data is interval and ratio

� Group of samples is one sample
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Figure 3.1: Survey and interview set-up for Paper-1

� We removed the outliers

T-tests are tests for statistical significance that are used with interval and
ratio level data. We selected the T-test for our study because we also have one
sample as well as interval and ratio level data [14]. Further, statistical tests are
based on certain assumptions therefore it is important to consider those in order
to operate fairly. T-test has following assumptions which coincide with our data
[14]:

� Data is normally distributed

� Random selection of sample from population

� Data is interval or ratio

Furthermore, we performed the data normality checking through normal Q-Q
Plot test (See Fig. 3.2 and 3.3). We also calculated the mean which assumes the
normal distribution of the data with no outliers.

Finally, in order to measure the association for interval and ratio data we
performed the correlation. In our case, Pearson’s correlation was the most suit-
able choice because of the parametric data types and interval/ratio data scale
[14]. Pearson correlation coefficient (r) helped to understand the factors which
positively or negatively affect the different team cognition mechanisms and the
relation between team awareness, familiarity and shared mental models.
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Figure 3.2: Normal Q-Q Plot for Local Teams after removing outliers

3.2.4 Research Contribution

Description of the interaction among team awareness, familiarity, shared mental
model and the implications on coordination and team performance is a contribu-
tion of this work. We empirically derived the results from the survey for team
awareness, familiarity and shared mental models and after that conjure the impli-
cations on coordination and team performance. We found that team awareness
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Figure 3.3: Normal Q-Q Plot for Cross-site Teams after removing outliers

supports familiarity and shared mental models positively. Our study revealed
that familiarity and shared mental models also interact positively with each other.
Then, we conjure their implication on coordination and team performance based
on the existing literature. We present a model based on these results.

We also found that the factors like distance, big tasks, large team size and team
type which increases the communication and coordination need in distributive
collaborative scenario negatively affect the team cognition mechanisms.
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3.2.5 Validity Evaluations

This study has some limitations. First, we conducted the study in several com-
panies in seven different countries of Asia, Europe and America. Although, such
diversity provided us with the best opportunity to explore the effect of team
awareness in the geographically distributed environment but this versatility can
possibly be bound to the differences in the culture, language, organizations etc.
Our findings are not limited to the same organizational culture, size, team type
and domain.

Further, the quantitative data obtained from this diverse set-up of companies
provided more solid foundations for our findings and minimized the biases but it
lacks the measures of psychological attitudes of such cultural diversity.

Also, we conducted our study in the software development teams which are
collaborating locally and globally to perform their task activities. So, findings
may be limited to the software companies which are operating in GSD and also
may not extend to other types of teams except GSD.

Furthermore, the task size and task structural complexity [19, 59] are discussed
separately in the literature but we assumed that the larger tasks are more complex
so we only considered the task size for our study rather than considering the task
size and task complexity separately.

3.2.6 Discussion

Our study presents an important contribution to the research literature on the
software development teams which are collaborating locally and globally to per-
form their task activities. These teams are also sharing a common project between
them. Prior research has discussed the effect of the task and the team familiarity
on the team performance and how the task and the team familiarity deal with the
task and team complexity [24, 41]. Our study extended this concept and added
the task awareness and the presence awareness to support the task and the team
familiarity in order to achieve the team performance by dealing with the coordi-
nation complexity. Consistent with the prior research on awareness [32, 44, 11],
familiarity [24, 34, 41] and software engineering [55, 6] our results authenticate
the positive effect of the task and team awareness on the team performance. To
the best of our knowledge, no prior study explored the effect of the team aware-
ness on the familiarity and the shared mental models in order to deal with the
coordination complexity.

Perhaps the most important contribution of our study is to develop a better
understanding of the team cognition constructs and how they interact with each
other to achieve the team performance. By relating the prior research we built
our theoretical ground and then introduced the task awareness and the presence
awareness. We studied this effect through several variables which affect the team
cognition mechanism in the local and global environment.



Chapter 3. Research Approach 27

Research shows that, the familiar workers are more likely to deal with the
task complexity effectively by handling the task coordination complexity [24]. We
found that the task awareness has a positive effect on the task coordination and
it helps the familiar team members to deal with the task coordination complexity
more efficiently. Therefore we suggest that, by adding the dimension of task
awareness in the team, we can ensure an effective team performance by dealing
with the task coordination complexity.

Similarly, prior study suggests that the familiarity also supports the team
members to deal with the team coordination complexity in the local and global
teams [24]. Our finding revealed that the presence awareness has a positive effect
on the team coordination. This helps in building an accurate expectation about
the availability of the team members through stronger team cognition mecha-
nisms. Therefore we suggest that, by considering the presence awareness with
the team familiarity, we can achieve the team performance by effectively dealing
with the team coordination complexity.

3.3 Paper-2: Measuring Awareness in Cross-

Team Collaborations – Distance Matters

3.3.1 Aims and Objectives

The aim of Paper-2 is to find the level of team awareness between the pairs of
teams that are working on a shared project on four segments of distance, ranging
from collocated to the ones distributed in time and space.

OBJ1. Divide the distance between the teams into four segments of distance (groups)
from collocated to teams which are distributed across different temporal, ge-
ographical and socio-cultural boundaries.

OBJ2. Investigate the level of team awareness between the teams on each segment
of distance.

OBJ3. Understand the interaction of team awareness and distance with each other
and study which factors affect team awareness.

3.3.2 Research Questions

In Paper-2 we investigate following two research questions.

RQ1. What is the level of team awareness (i.e. task awareness and presence
awareness) in collocated versus distributed teams of varying distance.

RQ2. Which factors affect the team awareness negatively?
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3.3.3 Research Methodology

Similar to Paper-1, we started Paper-2 with literature review by using snowball
sampling technique [27]. We used both forward snowballing (citations) and back-
ward snowballing (references). This phase provided us with the basic information
about the different team cognition mechanisms and also provided the base to con-
struct the questions for the survey. We divided the pairs of teams into four groups
based on the following criteria.

Group-1: Same floor in the same building but distance less than 30 meters.

Group-2: Different floor of the same building or distance more than 30 meters on
the same floor.

Group-3: Same city or same country or different country with the same time-zone.

Group-4: Same country or difference country with a different time-zone.

We conducted a survey to collect the data from 26 software development teams
in 12 software companies. These companies fulfill the basic criteria of developing
a common software product in a geographically distributed environment. Teams
were involved in the development of shared common software projects that were
distributed among different geographical locations. We started contacting the
software companies by using stratified random sampling method but did not get
response from the industry. Then we used convenience selection method to select
the companies and remained successful in getting the consensus of 34 teams from
which we selected 26 teams for the study. We conducted the survey in three steps
(See Fig. 3.4):

Step-1: Acquire personal information

Step-2: Within the team information

Step-3: Across the team information

Quantitative data gathered through survey is analysed both statistically and
semantically to get the results.

3.3.4 Research Contribution

In this study, based on the literature, we identified 34 factors (See Appendix F)
which can be used to explore the level of awareness in software development teams
regardless of their geographic dispersion. These are the factors that we studied
to know the level of team awareness between the collocated and distributed col-
laborative software development teams. Our study provided the explanation of



Chapter 3. Research Approach 29

Figure 3.4: Survey and interview set-up for Paper-2

the level of team awareness at each segment of distance. Further, we have stud-
ied that, other than distance, factors like experience, team size, team type and
communication also negatively affect the team awareness. Therefore, based on
our findings, we propose that distinguishing the software projects only based on
the distance is not sufficient. Finally, the list of factors that we provide has a
practical implication and can be used for the development of collaborative tools.

3.3.5 Validity Evaluations

Varying number of responses for each group is a limitation of our study but we
collected enough information through responses which provided sufficient infor-
mation to support our arguments.

We had a constraint of survey length and duration due to which we had to
limit the factors of team awareness (see Appendix F) to the more important
ones only. This factor list can be extended to cover a wider range of aspects
of team awareness. Further, we did not include the factors for two elements of
workspace awareness (artifact and artifact history) due to the privacy concern of
the participating teams.

In order to ensure the reliability of our results we constructed the survey
in three steps (step-1 : acquire personal information, step-2 : within the team
information and step-3 : cross-site team information) and semantically verified
our findings. We considered the personal information provided by the participants
about themselves as baseline information and cross-checked it with what other
participants told about each member of the team. It gave us the confidence that
the results we obtained are correct.

We found that the results we obtained from the study were slightly different
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from our expectations. We based our assumption/expectations on the literature
that the level of awareness will decrease as distance grows. When we analysed
the results, we found that the factors like experience, team size, team type and
the frequency of communication between the pairs of participating teams were
affecting the level of awareness.

Furthermore, our findings can be generalized only for the software develop-
ment teams which are involved in the development of a shared project from
distributed locations. But the factors we identified can be modified and used for
different studies accordingly. The study set-up we defined is equally beneficial
for both a single team at a location or the pair of GSD teams working across
different time-zones and geographical boundaries. Conceptually the study set-up
we defined can be used for any team but the results of our current study can only
be considered valid for the software development industry.

3.3.6 Discussion

Our study presents the level of team awareness between the teams of varying
distance. Related literature suggests that GSD teams face a wide variety of
coordination problems as the temporal, socio-cultural and geographic distance
increases between them [9, 37, 43]. Such distances also cause the lack of aware-
ness between the teams as people at distant site share less context and common
grounds [36]. Moreover, as the distance grows it augments the problems faced by
software development teams by decreasing the awareness even further [3, 48].

It motivated us to divide the distance into segments of varying sizes and study
how it interacts with the awareness on each segment. In order to validate this phe-
nomenon, we tested it on a spectrum of distance (ranging from collocated teams
to the teams which are distributed across different time zones and geographical
boundaries) to find the gradual decrease with increase in distance.

Our expectations were that within the team, awareness remains similar for
all the teams at all the places and it decreases during cross-site collaboration.
We developed these expectations because teams at a single location do not have
the geographical and temporal distances. Further, even if such teams are multi-
cultural and people have different backgrounds, they face very few problems be-
cause they sit in the same place and they can easily sort the things out in a
face-to-face meeting. Therefore we developed our expectations that within the
team level of awareness will be similar for every participating team. On the other
hand, for the teams which were collaborating at a distance, we were expecting to
find a gradual decrease in the level of awareness with the increase in the distance
between them.

Against the expectations regarding the relationship between the distance and
awareness, our findings revealed slightly different results. We found that the
team awareness was not gradually decreasing with the increase of distance and
also within the team the level of awareness was not similar for all the teams. We
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faced such change because there were other factors like skilled employee, team
size, team type and frequent communication between the teams which also played
their roles.

Studies that claim the increase in coordination problems and the lack of aware-
ness due to increase in distance are also justified because in-fact the coordination
problems do increase with distance. The reason why we did not obtain the ex-
pected results is because of the other factors involved in it. These factors, if
adopted, positively affect the level of team awareness by supporting the aware-
ness at a distance. Therefore, even teams at a greater distance were able to
maintain the higher level of team awareness than the teams closer in distance.
We found that the teams which retained the employees and encouraged the for-
mal and informal communication within the team and across the team exhibited a
higher level of team awareness. We also found that a well-defined team structure
with optimal size and appropriate type is likely to lead to a high level of team
awareness both within the team and across the team.

We suggest that the factors listed in Appendix F can help testing the level of
awareness in a particular project. This may help to recognize the areas in which
the attention to awareness is necessary by pointing out the deficiencies. Once
identified, the problem areas can then be targeted and handled more effectively.
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Conclusions and Future Work

In this section, first we present the conclusions and then we will discuss the future
work related to our study.

In the first phase of the study, we have explored how the team awareness
interacts with the task and team familiarity and shared mental models of the task
and team. We also studied the interaction between familiarity and shared mental
models. Then, we conjure the implication on coordination and team performance
based on the existing literature. The outcome of this phase is a research paper
(See Appendix A). Whereas in the second phase of the study, we have explored
the level of team awareness between the teams on a varying distances. The
outcome of this phase is also a research paper (See Appendix B). We supported
our study through the literature study, survey and semi-structured interviews
with the software developers and managers/team leads working in global software
development teams.

We found that the team awareness positively supports familiarity (i.e. task
familiarity and team familiarity) in both local and remote teams. We also found
that team awareness has a positive effect on building the accurate shared mental
model of the task and the team. Both, familiarity and shared mental models
have stronger positive effect locally but this effect is weaker for the remote teams.
Both, the task awareness and the presence awareness (i.e. team awareness) put
positive effect on building accurate team cognition models. Further, task aware-
ness supports in dealing with the task coordination complexity whereas the team
awareness is beneficial for the team coordination complexity. Therefore, based
on the literature, we conjure that team awareness improves team performance by
positively supporting the coordination.

The common perception is that the distance is main hindrance between the
teams which reduces the team awareness. But our findings showed that despite
the distance between the teams, the team-leads or the members who have frequent
interaction with their counterparts (within the team and across the team) have
a higher level of team awareness as compared to the rest of the team. We found
that agile teams exhibit higher level of team awareness than rest of the team
types. We also noted that the teams also exhibit a higher level of team awareness
if they are smaller in size. Finally, we found that, even at a distance, previous
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experience helps the employee to acquire and maintain the awareness information.
In conclusion, we found that not only does the distance affect the level of team

awareness negatively but also there are several factors like, the experience, team
size, team type and mutual communication, which could also contribute towards
the lower level of team awareness. Although, collocated teams are considered as
better than the distributed teams due to the geographic distance but these factors
can lower the level of awareness. If these factors are not considered along with
the distance then the level of awareness will not be as expected. Therefore, based
on our findings, we propose that distinguishing the software projects only based
on the distance is not sufficient.

Contributions

Our contribution in this thesis is the survey tool to measure the level of aware-
ness within the team and across the team. We used this tool to measure the level
of awareness on a spectrum of distance rather than conducting a polar analysis.
This survey can be used to diagnose the deficiencies in the awareness and once
diagnosed; the problems related to the awareness in distributed projects can be
addressed to improve the level of awareness between the collaborating teams.
Further, we adapted the workspace awareness elements proposed by Gutwin &
Greenberg and developed several questions against each element in order to ex-
plore the awareness in depth. List of factors used for the survey is presented in
Appendix F and the survey questionnaire is available in Appendix D.

Future Work

In order to identify the relation between different team cognition mechanisms
(i.e. team awareness, familiarity and shared mental models) in Paper-1 we used
the Pearson correlation to calculate the results. In future, to go one step further
in analysis we suggest performing regression analysis to statistically estimate the
relation among study variables. Secondly, in this part of the study, we empirically
derived the results from the survey for team awareness, familiarity and shared
mental models and after that conjure our implications on coordination and team
performance. But in the future, coordination and team performance can also be
considered and their values can be computed empirically rather than postulation.

In Paper-2 we used the data collected from all types of software development
teams for our study which were collaborating at a distance to perform their task
activities. But in future the same study can be conducted for some specific types
of teams on the same distance segments to see how a particular type of team
behaves with growing distance between the local and global teams. Further, to
eliminate the validity threats and to further improve the quality of the results, in
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future this study can be conducted with the teams that have all the attributes
similar to each other. For instance, pairs of teams with same experience, team size
and team type could be taken in consideration before the study and then see if
there is gradual decrease in the level of team awareness between the collaborating
teams with growing distance.



References

[1] Thomas J. Allen. Managing the Flow of Technology. MIT Press, 1977.

[2] Adrian P. Banks and Lynne J. Millward. Running shared mental models as a
distributed cognitive process. British Journal of Psychology, 91(4):513–531,
2000.

[3] Steve Benford, John Bowers, Lennart E. Fahln, Chris Greenhalgh, and Dave
Snowdon. User embodiment in collaborative virtual environments. In Pro-
ceedings of the SIGCHI Conference on Human Factors in Computing Sys-
tems, pages 242–249, 1995.

[4] Elizabeth Blickensderfer, Janis A. Cannon-Bowers, and Eduardo Salas.
Training teams to self-correct: An empirical investigation. In 12th an-
nual meeting of the Society for Industrial and Organizational Psychology,
St. Louis, MO, 1997.

[5] Barry W. Boehm. Software engineering economics. IEEE Transaction on
Software Engineering, 10(1):4–21, 1984.

[6] Frederick P. Brooks. The Mythical Man Month: Essays on Software Engi-
neering. Addison-Wesley, 2. edition, 1995.

[7] Janis A. Cannon-Bowers and Eduardo Salas. Reflections on shared cognition.
Journal of Organizational Behavior, 22(2):195–202, 2001.

[8] Janis A. Cannon-Bowers, Eduardo Salas, and Sharolyn Converse. Shared
mental models in expert team decision making. Individual and group decision
making, pages 221–246, 2001.

[9] Erran Carmel. Global software teams: collaborating across borders and time
zones. Prentice Hall PTR, Upper Saddle River, NJ, USA, 1999.

[10] Erran Carmel and Pamela Abbott. Why ’nearshore’ means that distance
matters. Commun. ACM, 50(10):40–46, 2007.

[11] John M. Carroll, Mary B. Rosson, Gregorio Convertino, and Craig H. Ganoe.
Awareness and teamwork in computer-supported collaborations. Interacting
with Computers, 18(1):21–46, January 2006.

35



References 36

[12] Marcelo Cataldo, Matthew Bass, James D Herbsleb, and Len Bass. On
coordination mechanisms in global software development. In Global Software
Engineering, 2007. ICGSE 2007. Second IEEE International Conference on,
pages 71–80. IEEE, 2007.

[13] Marcelo Cataldo, Matthew Bass, James D. Herbsleb, and Len Bass. On
coordination mechanisms in global software development. In ICGSE, pages
71–80. IEEE, 2007.

[14] Louis Cohen, Lawrence Manion, and Keith Morrison. Research methods in
education. Routledge, 2000.
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Abstract—Coordination in team-based work is achieved
through team cognition models to carry out large and complex
tasks. These models are usually based on the knowledge and skills
of the individuals. Team awareness, familiarity and shared mental
models are the mechanisms that support the team coordination
through team cognition. In this paper, our goal is to understand,
how team awareness (more specifically the task awareness and
presence awareness) interact with familiarity (i.e. task and team)
and shared mental models (i.e. task and team) in local and global
setup of software development teams. Further, we study how
familiarity and shared mental model interact with each other.
Finally, we conjure the implications on coordination and team
performance based on existing literature. We calculated Pearson
correlation coefficient (r) to calculate the results. We conclude that
team awareness, familiarity and shared mental model interact
positively with each other and support coordination in virtual
collaboration.

Keywords: team awareness, familiarity, shared mental models,
coordination, global software development, shared knowledge,
team cognition.

I. INTRODUCTION

Team is a fundamental unit of the organizational work
[1], [2]. Teams are used to perform the large and complex
tasks in a congruent environment [3] where several individuals
work collectively to achieve a shared common goal. Simple
and well defined tasks are performed individually [4] through
more organized individual cognitive effort. On the other hand,
large and complex tasks require an additional cognitive effort
to identify, understand, prioritize and resolve the task depen-
dencies [3] – which surpasses the individuals’ capabilities to
perform those tasks [4]. Therefore, it imposes the requirement
of a team work to perform such tasks.

Sharing of goal within the team brings more complexity
and interdependency among tasks and team members. Al-
though team members may perform their individual tasks
effectively but this effort may not lead toward the desired
goal due to the lack of collective mind or common grounds
[5]. For this reason, team members require to coordinate their
activities with the other team members to ensure the effective
performance of their individual task work [4]. However, it
requires some mechanism to build an effective cognition model
within the team. This team cognition model provides the
common grounds to all the team members for an effective

management of dependencies among the tasks and team mem-
bers. Consequently, it helps the team members to build the
right expectations and accurate mutual understanding of the
problem and the proposed solution which in turn leads toward
the successful achievement of the collective goal in the team.

Advancement in the technology – telecommunication and
computing – provided the opportunity to the teams to perform
their collective tasks from geographically different locations
[5]. Such dispersion of the teams brought even more challenges
– geographical, temporal and socio-cultural [6], [7] – for
an effective performance of the collective tasks. Increase in
the distance between the teams proves to be increasingly
problematic due to the fewer overlapping hours in different
time zones. Time-zone differences reduce the interaction op-
portunities – specially the face-to-face interaction which is
natural in a collocated setup – and thus provide the base
for misunderstandings and different grounds for distributed
teams [5], [8]. Consequently, such a dispersion of the teams
introduces an additional layer of the cognitive requirements
which are necessary for the effective team work [4].

Moreover, since their inception, the software projects have
been facing problems [9] due to the characteristics of scal-
ability, uncertainty, interdependency and communication [9].
The role of coordination in such situations becomes vital.
Research shows that the coordination in software development
remained a problem due to the human and behavioral factors
[10]. In addition, the global software development augmented
the problems due to the distance factor [6], [7].

Team cognition research suggests that when the team mem-
bers interact with each other to perform their task activities,
with the passage of time, they develop a common understand-
ing about the shared work which is referred as team knowledge
[11]. Prior research shows that there are several team cognition
mechanisms, including the shared mental model [12], familiar-
ity [3], [13], collective mind [14], transactive memory [15] and
team situation awareness [16], which are conceptually different
but based on some form of the team knowledge.

Generally, the team knowledge can be classified as long-
term knowledge (shared knowledge) and short-term knowledge
(team awareness) [17]. Research argues that both types of
knowledge are useful for the teams to achieve the effective
coordination of their task and team work [11]. Moreover, this



classification helps to understand the acute distinction between
these two types of knowledge – shared knowledge and team
awareness – while trying to achieve the coordination through
team cognition.

Shared knowledge – also known as familiarity – can further
be classified into the shared knowledge of task and the shared
knowledge of team. This is a permanent knowledge which
is learnt or experienced over time and is personal to the
individual [11]. Such type of team knowledge is useful for
several phases of the task of the same domain. Similarly,
team awareness can also be divided into task awareness and
presence awareness. Unlike shared knowledge, team awareness
is situational and bounded by the time and space [11]. For
example, once the deadline of a task has passed then such
task awareness information does not remain useful any more.

Several types of team awareness have been discussed in
the literature – e.g. activity awareness, space awareness, envi-
ronmental awareness, task awareness and presence awareness.
The main reason for the selection of the task awareness and
presence awareness is that these types of awareness provide
support – through the situational knowledge about the task
and the team in a virtual collaborative environment – which is
essential for the task and the team coordination [11].

Our goal in this paper is to understand, how team awareness
(more specifically the task awareness and presence awareness)
interact with familiarity (task and team) and shared mental
models (task and team) in local and global setup of soft-
ware development teams. Further, we will study how team
awareness, familiarity and shared mental model interact with
complexity in the same setup. Finally, we will conjure the
implications on coordination and team performance based on
existing literature.

We selected the global software development (GSD) teams
for our study because it is often characterized as the more
complex setup due to the geographical dispersion. Further-
more, the global software development teams usually share a
common project despite being at different locations. Therefore,
this setup provides an ideal environment for our study.

The rest of the article is organized as follows. First we
present a background study in Section II, followed by the
research methodology, which we used for our study, in Section
III. Then we presented the results in Section IV, followed
by a discussion in Section V. Finally, conclusions and study
limitations are presented in section VI and VII respectively.

II. BACKGROUND

Malone and Crowston define coordination as the “manage-
ment of dependencies among task activities” [18]. The need
for coordination in the software development arises due to the
complex dependencies among the software artifacts [9], [19],
[20]. Coordination of the task activities is easier in collocated
setup [21] due to the informal interactions [22], unplanned
discussions [23] and rich & frequent communication [24].
Generally, the collocated teams are considered as more effec-
tive due to a similar work experience and a shared common
knowledge among the members of the team [13].

Although collocated teams are deemed as an ideal setup for
the software development [13] but in current global market

Fig. 1. Types of Awareness and the position of Workspace Awareness, taken
from [34]

this is not always possible to have such teams. Companies
are becoming global due to several reasons which include
cost reduction, seeking large number of specialized skills,
globalization of market [25], [26] and the ease to share the
software parts across the network due to the advancement
of computing and telecommunication [5]. This involves more
people to collaborate from the geographically different loca-
tions in order to perform their software development activities
[13].

Coordination in GSD teams is mainly problematic due
to the distance involved between the development sites [8],
[20]. It impairs the visibility and makes it more difficult to
understand the complex dependencies among the task activities
at a distance. In addition, involvement of human and behavioral
factors due to the differences in socio-cultural backgrounds in-
creases the GSD problems even further [10]. Research suggests
that the people at a distance are less likely to communicate
frequently and potentially they are less effective as a team
[8]. It is also argued that despite the benefits posed by GSD
[25], [26], dispersion increases the coordination requirements
in geographically dispersed software development teams and
also brings considerable delays in achieving the deadlines [27],
[28].

Studies of the GSD teams discovered that both the knowl-
edge about the task activities (individual as well as group)
and the information sharing (within the team as well as across
the team) are essential for the successful coordination [11].
Furthermore, literature suggests that the sense or knowledge
about the momentary activities of the other team members is
also necessary for coordination. Such situational knowledge
refers to the concept known as awareness [29]. Awareness is
an “understanding of the activities of others, which provides a
context for your own activities” [30].

There are several types of awareness informal awareness
[31], group-structural awareness [31], social awareness [32]
context awareness [33], situation awareness etc., which provide
different kinds of the fleeting information [33]. These types of
awareness are interrelated and to some extent overlap with
each other in order to support various needs for the awareness
in a group work. Mainly, they contribute towards a type of
awareness, which is referred to as workspace awareness [34]
(see Fig. 1).

Workspace awareness is “up-to-the-minutes knowledge of
other participants interactions with the shared workspace”
[34]. In literature, workspace awareness is also viewed as
closely related to the activity awareness [35] and task aware-



ness [32]. Task awareness involves “understanding the purpose
of a task, the specific goals and requirements of the group
in pursuing the task, and how the task on hand fits into a
larger plan” [31]. Similarly, informal awareness is related to
the presence awareness [33] which provides “the general sense
of who is around” [31] and “when he/she is available” [33].

Shared mental models are based on the more organized
shared knowledge among the team members [36]. Team cog-
nition theory suggests that when the team members collaborate
with each other to perform the task and team work they
develop a shared knowledge about the task and the team
members [37], [38]. Such shared knowledge becomes the base
to develop the shared mental models among the collaborators
[39]. Research in the team cognition suggests that the shared
mental models positively support the coordination [13]. In
the distributive collaborative large-scale software development,
the shared mental models are generally divided into two
categories: the shared mental models of the task and the shared
mental models of the team [17], [39]. These shared mental
models help the collaborators to develop the right expectations
and explanations about the task and the team members, which
help them to coordinate implicitly [36].

Stronger shared mental models are necessary for asyn-
chronous tasks, such as the distributive collaborative software
development, to carry out the task activities effectively through
coordination [36]. In contrast, weaker shared mental models
may lead to a wrong expectation eventually resulting in a delay
in the completion of the task due to the poor coordination
[36]. Team awareness may have a positive effect on the
weaker shared mental models and support the task activities
through the task awareness (by understanding the activities
of the others). Similarly, it can help to develop the accurate
expectation about the team members through the presence
awareness.

Unlike familiarity, awareness is situational and provides
information about the current task activities and it is discarded
once the activities are complete [11]. For example, knowledge
about the deadline or who is responsible for testing is a fleeting
knowledge and it has no use once the task activities are
performed. On the other hand, familiarity with the task and
the team supports the developers to perform complex tasks
more quickly in the geographically dispersed environment
[10], [25]. It helps to reduce the overall development effort and
the duration of project by coordinating their work activities.
Familiarity is a long-term knowledge, which grows with the
experience and has a positive effect on the performance by
minimizing the coordination losses [10]. Whereas, awareness
is a fleeting knowledge which provides the context to the
developers to align their task activities with the other team
members to improve the coordination within the team [11],
[30].

Familiarity with the same domain helps the members of
a large-scale software development team to develop a more
organized knowledge which results in the stronger shared
mental models [13]. Experienced workers are more likely to
respond to the complex situations of the task and the team
effectively through coordinating their task and team activities
[3]. It is argued in the literature that the task familiarity
is more beneficial when the task is complex and the task
coordination is challenging. Similarly, the team familiarity is

TABLE I. ELEMENTS OF WORKSPACE AWARENESS [40]

Category Element Specific Question

Who Presence Is anyone in the workspace?
Identity Who is participating? Who is that?
Authorship Who is doing what?

What Action What are they doing?
Action What goal is that action part of?
Artifact What object are they working on?

Where Location Where are they working?
Gaze Where are they looking?
View Where can they see?
Reach Where can they reach?

How Action history How did that operation happen?
Artifact history How did this artifact come to be in this state?

When Event history When did that event happen?

Who (past) Presence history Who was here, and when?

Where (past) Location history Where has a person been?

What (past) Action history What has a person been doing?

more effective when the team members are dispersed and the
team coordination is more difficult due to the rare opportunity
of a rich collocated interaction [3].

Difference between the familiarity and the shared mental
model is that the former is the permanent knowledge or
experience that a team member possesses whereas the later
is the knowledge which is similar among the members in a
team [13]. Shared mental models are developed by working on
a common task and through the experience [37]. Familiarity
of the team members with the common domain helps them
coordinate effectively while performing their task activities
through the collaboration in the large-scale software devel-
opment. Research shows that the task complexity affects the
team performance [3]. An increase in the task complexity
decreases the performance whereas the experience increases
the performance.

To the best of our knowledge, no prior study has been
conducted to investigate the interaction of task awareness with
familiarity and shared mental models in local and global setup
of teams. We also studied the effect of distance, task size, team
size and team type on these team cognition mechanisms. In the
following section we see which methods we used to conduct
this study.

III. RESEARCH METHODOLOGY

In this section we explain the research methodologies used
to answer our research questions.

RQ1. How do the team awareness (i.e. task awareness
and presence awareness) interact with familiarity and shared
mental models in both local and global teams?

RQ2. How team awareness, familiarity and shared mental
models interact with task and team complexity in both local
and global teams?

We conducted semi-structured interviews with managers
followed by a survey study in order to answer our research
questions. We divide our approach in three phases. In the first
phase we did a literature review by using snowballing [41] to



TABLE II. QUESTIONS TO UNDERSTAND TEAM AWARENESS (I.E.
TASK AWARENESS AND PRESENCE AWARENESS), FAMILIARITY AND

SHARED MENTAL MODELS

Related To Questions

Task – What do they know about the task domain?
– What do they know about the task structure?
– What steps are required to take to complete the task? [43]
– What tools/materials are needed to complete the task? [43]
– Where are the required resources placed/available?
– How to acquire the required resources to carry out the task?
– What is the current status of the task?
– What are the dependencies related to the task?
– Where does the expertise reside in the team?
– How much time is required? How much time is available? [43]

Team – Who is in the team?
– Where is he/she now?
– When is he/she available?
– Who is leaving the team?
– When is he/she leaving the team?
– Who is joining the team?
– When is he/she joining the team?
– Who is going on vacations?
– When are the holidays in the cross-site team?
– Who sits next to whom?

Demographic – What is your designation?
– How many months/years of experience in current designation?
– How many months/years of experience in the current team?
– How many months/years of experience in the current company?
– How many years of experience throughout the career?

Notes: Task awareness is used from [43] and modified to study the awareness
between sites to understand effectiveness.

get in-depth knowledge about the research area. We also found
four factors, distance, task size, team size and team type, which
were repeatedly used in the literature and play their role in the
cross-site collaboration [3], [13], [22], [23], [42]. We will also
explain them later in this section. Then, in the second phase,
we collected the quantitative data through survey in global
software development teams. Finally, in the third phase, we
validated our data by conducting semi-structured interviews
with the project managers or team leads to further get in depth
knowledge about the effect on the team performance.

A. Phase-I, Literature study and survey building

In order to define the base of our study and to support our
findings through literature we explored the relevant literature
by using the snowballing technique [41]. The snowballing
method is empirically proven for effective identification of the
relevant research area [44]. By using the workspace elements
proposed by Gutwin and Greenberg (See Table I), we searched
the literature to define the questions related to task and team for
our study (see Table II). We also defined the questions related
to demographic information. We used the task and the team
related questions to know the task and the team awareness. We
used the same questions along with demographic information
to know the task and team familiarity and shared mental
models. In order to answer those questions, we constructed
a survey questionnaire by using the Kitchenhams guidelines
[45]. This includes survey design (cross-sectional), sample
selection, question construction, questionnaire evaluation, data
analysis etc.

Fig. 2. Generic setup for the data collection. (“M” is referred to as a member
of a team)

B. Phase-II, Survey and data analysis

In the second phase, we conducted a survey and collected
96 responses from 22 software development teams, which were
involved in the large-scale development of software systems.
Major contribution was from the telecom sector (45% of
responses). We conducted face-to-face structured interviews
with the developers in the teams which were accessible. For the
geographically dispersed teams, we sent them the online survey
questionnaire to acquire the quantitative data. Data collected
through online survey might be inconsistent due to the change
in work responsibilities of the participants over time. In order
to ensure the consistency of the data, we imposed a limit of five
days for responding the online survey. Furthermore, we had
not only provided the online support to the respondents while
filling the survey form but also arranged a short discussion
with each participant soon after completing the survey form.
This helped to identify if there was any change in the context
during the imposed five days time limit. Finally, during the
data normalization process for this phase, we again contacted
the respondents if further clarification was required.

Online survey questionnaire was designed in such a way
that it collects the information in three steps. In the first step,
researchers inquired the respondent (M1-T1 is the member
of Team-1) about his/her task and presence information. We
considered this information as the baseline information about
the team member and we used it for semantic analysis (See
Fig. 2). In the next step, each respondent was asked to provide
the information about all his/her team members (in the figure
M2-T1 and M3-T1 are the members of Team-1) and finally he
was inquired for all the members of the remote team working
with his team (M1-T2, M2-T2 and M3-T2 are the members of
Team-2). Remote team was selected based on the criteria that
it must share a common project with the local team and both
the teams must be collaborating to perform their task work.

Normalized data was then stored in the excel sheets. We
analysed the normalized data semantically and statistically to
investigate the task awareness and presence awareness among
the team members. After that, we calculated the task and
team familiarity among all the team members in the local



TABLE III. QUESTIONS TO EXPLORE THE EFFECTIVENESS

Element Questions

Distance – How does the distance affect the task understanding?
– How do the teams on a distance communicate?
– Which tools they use to collaborate on a distance?

Task Size – What is the size of the task (based on the lines of code)?
– Do the teams finish their tasks on time?
– What usually causes a delay in meeting the deadline?
– Are the tasks structurally complex (task dependency)?

Team Size – What is the size of the team (small, medium or large)?
– Do the teams have static size or it grows or shrinks?
– Do all the team members in one team sit at one place?
– For how long have the teams been working together?
– When does a team usually dissolve?
– Does the work of the team members depend on each other?

Team Type – What is the type of the team?
– How do the team members share their problem?
– How are the new members integrated in the team?
– How often is a formal meeting organized?

Notes: These questions are asked for both local and cross-site team.

and global team, based on their experience of the task of the
similar domain and the time they spent together as a team
[46]–[49]. Finally, we calculated the level of the shared mental
models of the task and the team by considering the common
understanding among the team members about the task and
the team.

The outcome of this phase was the level of team awareness
(i.e. task awareness and presence awareness), familiarity (i.e.
task familiarity and team familiarity) and shared mental models
of the task and team between the local and remote teams.

At this stage, we were still not sure how the team cognition
models (i.e. awareness, familiarity and shared mental model),
that we calculated, interact with each other and how distance,
task size, team size and team type effect them. Therefore,
we decided to further conduct interviews with the project
managers or team leads to know the effect of these factors
(i.e. distance, task size, team size and team type) on the team
cognition constructs in more detail.

C. Phase-III, Interview with managers

Finally, in the third phase, we conducted semi-structured
interviews with the managers or team leads to further inves-
tigate about the effect of the distance, task size, team size
and team type on the global software development teams. We
collected 11 responses through interviews either face-to-face or
through phone calls. Questions, which were developed to get
the required information, are presented in Table III. Qualitative
data collected through the interviews is then analysed by
using the thematic coding [50]. Thematic coding during its
six phases helps to identify, analyse and report the patterns in
the data. The results obtained in this phase were also used to
calculate Pearson correlation, which helped to understand the
factors which positively or negatively affect the different team
cognition mechanisms.

D. Variables studied

In order to explore the effect of the team awareness,
familiarity and shared mental models in more detail we

used distance, task size, team size, team type, familiarity
and shared mental models as the variables for our study.
Research shows that recording such context factors helps to
explain the differences in results which usually have positive
or negative influence [51]. We selected these variables based
on the literature study through the snowballing technique
and we observed that these factors are discussed more or
less repetitively in the cognitive and organizational literature.
Therefore, we inferred that the investigation of these variables
can possibly reveal their positive and negative effect on team
awareness, familiarity and shared mental models (See Fig. 3).
We discuss them in detail in the following sub-sections.

1) Distance: Distance affects the different coordination
mechanisms negatively by impairing the task context [13].
Prior research empirically claims that the distance increases
the coordination need by making the coordination activities
more difficult for the software development teams [8], [52].
Empirical research shows that the software developers in
the GSD teams mainly rely on the opportunity of ad-hoc
and informal interactions [9], [20], [53]. Consequently, the
absence of the informal communication leads towards the delay
in meeting the deadlines [13] and lower the level of trust,
awareness and productivity in the remote team [51], [54].

We used the distance as an independent variable to measure
the geographic dispersion between the software development
teams. As for each company we selected two teams which
are working on a common project therefore this variable
was dichotomized according to the previous studies of the
GSD teams [3], [8], [55]. We divided the distance into two
categories, local and global.

2) Task size/task complexity: Usually, the number of lines
of the code is considered to be directly proportional to the
development time it takes [3]. Research shows that, similar
to the distance, increase in task size also affects the team
performance and speed negatively [55]. Task size variable
is also dichotomized as the simple and complex tasks. We
categorized the tasks based on the thousands of lines of code
written for the implementation of the software applications.

3) Team size/team complexity: Prior research claims that
the team size has an effect on the team performance and it
must be taken into account during the team composition [42].
Therefore, we measured the team size as small, medium and
large team. Inspired by the prior study [56] we placed the
teams into three categories based on the following criteria.

• Small team consists of 2 to 5 members.

• Medium team consists of 6 to 10 members.

• Large team consists of more than 10 members.

Researchers also argue to have found a significant corre-
lation between the team size and the level of communication
within the team [57].

4) Team type: Team types play an important role in the
software development. Different team types have different
effects and different requirements. We considered four types
of teams for our study.

• Collocated team

• Virtual team



Fig. 3. Model to support team performance through team awareness. Here ‘+’ represents a positive effect and ‘-’ represents a negative effect.

• Loosely coupled team

• Agile team

Collocated team has the rich opportunity of both formal and
informal communication [22], [23] which leads towards the
easier coordination [21]. While the virtual and loosely coupled
teams are geographically dispersed and offer the speculated
benefits of global software development [26]. Such teams also
face problems like the delayed deadlines [13], lack of trust
and lack of productivity in cross site [51], [54], coordination
breakdown, loss of “communication richness”, loss of “team-
ness” and cultural differences [2]. Many companies involved
in the distributed software development are considering agile
teams to solve their coordination and communication issues
[58].

5) Task familiarity: Empirical research shows that the task
familiarity has been measured by considering the task experi-
ence in similar task domain [46], [47]. Consistent with prior
research, we also measure the task familiarity by using the
same grounds for both local and remote team. We considered
the skills of the software developer and his/her experience on
the similar previous work along with the number of years
he/she worked on a similar task in the same domain. We
also considered that how effective is the software developer
in acquiring all the resources which he needs to carry out that
task.

6) Team familiarity: Prior research shows that the team
familiarity has been measured as the prior work experience
with the same team members [48] on the similar tasks [46],
[47], [49] and the previous knowledge about the team members
[59], [60]. It has also been measured as the number of times a
team member has worked with the other team members [61].
Thus, consistent with the prior research, we also measured the
team familiarity by considering these factors along with an

additional factor namely who is sitting with whom in the local
and remote team. This gives us the insight to develop a more
clear understanding about the local and global team familiarity.

7) Shared mental models of task and team: Team cognition
research suggests that the team members coordinate through
constructs like shared mental models [13]. The shared mental
models of the task and the team facilitate the team members
to develop the shared understanding about the group task
as well as about each other [14]. Prior research shows that
such an understanding about the task and the team affects
the subsequent task performance and team process positively
[62]. We considered the shared mental model of the task and
the team as a determinant factor of coordination behavior.
Consistent with the prior research we calculated the shared
mental models by considering the common conceptualization
of the artifacts, task and team members shared among the
members of that team [63].

IV. RESULTS

After the definition of measures for the study variables,
we computed their values by using the data acquired through
survey and semi-structured interviews and converted them into
logarithmic form. Then we computed the Pearson correlation
coefficient (r) for those variables. Pearson correlation is used
for the analysis of linear relationship and best fits for our study.
Correlation matrix for the study variables is presented in Table
IV for local teams and in Table V for global teams.

In the following subsections we examine the effect of team
awareness – task and presence awareness – on the familiarity,
shared mental models and conjure the implications on coor-
dination and team performance based on existing literature.
We also inspect that how do the familiarity and shared mental
models interact with each other. Finally, we will examine the
factors that affect the team awareness in the local and global



TABLE IV. DESCRIPTIVE STATISTICS AND CORRELATION MATRIX FOR THE LOCAL TEAMS

Variable Mean Std. dev. 1 2 3 4 5 6 7 8 9

1. Task awareness 1.90 0.09
2. Presence Awareness 1.77 0.18 0.64
3. Distance 1.62 0.22 0.07 0.11
4. Team size/team complexity 1.53 0.24 -0.01 -0.04 -0.42
5. Task size/task complexity 1.28 0.12 -0.04 -0.31 -0.26 -0.10
6. Team type 1.56 0.27 -0.24 -0.52 -0.04 -0.27 0.44
7. Task familiarity 1.74 0.11 0.6 0.63 0.14 -0.05 -0.23 -0.52
8. Team familiarity 1.75 0.17 0.52 0.59 0.08 -0.10 -0.10 -0.14 0.58
9. Task SMM 1.75 0.08 0.48 0.52 0.10 0.04 -0.17 -0.56 0.84 0.53
10. Team SMM 1.69 0.21 0.44 0.53 0.15 -0.19 -0.06 -0.19 0.58 0.89 0.59

Notes: Correlation is significant at the 0.01 level

TABLE V. DESCRIPTIVE STATISTICS AND CORRELATION MATRIX FOR THE CROSS-SITE TEAMS

Variable Mean Std. dev. 1 2 3 4 5 6 7 8 9

1. Task awareness 1.44 0.32
2. Presence Awareness 1.31 0.56 0.21
3. Distance 1.61 0.22 0.01 -0.11
4. Team size/team complexity 1.53 0.24 -0.13 -0.05 -0.42
5. Task size/task complexity 1.28 0.12 -0.13 0.07 -0.26 -0.10
6. Team type 1.56 0.27 -0.08 -0.22 -0.04 -0.27 0.44
7. Task familiarity 1.66 0.12 0.33 0.55 0.06 0.02 -0.13 -0.46
8. Team familiarity 1.59 0.34 0.12 0.46 -0.14 -0.03 0.07 -0.23 0.56
9. Task SMM 1.36 0.21 0.24 0.52 -0.21 0.04 -0.10 -0.53 0.73 0.57
10. Team SMM 1.52 0.30 0.12 0.41 -0.10 -0.11 0.11 -0.20 0.53 0.92 0.60

Notes: Correlation is significant at the 0.01 level

teams. We discuss our findings in detail in the following sub-
sections with reference to the results in Table IV, V and VI.

A. Effect of task awareness on familiarity and shared mental
model

Our findings show that the task awareness has a larger
positive effect on the familiarity (See Table IV, V and VI). This
effect is stronger for the task familiarity (0.66 for local and
0.33 for global) than the team familiarity (0.52 for local and
0.12 for global). Further, we have found that the task awareness
has a stronger positive effect on the familiarity for the local
teams as compared to the global teams.

Similarly, we found that the task awareness also has a
positive interaction with the shared mental models and this
effect is stronger for the shared mental model of the task (0.48
for local and 0.24 for global) than the shared mental model of
the team 0.44 for local and 0.12 for global. Similarly, the task
awareness has a stronger positive effect on the shared mental
models for local teams as compared to the global teams.

When we compared both the familiarity and the shared
mental models with the task awareness, we found that the task
awareness has a stronger positive effect on the familiarity than
the shared mental models. Our results showed that this effect
is stronger for the local teams but for the cross-site teams task
awareness has a similar kind of lower positive effect for both
the familiarity and the shared mental models.

B. Effect of presence awareness on familiarity and shared
mental model

Our results show that the presence awareness has a large
positive effect on the familiarity (See Table IV, V and VI).
This effect is almost identical for both the task and the team
familiarity in the local team but for the cross-site teams the
effect of task familiarity is stronger than the team familiarity.
Further, we have found that the presence awareness has a
stronger positive effect on the familiarity for the local teams
as compared to the cross-site teams.

Similarly, we found that the presence awareness has a
positive interaction with the shared mental models too. The
effect is almost similar for both shared mental models of the
task and the team in the local teams but for the cross-site
teams the effect of the shared mental model of the task is
stronger than the shared mental model of the team. Likewise,
the presence awareness has a stronger positive effect on the
shared mental models for the local teams as compared to the
cross-site teams.

When we compared both the familiarity and the shared
mental models with the presence awareness, we found that,
similar to the task awareness, presence awareness has a
stronger positive effect on the familiarity than the shared
mental models. Our results showed that this effect is stronger
for the local teams but for the cross-site teams the presence
awareness has a similar kind of lower positive effect for both
the familiarity and the shared mental models.



TABLE VI. RELATION AMONG STUDY VARIABLES

Variable
Task Awareness Presence Awareness Distance Task Size Task Type Team Type

Locally Cross-site Locally Cross-site Locally Cross-site Locally Cross-site Locally Cross-site Locally Cross-site

Task familiarity + + + + + + + + + + + + + - - - + - - - - -

Team familiarity + + + + + + + + + + - - + - - - -

SMM of task + + + + + + + + + + - - - + + - - - - - -

SMM of team + + + + + + + + + - - + - - - -

Task coordination + + + + + + + + + + + - - - - - - - - - - - - - - - -

Team coordination + + + + + + + + + + - - - - - - - - - - - - - - - -

Team performance + + + + + + + + + + + - - - - - - - - - - - - - - - - - -

Note: Here ‘+’ represents a positive impact and ‘-’ represents a negative impact. The number of ‘+’ or ‘-’ signs shows the strength of the impact.

C. Effect of familiarity on shared mental models

In previous sections, we have seen that the task awareness
and presence awareness have a positive effect on the familiarity
and shared mental models. Now we will examine how the
familiarity and shared mental models interact with each other.
Our results showed that the effect of the familiarity on the
shared mental models is very strong. This effect is even
stronger when we consider the task awareness and presence
awareness along with the familiarity and shared mental models.

This confirms that the familiar workers tend to have
stronger shared metal models [13] and moreover, when they
have the task awareness then this effect becomes even stronger
due to the accurately aligned expectations and explanations
of the task and team activities [11], [29], [36], [43]. Due to
the consistency with the prior literature our results provide an
assurance of validity.

We also found that the effect of the task familiarity is
stronger for the shared mental models of the task (both
locally and across site) and the team familiarity is stronger
for the shared mental models of the team. This finding is
also well supported in the literature which states that the task
familiarity offsets the task complexity and the team familiarity
offsets the team coordination complexity [3]. Familiarity also
supports the team members to develop a more organized shared
understanding about the task as well as the team and such
members are more productive [13], [64].

D. Implications on coordination and team performance

In previous sections, we have empirically demonstrated the
positive effect of the team awareness – task awareness and
presence awareness – on the familiarity and shared mental
models. Then we examined the interaction between the fa-
miliarity and shared mental models which was also positive.
We will now conjure the implication of familiarity and shared
mental models on coordination and team performance.

Prior research shows that the familiarity with the similar
work along with the shared understanding of each other and the
task has a positive effect on the coordination. Consequently,
it reduces the task and team complexity and helps the team
members to perform better [19], [65]. Furthermore, familiarity
with the task and the team helps the software developers to
perform complex tasks more quickly in GSD [10], [25]. It
reduces the overall development effort and the duration of
project by coordinating their work activities.

Research in team cognition suggests that shared mental
models are based on more organized shared knowledge among
the team members [36] which proposes that the shared mental
models positively support the coordination [13].These shared
mental models help the collaborators to develop the right ex-
pectations and explanations about the task and the team mem-
bers, which help them to coordinate implicitly [36]. Stronger
shared mental models are necessary for asynchronous tasks,
such as the distributive collaborative software development, to
carry out the task activities effectively through coordination
[36]. Such coordination through shared mental models helps
to improve the team performance by reducing the task and
team complexity.

V. DISCUSSION

Our study presents an important contribution to the re-
search literature on the software development teams which
are collaborating locally and globally to perform their task
activities. These teams are also sharing a common project
between them. Prior research has discussed the effect of the
task and the team familiarity on the team performance and
how the task and the team familiarity deal with the task and
team complexity [3], [46]. Our study extended this concept
and added the task awareness and the presence awareness to
support the task and the team familiarity in order to achieve the
team performance by dealing with the coordination complexity.
Consistent with the prior research on awareness [31], [33],
[66], familiarity [3], [46], [60] and software engineering [10],
[65] our results authenticate the positive effect of the task
and team awareness on the team performance. To the best of
our knowledge, no prior study explored the effect of the team
awareness (i.e. task awareness and presence awareness) on the
familiarity and the shared mental models in order to deal with
the coordination complexity.

Perhaps the most important contribution of our study is to
develop a better understanding of the team cognition constructs
and how they interact with each other to achieve the team
performance. By relating the prior research we built our
theoretical ground and then introduced the task awareness and
the presence awareness. We studied this effect through several
variables which affect the team cognition mechanism in the
local and global environment.

Research shows that, the familiar workers are more likely
to deal with the task complexity effectively by handling the
task coordination complexity [3]. We found that the task
awareness has a positive effect on the task coordination and



it helps the familiar team members to deal with the task
coordination complexity more efficiently. Therefore we suggest
that, by adding the dimension of task awareness in the team,
we can ensure an effective team performance by dealing with
the task coordination complexity.

Similarly, prior study suggests that the familiarity also
supports the team members to deal with the team coordination
complexity in the local and global teams [3]. Our finding
revealed that the presence awareness has a positive effect
on the team coordination. This helps in building an accurate
expectation about the availability of the team members through
stronger team cognition mechanisms. Therefore we suggest
that, by considering the presence awareness with the team
familiarity, we can achieve the team performance by effectively
dealing with the team coordination complexity.

VI. CONCLUSION

In this study, we have explored how the team awareness
(i.e. task awareness and presence awareness) interacts with the
task and team familiarity and shared mental models. We also
studied the interaction between familiarity and shared mental
models. Then, we conjure the implication on coordination and
team performance based on the existing literature. Further,
we studied several factors (i.e. distance, task size, team size
and team type) and their impact on several intermediate team
cognition mechanisms (i.e. task awareness, team awareness,
task familiarity, team familiarity, shared mental model of the
task and shared mental model of the team) and coordination
in order to achieve the team performance.

We supported our study through the literature and by
conducting the survey with the software developers working in
global software teams and we also conducted semi-structured
interviews with the managers or team leads. We collected 92
survey responses both from the local and global teams and
conducted 11 semi-structured interviews.

We found that the team awareness positively supports
familiarity (i.e. task familiarity and team familiarity) in both lo-
cal and remote teams. We also found that team awareness have
a positive effect on building the accurate shared mental model
of the task and the team. Both, familiarity and shared mental
models have stronger positive effect locally but this effect is
weaker for the remote teams. Our study also revealed that the
task awareness supports in dealing with the task coordination
complexity whereas the team awareness is beneficial for the
team coordination complexity. Both, the task awareness and the
presence awareness (i.e. team awareness) put positive effect on
building accurate team cognition models which consequently
lead towards a higher performance in the team (i.e. local and
across site).

VII. STUDY LIMITATIONS

This study has some limitations. First, we conducted the
study in several companies in seven different countries of
Asia, Europe and America. Although, such diversity provided
us with the best opportunity to explore the effect of team
awareness in the GSD environment but this versatility can
possibly be bound to the differences in the culture, language,
organizations etc. Our findings are not limited to the same
organizational culture, size, team type and domain.

Further, the quantitative data obtained from this diverse
setup of companies provided more solid foundations for our
findings and minimized the biases but it lacks the measures of
psychological attitudes of such cultural diversity.

Also, we conducted our study in the software development
teams which are collaborating locally and globally to perform
their task activities. So, findings may be limited to the software
companies which are operating in GSD and also may not
extend to the other software development methods.

Furthermore, the task size and task structural complexity
[67], [68] are discussed separately in the literature but we
assumed that the larger tasks are more complex so we only
considered the task size for our study rather than considering
the task size and task complexity separately.
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Abstract—Developing and maintaining the team awareness
within and across the teams working in the same project helps
the project members in aligning their activities to achieve the
shared goal through an implicit coordination. Two types of
awareness, essential for coordination of software development
activities are task and presence awareness. In this paper, we share
our findings from a survey that aimed at measuring the level of
team awareness in cross-team collaborations, in which the pairs
of teams are separated by smaller or larger distance. In fact,
we distinguished four different levels of separation rather than
conducting the polar analysis. To measure the levels of awareness
we asked questions like who is who, who knows what, who is on a
vacation, who depends on whom and alike. In conclusion we found
that in addition to distance, which affected awareness negatively,
a few other factors influenced the level of team awareness.

Keywords: Awareness, team awareness, task awareness, pres-
ence awareness, awareness level, coordination.

I. INTRODUCTION

Software development activities are usually carried out in
a collaborative fashion [1]. The ease to exchange the software
parts through a network [2] among different locations invited
more people to participate in the collaborative work from
physically different locations [3]. In addition, higher employee
retention cost and lack of skilled resources [3] at a single
location also increased the distance between the teams. It
forced to seek a new market to outsource the software de-
velopment work across the geographical, temporal and socio-
cultural boundaries [3], [4].

Global software development (GSD) is increasingly be-
coming popular due to the speculated benefits [5], [6] and
the advancements in computing and telecommunication tech-
nology [2]. Although there are several proposed benefits of
GSD but, in contrast, research shows that these benefits are
either partially realized or not realized at all [5]. Furthermore,
there are various centrifugal forces – such as dispersion,
coordination breakdown, loss of “communication richness”,
loss of “teamness” and cultural differences [2] – which are
also working against the realization of these goals.

Software development projects have a complicated nature
due to their characteristics of scalability, uncertainty, inter-
dependency and communication [7]. Despite these inherent
characteristics of software development and the novel problems
identified in GSD domain [3], [8], [9], offshore development
is still growing [3], [10]. Several tools and techniques have

been developed to support the software development activities
in a GSD scenario [1], [11]. In order to achieve the benefits
proposed by GSD, software development is carried out by the
teams which impose some specific requirements for effective
collaboration. Collaboration is mainly achieved by commu-
nication, cooperation and coordination. Communication gen-
erates the commitments that are managed by coordination,
which, in turn, arranges the tasks for cooperation [11].

In order to perform a task efficiently, individual knowledge
is essential in a software development team but it is not
sufficient when it comes to the tasks of large-scale software
projects that are shared among different geographically dis-
tributed teams [12], [13]. Large-scale development involves
several teams and individuals working in parallel on the same
product [12] and it also has development processes that contain
complex dependencies [14]. Such teams need to coordinate
their work for the successful integration of knowledge from
multiple functional and technical domains [12]. Coordination
in GSD implies that the individuals working on a common
project must have common view about the product being built,
its functionality, expected outcome, project organization, def-
initions and shared knowledge about team, task and activities
[7].

Coordination in GSD is required for the development
of high quality software products which are well-integrated
and developed according to the schedule. Coordination theory
defines the coordination as the “management of dependencies
among task activities” [12]. Studies of GSD teams revealed
the extent to which knowledge about the task activities (both
group and individual) and information sharing are essential for
the successful coordination [12]. Information about all these
factors contributes towards the concept, which is referred to as
awareness [15]. There are several team cognition mechanisms,
including shared mental model [16], collective mind [17],
transactive memory [18] and team situation awareness [19]
which are conceptually different but based on some form of the
shared knowledge. Regardless of the task domain, awareness
is essential to coordinate the group activities.

Awareness and familiarity are similar but conceptually
different constructs. They have acute differences that cate-
gorize them into separate groups. Familiarity is a permanent
knowledge acquired through learning and experience whereas
awareness is situational and provides the contextual knowledge
about the current task activities, which is discarded soon after
the accomplishment of the task [12]. For instance, working



on a task of a software project, developer gets experience,
which adds to his profile and is permanent, but the deadline of
that task during the work is situational. It might be critically
important at one stage but after meeting the deadline it
gets discarded and has no use. Furthermore, familiarity helps
to perform the task competently and efficiently in a GSD
setup [20], [21] whereas awareness facilitates it by effectively
aligning the task activities with the desired goal [12], [15].

Team cognition research suggests that when the team
members interact with each other to perform their task ac-
tivities, with the passage of time, they develop a common
understanding about the shared work, which is referred as team
knowledge. Team members coordinate their work implicitly
through team knowledge as they understand the activities of
the other team members, which provide the context for their
own activities [12], [22]. This type of coordination is referred
to as the synchronization of the activities of the team members
[23]. On the other hand, the coordination for GSD tasks has not
been well defined in the literature. There are several questions,
such as who is who, who knows what, what is where, what is
what, etc, that need to be inquired in order to understand the
degree of awareness in a GSD environment of varying distance
[12].

In this study, we mainly focused on two types of team
awareness – task awareness and presence awareness (see
Fig. 1) – which provide the contextual knowledge about the
task and the team to ensure the effective coordination and
development of right expectations in a virtual collaboration
[12], [24]. To the best of our knowledge, no prior study has
empirically investigated the level of team awareness – task
awareness and presence awareness – for different software
project teams which are collaborating locally and globally on
different slabs of increasing distance.

In summary, our research addresses the question: What is
the level of team awareness (i.e. task awareness and presence
awareness) in collocated versus distributed teams of varying
distance and which factors affect the team awareness nega-
tively?

The rest of the article is organized as follows. In section
II, we provide a summary of related work. Research question,
group formation, study setup, data collection and analysis
are presented in Section III. Results are given in Section IV.
Discussion, study limitations and conclusions are presented in
Section V, VI and VII respectively.

Fig. 1. Team Awareness: Encapsulating the task and presence awareness.

II. RELATED WORK

Developing and supporting the awareness to enhance coor-
dination in distributed collaborative software development has
been a central point of interest for the last two decades [25],
[26]. A generally accepted definition of awareness provided by
Dourish and Bellotti is “an understanding of the activities of
others, which provides a context for your own activity” [15].
Another, more specific definition about geographically dis-
persed synchronous collaborative group, provided by Gutwin
and Greenberg, is:

“The up-to-the-minute knowledge of other people’s ac-
tivities that is required for an individual to coordinate and
complete their part of a group task. Group awareness is
maintained by keeping track of information such as other
participants’ locations in the shared space (where are they
working?), their actions (what are they doing?), the interaction
history (what have they already done?), and their intentions
(what are they going to do next?)” [27].

Several tools and techniques [26], [28] have been devel-
oped to improve the consciousness among team members by
providing the awareness about individual and group activities.
Computer supported cooperative work (CSCW) applications
use different approaches to disseminate actively generated
awareness information [15]. Mainly these tools support the
group members to achieve the implicit coordination [29], [30]
among the teams, which are working from geographically
different locations.

Literature reveals that CSCW tools, which support the
development activities by introducing awareness in GSD envi-
ronment, can be generally categorized into two groups. Tradi-
tional coordination tools provide the basic level of information,
e.g. keyboard strokes and mouse clicks, whereas configuration
management tools provide information at the individual file
or method level [13]. These tools are categorized based on
the method they use to provide the awareness information
about the activities. Some provide awareness of activities at
repository level (BSCW [31], CVS-Watch [32], COOP/Orm
[33]) while others provide real time support (JAZZ [34],
NightWatch [35], Palantir [36]).

The rationale behind the development of such tools is to
create awareness among developers, which helps them to coor-
dinate their work and to identify the potential problems earlier
in the phase of development and avoid those during integration
[8], [12], [13]. But these tools inform the developers only about
those task activities which are being registered. If the developer
fails to register a task then he will not receive the information
about the activities of that task, which will potentially lead
towards the gap in awareness among team members [13].
Another problem that produces the lack of concern among
developers and consequently the gap of awareness about the
task activities is that they might be cognitively overloaded with
unnecessarily detailed information they received about the task
[13].

Recent research empirically demonstrated that the teams
collaborating across the distance did not use the available tools
and techniques for building awareness as expected [37], [38].
Studies also argue that even if such tools are used they do not
support uninterrupted natural awareness to align and integrate
the activities [39] and furthermore awareness information



TABLE I. CLASSIFICATION OF THE TEAMS BASED ON THE DISTANCE

Group Condition
Group-1 Same floor in the same building but distance less than 30 meters

Group-2 Different floor of the same building or distance more than 30
meters on the same floor

Group-3 Same city or same country or different country with the same
time-zone

Group-4 Same country or difference country with a different time-zone

cannot be supported only through technical solutions [37].
Presence of people from different ethnic backgrounds in a
collaborative environment produces the need to manage cul-
tural and behavioral issues along with the technical solutions
to support awareness [37].

In this study, we are interested to understand the level
of team awareness between the teams collaborating across
varying distances. We conducted a survey in geographically
distributed software development teams sharing a common
project.

III. RESEARCH METHODOLOGY

In this section we explain the empirical background of our
study in order to answer the following research questions.

RQ1. What is the level of team awareness (i.e. task
awareness and presence awareness) in collocated versus
distributed teams of varying distance?

RQ2. Which factors affect the team awareness negatively?

In this study, data is collected and analyzed using a mixed
method research approach (qualitative & quantitative) [40]. We
used the snowballing technique [41] and also focused on the
key authors of the domain for the literature review.

A. Classification of Teams

First, we selected the teams from the organizations which
agreed to participate in the study. Then we organized the par-
ticipating pairs of teams into four groups based on the distance
between them (see Table I). Distance makes the coordination
more difficult for large-scale software development teams [42].
Research shows that increase in the distance between the
collaborative teams, gradually limits the opportunities of rich
collaboration [43] and consequently makes it progressively
more difficult for the teams to coordinate their task activities
and maintain the presence information about the counterparts
[42]. Studies suggest that coordinating work activities in
collocated environment is very easy [43] but on the other hand,
it is also argued that, collaboration declines if the collaborators
are more than 30 meters away or they have to climb up the
stairs to see the counterparts [44]. Therefore, we separate the
teams to investigate the level of team awareness even within
the same building.

B. Conceptualising the study Setup

In this section, we will describe how our study setup works.
We consider a pair of teams and each team, while filling the
survey form, will consider itself as the base team and the
other team in the pair as remote team. We define a three

TABLE II. ELEMENTS OF WORKSPACE AWARENESS [28]

Category Element Specific Question

Who Presence Is anyone in the workspace?
Identity Who is participating? Who is that?
Authorship Who is doing what?

What Action What are they doing?
Action What goal is that action part of?
Artifact What object are they working on?

Where Location Where are they working?
Gaze Where are they looking?
View Where can they see?
Reach Where can they reach?

How Action history How did that operation happen?
Artifact history How did this artifact come to be in this state?

When Event history When did that event happen?

Who (past) Presence history Who was here, and when?

Where (past) Location history Where has a person been?

What (past) Action history What has a person been doing?

steps approach (see Fig. 2). In the first step, researchers ask
the questions about the interviewee (M1-T1 is the member of
Team-1) and inquire about his/her current task and availability.
We will consider this information as the baseline information
about the team member, which will be used to measure the
awareness in the semantic analysis. Then, we inquire about
each member of the base team in which he/she is working (M2-
T1 and M3-T1 are the members of Team-1 – base team) and
try to understand how much he/she knows about his/her team
members. Finally, we ask the questions about all the members
of the remote team which is working with his/her team on a
shared project (M1-T2, M2-T2 and M3-T2 are the members of
Team-2 – remote team). This will give us the insight that how
much he/she knows about the cross-site collaborative team. We
will collect the data by repeating this process for each member
of both the teams in a pair.

C. Questionnaire Building

When the groups were identified and the study setup was
defined then we started building our questionnaire for the
survey by focusing on our study setup.

In order to satisfy our requirement, we used the elements
of workspace awareness (11 out of 16) – relating to the present
and past (See Table II) – proposed by Gutwin and Greenberg

Fig. 2. Generic setup for the data collection. (“M” is referred to as a member
of a team.)



TABLE III. FACTORS USED TO MEASURE THE LEVEL OF TEAM AWARENESS

Questions Factors Used Explanation of the Factors Implication Awareness

Who is who?

Team members Knows the team members by their names. WT, CS TE
Team structure Knows the composition of the team. WT, CS TE
Roles Knows the role of each person in the team. WT, CS TE
Responsibilities Knows who is responsible for which work. WT, CS TE
Task dependency Knows who has a task dependency with his task. WT, CS TA
Leaving team Knows who is leaving the team in coming 3 weeks (permanently or going on a mission). WT, CS PR
Joining team Knows who is joining the team in next one week (new or coming back from a mission). WT, CS PR
Going on vacations Knows who is going on vacation in next 6 weeks. WT, CS PR

Who knows what?

Expertise Knows the expertise of the team members. WT, CS TE
Team size Knows the size of the team. WT, CS TE
Current task Knows the current task of the team members. WT, CS TA
Deadline of task Knows the deadline of the tasks in the team. WT, CS TA
Schedule Knows the current status regarding the schedule. WT, CS TA
Task nature Knows the nature and complexity of the task. WT, CS TA
Facing problem Knows who is facing a problem (technical, development or dependency) regarding the task. WT, CS TA
Problem solving Knows who can solve the problem (technical, development or dependency) regarding the task. WT, CS TA
Current similar task Knows who is currently working on the same or a similar task. WT, CS TA
Previous similar task Knows who has previously worked on the same or a similar task. WT, CS TA
Dependent tasks Knows which task has a dependency with his task. WT, CS TA
Requirements Knows about the requirement change process. WT, CS TA
Task importance Knows the severity of the tasks in the team. WT, CS TA
Task understanding Knows the level of understanding about the tasks in the team. WT, CS TA
Distance Geographical distance between the teams. CS PR

What is where?

Supporting documents or
work manuals

Knows where the task guidance manuals are placed in the shared space. WT, CS PR

Presence in office Knows the momentary presence of the team members. WT, CS PR
Location in office Knows the sitting location in the office. WT, CS PR
Sitting beside Knows who sits with whom in the team. WT, CS PR
Teams location Knows the other teams location. CS PR
Seating topology Knows the seating arrangement/topology in the team. CS PR

What is what?

Team type Knows the team type. WT, CS TE
Communication Knows the level of communication. WT, CS TE
Mutual understanding Knows the level of mutual understanding. WT, CS TE
Time zone Knows the time-zone difference. CS PR
Coming holiday in dif-
ferent time zone country

Knows the situation (holidays duration and availability of people during that). CS PR

Notes: Implication: WT (Within the team) and CS (Cross-site)
Awareness Type: TA (Task Awareness Factor), PR (Presence Awareness Factor) and TE (Team Awareness Factor)

[28]. We did not use two elements (artifact and artifact history)
due to the privacy concern of the participating companies. We
also did not use the gaze, view and reach elements as they
were not relavant to our study. Further, we not only used the
present and past elements to define the factors but also defined
the future form to explore how much participating teams
know about the future events and intentions of each other.
Moreover, we defined several factors against each element
of the workspace. For example, against the element location
we defined the factors like location in office, sitting beside,
team location, seating topology and location of supporting
documents. This gave us an in-depth knowledge about the
situation under study.

Gutwin and Greenberg suggested to use these elements
as a base which can be molded and extended to explore the
awareness in different scenarios of virtual collaboration [28].
We applied them to the literature for geographically distributed
software development teams sharing a common project. We
identified the factors which are necessary to evaluate the team
awareness (task awareness and presence awareness) from the
literature by using the snowballing technique [41].

After that, we conducted an exploratory study through the
narrative interviewing with six volunteers (software developers
in the industry) to validate the awareness factors which are
identified through snowballing. After a few questions and nec-
essary instructions, we asked the volunteers to start explaining
their routines – such as the task activities, task and team
coordination needs, interaction between base and remote team,
problems faced, methods and techniques used to carry out the
tasks, acquiring information about other team members (locally
as well as globally) and supporting tools used.

We analyzed the qualitative data gathered from the volun-
teers by using the thematic coding [45] in order to validate
our identified factors. We found that no new information
could be retrieved through this process but it provided the
opportunity to further strengthen our research grounds to build
the questionnaire on those factors. A detailed description of the
factors along with their implication (within the team or across
the team) and awareness information that they support is given
in Table III.

By using all those factors, we constructed our survey
questionnaire by using the Kitchenham guidelines [46]. This



includes survey design (cross-sectional), sample selection,
question construction, questionnaire evaluation, data analysis
etc. After formulating the survey questions we discussed and
refined those for the clarity. Then we asked two volunteers
to fill the survey form and give feedback on the clarity
and understanding of the questions. We iterated the survey
questionnaire for refinement several times before conducting
the pilot study. Quantitative data gathered through pilot study
pointed out a few shortcomings of semantic data analysis
which were updated before the actual survey study.

D. Data Collection Planning

Parallel to the questionnaire building, we started contacting
the software development companies to get their consent for
conducting the survey. First, we identified the 22 software
companies, by using stratified random sampling method, which
were working in GSD by searching from the web. As, we
were not limited to the specific region due to our study
setup therefore any software company working in GSD was
a potential candidate for our research. We contacted those
companies by email but got no response. Then, we decided
to visit the software companies in person or call them but
they refused to participate citing several reasons such as:

• Their company is not relevant for the study

• They have no time to participate in the study

• They have concern of losing confidentiality

Finally, we used convenience selection method and contacted
through our references in the companies. We got confirmation
from 34 teams (17 pairs of teams) in 15 software companies.
All the companies were engaged in the development of large-
scale software systems.

E. Actual Data Collection

Once the questionnaire was ready and companies were
selected then we started conducting individual, structured face-
to-face interviews and a web-based survey from large-scale
software development teams working in different domains of
software development. Major contribution (52% of responses)
was from the telecommunication sector and approximate du-
ration of each survey was 45 minutes. Study is conducted
in seven countries worldwide. Local and global setup of
large-scale software development teams in multiple companies
provided a necessary diverse environment. This helped to
explore the level of team awareness between teams ranging
from collocated to the ones geographically distributed across
different time-zones and socio-cultural boundaries.

Dispersion of the teams in seven countries made it impos-
sible to conduct face-to-face interviews with each participating
team. Thus for the teams which were not available for face-
to-face interview, we sent them a web-based survey link to
fill the online survey form. Moreover, we provided them with
the technical assistance through phone calls, Skype calls and
emails to avoid any misinterpretation/confusion while filling
the survey form and for the clarification of the questions
raised due to the misunderstandings. Data collected through
online survey might be inconsistent due to the change in
work responsibilities of the participants over time. Therefore,

TABLE IV. INFORMATION ABOUT TEAMS, PARTICIPANTS AND
RESPONSE RATE

Groups
Pairs Team-1 Team-2 Total Response

of Teams Participants Participants Participants Rate

Group-1 4 28 18 46 96%
Group-2 4 15 17 32 94%
Group-3 2 4 4 8 84%
Group-4 3 13 8 21 85%

TOTAL 13 60 47 107 89%

we also imposed five days time limit for filling the survey
form to avoid any inconsistency in the context. Finally, in
order to ensure the accuracy of the context, we contacted
the participants after the completion of each survey form and
further discussed the situation with reference to the context of
the other participants of that team. A large amount of written
notes was taken during this process.

All interviews that we conducted were audio recorded,
except one in which we forgot to turn on the audio recorder,
and web based survey responses were stored in the survey
application.

F. Data Analysis

Data collected through survey was then stored in the excel
sheets. After normalization, we selected 107 responses of
26 teams (13 pairs of teams) from 12 software development
companies (see Table IV) out of 133 responses of 34 teams (17
pairs of teams) from 15 software development companies. The
rejected 8 teams did not meet one or several of the following
criteria of the study:

• Wrong or incompletely filled survey form,

• Participation with reference to the team size was less
than 50%,

• A response submitted after the imposed five days time
limit,

• One of the teams in the pair did not fill the survey
forms despite the commitment.

At this stage, the correct and consistent data was converted
to a presentable form to be analyzed – both statistically and
semantically – to find out the level of team awareness for
all pairs of teams. As described in the study setup, we used
the individual’s data acquired through the first step of survey
as the base for semantic analysis. For instance, personal data
provided by each participant about his/her task and presence is
considered as the baseline information about the team member.
By comparing this information with what other team members
(within the team and across the team) said about his/her task
and availability gave us the insight of what the other team
members of the base team and the remote team know about
that particular person.

We assigned the weights and calculated the percentages
to know the level of awareness for each individual. Weight
is assigned to keep the balance between the newly hired
experienced person and the one already working but having
less experience. Then, we aggregated it to the team level in



TABLE V. LEVEL OF TEAM AWARENESS IN LOCAL TEAMS FOR ALL GROUPS

Local Team
Expected Level Explored Level of Awareness
of Awareness Team Awareness Factors Task Awareness Factors Presence Awareness Factors Team Awareness

Group-1 Very High - High High Medium High
Group-2 Very High - High Very High High Very High
Group-3 Very High - Very High High Medium High
Group-4 Very High - High High Medium High

Group-1: Same floor in the same building but distance less than 30 meters
Group-2: Different floor of the same building or distance more than 30 meters on the same floor
Group-3: Same city or same country or different country with the same time-zone
Group-4: Same country or difference country with a different time-zone

TABLE VI. LEVEL OF TEAM AWARENESS IN CROSS-SITE TEAMS FOR ALL GROUPS OF VARYING DISTANCE

Local Team
Expected Level Explored Level of Awareness
of Awareness Team Awareness Factors Task Awareness Factors Presence Awareness Factors Team Awareness

Group-1 Very High - Low Low Low Low
Group-2 ⇓ - Medium Low Medium Medium
Group-3 - Low Low Medium Low
Group-4 Very Low - Very Low Low Very Low Low

Group-1: Same floor in the same building but distance less than 30 meters
Group-2: Different floor of the same building or distance more than 30 meters on the same floor
Group-3: Same city or same country or different country with the same time-zone
Group-4: Same country or difference country with a different time-zone

order to get the level of team awareness for the whole team.
Finally, we converted the results into logarithmic form to make
them more presentable.

IV. RESULTS

We will discuss two scenarios to present our findings for
the pairs of collaborative teams.

• Awareness within the team (i.e. in the base team and
in the remote team)

• Awareness across teams (i.e. between the base team
and the remote team)

A. Awareness within the team

A general perception is that within the team the level of
awareness will remain similar for all the participating teams of
varying distance. This implies that regardless of the distance
all the teams in Group-1, Group-2, Group-3 and Group-4 will
have relatively same expected level of awareness (See Table
V).

We have found that the level of team awareness for within
the team is high for Group-1, Group-3 and Group-4 but it
is less than Group-2, which is very high (See Table V). We
also found that only Group-2 meets the expected level of
team awareness, whereas, the rest of the groups are below the
expected level. However, it contradicts our expectations that
the level of team awareness is comparable for all the teams (i.e.
base and remote) in all the groups regardless of the distance
between their pairs of teams and it varies only for cross-site
collaborative teams.

Now the question is, which factors contributed for Group-
2 to achieve the expected level of team awareness? Further,
which factors put a restriction for Group-1, Group-3 and
Group-4 to achieve the desired level of team awareness? We
found that experience of team members working togather as a
team, team size, team type and the level of communication
among team members were influancing the results. These
are the factors that supported the Group-2 and prevented the
Group-1, Group-3 and Group-4 from achieving the desired
level of awareness. In section-C we will see in detail how
and why these factors effected the level of awareness within
the team.

B. Awareness across teams (Cross-site collaborative teams)

A general perception is that the distance and awareness are
inversely related to each other. It means that the greater the
distance between the collaborative teams, the lower should be
the level of awareness. Focus/nimbus model [26], [27] dealing
with the large spaces to disseminate awareness information
in virtual collaborative environments also suggests the same.
This implies that, as we will move from Group-1 to Group-
4, the expected level of awareness between the cross-site
collaborative teams will gradually decrease (See Table VI).

Similar to the pattern of awareness within the team, the
level of awareness for cross-site teams is higher for Group-2
(determined as medium) as compared to Group-1, Group-3 and
Group-4 which is low (See Table VI). We also found that none
of the groups meets the expected level of team awareness for
cross-site collaborative teams. Group-1 and Group-4 were the
expected extremes (i.e. very high and very low respectively)
for the cross-site collaborative teams on a varying distance but



TABLE VII. LEVEL OF TEAM AWARENESS (TASK AWARENESS AND PRESENCE AWARENESS) AND THE FACTORS IMPACTING IT (ALL THE VALUES ARE
GIVEN IN LOGARITHMIC FORM FOR A BETTER REPRESENTATION AND EASY COMPARISON)

Groups

Task Presence Team Team
Experience Team Size

Team Inter-
Pairs Awareness in Awareness in Awareness Awareness Type action

of Both Teams Both Teams in Team-1 in Team-2
Teams Within Cross- Within Cross- Within Cross- Within Cross- Within Cross- Within Cross- Within/ Cross-

team site team site team site team site team site team site Cross-site site

Group-1 Pair-01 1.92 1.41 1.67 1.13 1.85 1.41 1.82 1.30 1.00 1.11 0.60 0.48 Not Agile Medium
Pair-02 1.90 1.54 1.66 1.38 1.85 1.49 1.82 1.45 0.78 0.90 1.08 0.70 Not Agile Medium
Pair-03 1.82 1.36 1.71 1.18 1.84 1.53 1.73 1.36 0.70 0.48 0.78 0.30 Not Agile Low
Pair-04 1.95 1.62 1.92 1.75 1.93 1.71 1.94 1.75 1.11 1.04 0.78 0.90 Agile High

Group-2 Pair-05 1.93 1.57 1.78 1.82 1.88 1.81 1.83 1.70 0.70 1.00 0.30 0.48 Not Agile Medium
Pair-06 1.92 1.53 1.90 1.62 1.91 1.69 1.90 1.51 0.85 1.18 0.70 0.60 Not Agile High
Pair-07 1.83 1.53 1.79 1.49 1.77 1.49 1.81 1.43 0.90 1.00 0.60 0.48 Agile Medium
Pair-08 1.93 1.45 1.94 1.71 1.93 1.66 1.94 1.64 1.15 1.18 0.60 0.85 Agile High

Group-3 Pair-09 1.93 1.38 1.72 1.76 1.92 1.48 1.86 1.45 1.08 0.85 0.30 0.30 Not Agile High
Pair-10 1.88 1.47 1.82 1.41 1.67 1.52 1.92 1.51 0.85 0.95 0.30 0.30 Not Agile Low

Group-4 Pair-11 1.91 1.54 1.77 0.85 1.90 1.20 1.81 1.26 0.95 0.85 0.90 0.60 Agile Low
Pair-12 1.90 1.56 1.69 1.38 1.85 1.48 1.83 1.54 0.90 0.90 0.48 0.30 Not Agile Medium
Pair-13 1.81 1.58 1.79 1.45 1.79 1.51 1.80 1.45 0.90 0.90 0.30 0.30 Not Agile High

Notes: Results presented in this table are in logarithmic form. Several factors like experience, team size, team type and interaction can influence awareness.
Teams under the heading of “Team-1” are the main contacted teams. They were the teams which were incharge of distributing and monitoring the projects across the teams
and usually exhibit higher level of team awareness than the receiving teams “Team-2”.

result shows that Group-1 and Group-4 both have the same
low level of awareness.

Now the question arises, why the level of team aware-
ness of collocated (Group-1) teams is similar to the teams
distributed in different countries across different time zones
(Group-4)? Another question is which factors elevated the level
of team awareness for Group-2 a bit higher (medium) than the
rest of the groups? Finally, we will also see why our results
are not as expected for the cross-site collaborative teams (See
Table VI)? Again we found that experience of team members
working togather as a team, team size, team type and the level
of communication among team members were playing their
role. We analyse these factors in detail in the following section.

C. Factors affecting team awareness

In order to find the explanations for our results, we an-
alyzed the factors (see Table III) for a possible positive or
negative influence on the level of team awareness. Moreover,
the demographic information of the teams was also considered
to know the circumstances in more detail (see Table VII). We
consulted the data and through cause and effect analysis we
found that the factors like experience, team size, team type
and the interaction between the teams (in a pair) played the
influential role in affecting the level of team awareness in our
study. We discuss them in detail in the following sub-sections
for both within the team and across the team.

1) Experience: We found that the lack of experience of the
team members affected the level of task awareness, presence
awareness and it also affected the factors of team aware-
ness, which eventually lowered the overall team awareness of
Group-1 for both within and across the teams. We analyzed the
different facets of individual experience and came up with the
following three dimensions which affected the team awareness
in Group-1:

a) A person with no experience (fresh graduate),

b) A person with prior experience but new to the company,
c) A person with prior experience in the company but new to

the team.

Our finding was further supported when we studied the
reasons of comparatively better level of team awareness in
Group-2 for both within and across the teams. Further, a
better level of team awareness for cross-site teams in Group-
4 also proved that experience positively affects the level of
team awareness. It shows that the effect of experience is
stronger even for the teams which are distributed across the
geographical, temporal and socio-cultural boundaries [3], [4].

It also showed that the resources with greater experience in
the same team and relevant domain are more likely to support
and maintain the task awareness and presence awareness,
which consequently increases the level of team awareness.
This finding also complements the prior research in team
cognition which refers that team members with similar task
experience by working on similar projects have more organized
shared knowledge [22].

In order to consolidate our confidence on the results even
further, we considered the team members with less experience
as outliers and removed them from analysis but still we found
no considerable change in our results. This is because, the
less experience of the team members is not the only factor
which causes the level of team awareness to be low but there
are several other factors like team size, team type and the
interaction between the cross-site teams which drives the level
of team awareness as low or high.

2) Team size: Another important factor that impacted the
team awareness negatively was the team size. We found that
Group-1 contains the teams larger in size (for both locally and
cross-site teams) as compared to the other groups (see Table
VII). The teams in Group-1 were almost double in size than
the teams in the other groups. Our observations also support
the existing research, which advocates that the increase in the



size of team exponentially increases the dependent links within
the team and brings substantial project management and coor-
dination overhead [20]. Consequently, it results in a decrease
in the level of team awareness by negatively influencing the
effective comprehension of the task and presence awareness.

The main reason for a comparatively better team awareness
of Group-3 (for both within and across the teams) was the
smaller size of the teams in that group, which made it possible
for them to maintain the necessary level of awareness for
effective coordination of their task activities across different
locations. Other than Group-3, we also found that the teams
with smaller size possessed higher level of team awareness as
compared to the larger teams (see Table VII).

3) Team type: Team type is another impediment in achiev-
ing a higher level of team awareness. Research shows that the
agile teams spend a major portion of their working hours in
discussions and learning about each others work activities and
resolving problems [47]. It supports them to develop a common
vision about the project and align their activities with the other
team members. Consequently it helps to achieve the shared
goal more effectively by maintaining the task awareness and
presence awareness.

Group-1 was expected to have a very high level of team
awareness for both within and across the teams. Our findings
revealed that the Group-1 did not meet the required level of
team awareness and this effect was stronger for cross-site
teams. We found that Group-1 (for both within and across the
teams) was composed of the teams, which were mostly not
agile (i.e. 3 out of 4). It caused the level of task and presence
awareness to get low which resulted in the lower level of team
awareness.

As discussed earlier, Group-3 (for both within and across
the teams) was composed of the small teams working from
the same time zone but dispersed locations. Due to the smaller
team size and greater experience, members of the teams in this
group were well aware of each other. Although the teams in
that group were not declared agile teams but they were follow-
ing the same practices by having an informal discussion each
morning. As a result, we found a comparatively better level
of team awareness in Group-3 teams despite their physical
distribution across different geographical locations.

4) Interaction: Another reason for the low level of team
awareness was the lack of interaction between the cross-site
teams. We derived that the teams which maintained a high
level of communication between them, demonstrated a higher
level of team awareness. This finding also complements the
fact about the importance of interaction between the dispersed
teams [7].

We found that the teams with higher level of communica-
tion were usually either agile or smaller in size. Furthermore,
we also found that the members of such teams were compar-
atively more experienced. So consistent with prior research,
our findings also propose that the teams which are smaller in
size or agile [47], [48] and also composed of experienced team
members [22] are more likely to have a higher level of team
awareness.

V. DISCUSSION

Our study presents the level of team awareness between
the teams of varying distance. Related literature suggests that
GSD teams face a wide variety of coordination problems as
the temporal, socio-cultural and geographic distance increases
between them [2], [3], [43]. Such distances also cause the
lack of awareness between the teams as people at distant sites
share less context and common grounds [10]. Moreover, as
the distance grows it augment the problems faced by software
development teams by decreasing the awareness even further
[26], [27].

It motivated us to divide the distance into slabs of varying
sizes and study how it interacts with the awareness on each
slab. In order to validate this phenomenon, we tested it on a
spectrum of distance (ranging from collocated teams to the
teams which are distributed across different time zones and
geographical boundaries) to find the gradual decrease with
increase in distance.

Our expectations were that within the team, awareness
remains similar for all the teams at all the places and it
decreases during cross-site collaboration. We developed these
expectations because teams at a single location do not have
the geographical and temporal distances. Further, even if
such teams are multi-cultural and people have different back-
grounds, they face very few problems because they sit in the
same place and they can easily sort the things out in a face-
to-face meeting. Therefore we developed our expectations that
within the team level of awareness will be similar for every
participating team. On the other hand, for the teams which
were collaborating at a distance, we were expecting to find a
gradual decrease in the level of awareness with the increase in
the distance between them.

Against the expectations regarding the relationship between
the distance and awareness, our findings revealed slightly
different results (See Table V and VI). We found that the team
awareness was not gradually decreasing with the increase of
distance and also within the team the level of awareness was
not similar for all the teams. We faced such change because
there were other factors like skilled employee, team size, team
type and frequent communication between the teams which
also played their roles.

Studies that claim the increase in coordination problems
and the lack of awareness due to increase in distance are also
justified because in-fact the coordination problems do increase
with distance. The reason why we did not obtain the expected
results is because of the other factors involved in it. These
factors, if adopted, positively affect the level of team awareness
by supporting the awareness at a distance. Therefore, even
teams at a greater distance were able to maintain the higher
level of team awareness than the teams closer in distance.
We found that the teams which retained the employees and
encouraged the formal and informal communication within the
team and across the team exhibited a higher level of team
awareness. We also found that a well-defined team structure
with optimal size and appropriate type is likely to lead to a
high level of team awareness both within the team and across
the team.

We suggest that the factors listed in Table-III can help
testing the level of awareness in a particular project. This



may help to recognize the areas in which the attention to
awareness is necessary by pointing out the deficiencies. Once
identified, the problem area can then be targeted and handled
more effectively.

VI. STUDY LIMITATIONS

Varying number of responses for each group is a limitation
of our study but we collected enough information through
responses which provided sufficient information to support our
arguments.

We had a constraint of survey length and duration due to
which we had to limit the factors of team awareness (see Table
III) to the more important ones only. This factor list can be
extended to cover a wider range of aspects of team awareness.
Further, we did not construct the factors for two elements of
workspace awareness (artifact and artifact history) due to the
privacy concern of the participating teams.

In order to ensure the reliability of our results we con-
structed the survey in three steps (step-1 acquire personal
information, step-2 within the team information and step-
3 cross-site team information) and semantically verified our
findings. We considered the personal information provided by
the participants about themselves as baseline information and
cross-checked it with what other participants told about each
member of the team. It gave us the confidence that the results
we obtained are correct.

We found that the results we obtained from the study
were slightly different from our expectations. We based our
assumption/expectations on the literature that the level of
awareness will decrease as distance grows. When we analyzed
the results then we found that the factors like experience, team
size, team type and the frequency of communication between
the pairs of participating teams were affecting the level of
awareness.

Furthermore, our findings can be generalized only for
the software development teams which are involved in the
development of a shared project from distributed locations.
But the factors we identified can be modified and used for
different studies accordingly. The study setup we defined is
equally beneficial for both a single team at a location or
the pair of GSD teams working across different time-zones
and geographical boundaries. Conceptually the study setup
we defined can be used for any team but the results of our
current study can only be considered valid for the software
development industry.

VII. CONCLUSION

In this study, we have explored the level of team awareness
between the teams on a varying distance. Several studies
have discussed the effect of the distance on coordination and
awareness in software development teams [12], [49] but the
cross-site awareness still seems immature. Further, no study
is found which has explored the level of the team awareness
using the task awareness and presence awareness on a varying
distance to explore the gradual effect of distance on the team
awareness.

We conducted this study in 26 teams (13 pairs of teams)
of 12 companies worldwide. We considered the pairs of

teams working jointly on a shared project and collaborating
to perform their task and team activities. These teams can be
collocated or geographically dispersed on a varying distance.
We divided all the pairs of teams into four groups based on
the distance (see Table I) between the teams.

In order to address our research questions, we found 34
factors (see Table III) from the literature using the guidelines
proposed by Gutwin and Greenberg [28]. We mapped these
factors on the questions like who is who, who knows what,
what is where and what is what etc. and studied the effect of
each factor in order to explore the level of team awareness.

The common perception is that distance is the main hin-
drance between the teams which reduces the team awareness.
But our findings showed that despite the distance between
the teams, the team-leads or the members who have frequent
interaction with their counterparts (within the team and across
the team) have a higher level of team awareness as compared
to the rest of the team. We found that agile teams exhibit
higher level of team awareness than rest of the team types. We
also noted that the teams also exhibit a higher level of team
awareness if they are smaller in size. Finally, we found that,
even at a distance, previous experience helps the employee to
acquire and maintain the awareness information.

In conclusion, we found that not only does the distance
affect the level of team awareness negatively but also there are
several factors like, the experience, team size, team type and
mutual communication, which could also contribute towards
the lower level of the team awareness (task awareness and
presence awareness). Although, collocated teams are consid-
ered as better than the distributed teams due to the geographic
distance but these factors can lower the level of awareness. If
these factors are not considered along with the distance then
the expected level of awareness will not be as assumed. There-
fore, based on our findings, we propose that distinguishing the
software projects only based on the distance is not sufficient.
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Follow instructions are provided to respondents before filling the survey forms. 

 

Survey Instructions: 

 

1. Two teams which are working together will participate in this survey study as a pair. 

a. Team 1: Name of your team 

b. Team 2: Name of the other team working with your team 

2. Survey will figure out the level of awareness between the teams 

3. Provide the information that you know at the moment without searching/consulting 

 

Important Terms to Know: 

 

1. The term “My team/Your team” will refer to the team you are currently working in. 

2. The term “Other team” will refer to the team which is working with your team. 

3. Y = Yes 

4. N = No 

5. IDK = I Don't Know 
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TABLE I. QUESTIONS FOR UNDERSTANDING TEAM AWARENESS (TASK AWARENESS AND PRESENCE AWARENESS)

Awareness Questions

Task – What do they know about the task domain?
Awareness – What do they know about the task structure?

– What steps are required to take to complete the task?
– What tools/materials are needed to complete the task?
– Where are the required resources placed/available?
– How to acquire the required resources to carry out the task?
– What is the current status of the task?
– What are the dependencies related to the task?
– Where does the expertise reside in the team?
– How much time is required? How much time is available?

Presence – Who is in the team?
Awareness – Where is he/she now?

– When is he/she available?
– Who is leaving the team?
– When is he/she leaving the team?
– Who is joining the team?
– When is he/she joining the team?
– Who is going on vacations?
– When are the holidays in the cross-site team?
– Who sits next to whom?

Notes: Task awareness is used from [43] and modified to study the awareness
between sites to understand effectiveness.

TABLE II. QUESTIONS TO EXPLORE THE EFFECTIVENESS

Element Questions

Distance – How does the distance affect the task understanding?
– How do the teams on a distance communicate?
– Which tools they use to collaborate on a distance?

Task Size – What is the size of the task (based on the lines of code)?
– Do the teams finish their tasks on time?
– What usually causes a delay in meeting the deadline?
– Are the tasks structurally complex (task dependency)?

Team Size – What is the size of the team (small, medium or large)?
– Do the teams have static size or it grows or shrinks?
– Do all the team members in one team sit at one place?
– For how long have the teams been working together?
– When does a team usually dissolve?
– Does the work of the team members depend on each other?

Team Type – What is the type of the team?
– How do the team members share their problem?
– How are the new members integrated in the team?
– How often is a formal meeting organized?

Notes: These questions are asked for both local and cross-site team.
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TABLE I. FACTORS USED TO MEASURE THE LEVEL OF TEAM AWARENESS

Questions Factors Used Explanation of the Factors Implication Awareness

Who is who?

Team members Knows the team members by their names. WT, CS TE
Team structure Knows the composition of the team. WT, CS TE
Roles Knows the role of each person in the team. WT, CS TE
Responsibilities Knows who is responsible for which work. WT, CS TE
Task dependency Knows who has a task dependency with his

task.
WT, CS TA

Leaving team Knows who is leaving the team in coming 3
weeks (permanently or going on a mission).

WT, CS PR

Joining team Knows who is joining the team in next one
week (new or coming back from a mission).

WT, CS PR

Going on vacations Knows who is going on vacation in next 6
weeks.

WT, CS PR

Who knows what?

Expertise Knows the expertise of the team members. WT, CS TE
Team size Knows the size of the team. WT, CS TE
Current task Knows the current task of the team members. WT, CS TA
Deadline of task Knows the deadline of the tasks in the team. WT, CS TA
Schedule Knows the current status regarding the sched-

ule.
WT, CS TA

Task nature Knows the nature and complexity of the task. WT, CS TA
Facing problem Knows who is facing a problem (technical,

development or dependency) regarding the
task.

WT, CS TA

Problem solving Knows who can solve the problem (technical,
development or dependency) regarding the
task.

WT, CS TA

Current similar task Knows who is currently working on the same
or a similar task.

WT, CS TA

Previous similar task Knows who has previously worked on the
same or a similar task.

WT, CS TA

Dependent tasks Knows which task has a dependency with his
task.

WT, CS TA

Requirements Knows about the requirement change pro-
cess.

WT, CS TA

Task importance Knows the severity of the tasks in the team. WT, CS TA
Task understanding Knows the level of understanding about the

tasks in the team.
WT, CS TA

Distance Geographical distance between the teams. CS PR

What is where?

Supporting documents or
work manuals

Knows where the task guidance manuals are
placed in the shared space.

WT, CS PR

Presence in office Knows the momentary presence of the team
members.

WT, CS PR

Location in office Knows the sitting location in the office. WT, CS PR
Sitting beside Knows who sits with whom in the team. WT, CS PR
Teams location Knows the other teams location. CS PR
Seating topology Knows the seating arrangement/topology in

the team.
CS PR

What is what?

Team type Knows the team type. WT, CS TE
Communication Knows the level of communication. WT, CS TE
Mutual understanding Knows the level of mutual understanding. WT, CS TE
Time zone Knows the time-zone difference. CS PR
Coming holiday in dif-
ferent time zone country

Knows the situation (holidays duration and
availability of people during that).

CS PR

Notes: Implication: WT (Within the team) and CS (Cross-site)
Awareness Type: TA (Task Awareness Factor), PR (Presence Awareness Factor) and TE (Team Awareness Factor)


