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ABSTRACT

Context: Distributed software development has become a most desired way of software development.
Application of agile development methodologies in distributed environments has taken a new trend in developing
software due to its benefits of improved communication and collaboration. Teamwork is an important concept
that agile methodologies facilitate and is one of the potential determinants of team performance which was not
focused in distributed agile software development.

Objectives: This research shed a light on the topic of teamwork in the context of distributed agile software
development. The objectives are to identify the factors contributing teamwork of distributed agile teams along
with the dependencies between the factors. And, as it is not without challenges to work with unity in a
heterogeneous environment, identification of challenges related to teamwork factors of distributed agile teams
along with the mitigation strategies is an another objective.

Methods: A systematic literature review (SLR) was employed to identify the teamwork factors along with their
dependencies and corresponding challenges and mitigation strategies of each teamwork factor from state-of-the-
art literature. Quasi-gold standard method was employed as search strategy in SLR to find out the primary studies
representing the objective under investigation. Further a survey was conducted with industrial practitioners
working in distributed agile projects to validate the findings from state-of-the-art literature.

Results: A total of 13 teamwork factors (i.e. team orientation, shared leadership, mutual performance
monitoring, backup behavior, feedback, team autonomy, team learning, coordination, communication, trust,
collective culture, ease of use of technology, team familiarity), a set of nine dependencies between the teamwork
factors and 45 challenges and 41 mitigation strategies related to the teamwork factors were identified from state-
of-the-art literature. From survey result, communication, coordination, trust and team orientation were identified
as four most important teamwork factors for distributed agile teams. Out of nine dependencies, seven were
supported and two were not supported by the practitioners of distributed agile projects. Additionally, nine
challenges and 12 mitigation strategies were identified through survey.

Conclusions: From this study, we conclude that communication is the top most important factor for successful
teamwork of distributed agile teams. And, unlike its prime importance in distributed software development for
getting teams work together, trust was identified with a third priority for successful teamwork of distributed agile
teams. Similar to the findings of the agile teams, team autonomy was identified with least importance towards the
successful teamwork of distributed agile teams. Results of dependencies show that there is need for future
research to explore all the dependencies between the teamwork factors. Furthermore, there are teamwork factors
with no challenges and mitigation strategies being identified in state-of-the-art literature but later, through survey
it was found that practitioners are facing the challenges for that particular teamwork factor. Though, this study
identified those missed challenges, due to the limited number of participants involved in the survey, we cannot
conclude that these were the only challenges faced in relation to the teamwork. Hence, there is a need to have a
dedicated investigation in exploring all the challenges and mitigation strategies, such that it would help the
distributed agile teams in attaining the fruitful interactions between them.

Keywords: Teamwork, distributed agile software development,
challenges, mitigation strategies, dependencies, systematic literature
review, Quasi-gold standard.
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1. Introduction

Human effort is a fundamental and critical concern for success/failure of the software development [1]. Execution of the
tasks in software development is primarily dependent on the human effort. If the task is small enough and manageable by
a single individual then it would be needless for him/her to work as a part of team for accomplishing a given goal.
However, as the scope of the task increases, a sole individual cannot perform the task thereby, calls the need for a team,
where a group of individuals work together to accomplish the task [2] [3]. Every software development completes its
tasks with the help of the teams.

Generally, in software development, the tasks are designed interdependently where team members handling those tasks
should work interdependently on each other [4]. Subsequently, as the task interdependency increases the need for
coordination among the team members would increase. Furthermore, depending up on the complexity of the goal, the
complexity of its underlying tasks will increase exponentially and calls out for a tight coordination among the team
members to work collectively and interact productively, which is attained through ‘teamwork’.

“Teamwork is the collective behaviours of team members that engender sharing of information and coordination of
activities” [5]. Importance of these collective behaviours will reflect the individual performance that will in-turn reflect
the team performance and further this team performance reflects the organization performance [6, 7]. This shows the
need of teamwork for improvement of organization performance [8]. Teamwork is also presented as willingness to join
with and work with others as a team [9]. According to Salas et al. [4] teams need the teamwork skills apart from
individual skills and organizational support. Teamwork enhances quality, creativity and productivity of the teams [10].

The concept of teamwork is familiar in the areas of psychology, cognitive science, organization science, artificial
intelligence, concurrent engineering and business management [11]. Much of the research on teamwork is within human
factors and ergonomics research area [2, 4, 5, 12, 13]. Though the study of teamwork is a familiar research area, in
general, in social sciences [4], it has been recently having recognition in the field of software engineering [14].

Teamwork has a prime importance in agile software development (ASD) because this type of development mainly relies
on human interactions. The teams involved in ASD are referred to agile teams. Apart from this type of development,
Distributed Software Development (DSD) or Global Software Development (GSD) or Global Software Engineering
(GSE) is a pervasive concept that software industry believes in. It involves developing software with the help of suitable
resources that are available across the globe for a desired outcome. Teams involved in this type of development are
characterized by boundary spanning and temporal differences [15] and are often referred to global software teams or
virtual teams.

Recently, there has been a trend to use agile methodologies in distributed software development context to capitalize the
benefits of improved communication and collaboration. Moreover, an agile development survey conducted by
Versionone revealed that 77% of the software projects are using agile methods in their outsourced environments and 17%
are planning to combine agile with outsourced development [16]. The development that combines both the agile and
distributed is called as Distributed Agile Software Development (DASD) or agile GSE and teams that are involved in this
type of development are generally referred to global agile teams or distributed agile teams which are characterized by
both agility and virtualness [15].

The nature of agile software development and distributed software development is quite opposite along the line. Agile
development demands intense collaboration and communication where team members should interact face-to-face on
daily basis [17]. On the contrary, in distributed software development team members are leveraged across different
locations and maintain the team interactions with the help of communication and collaboration tools, where face-to-face
interaction is utmost an impractical thing. Holding these two distinct natures, DASD or distributed agile teams place
themselves at the midpoint along the line, i.e. developing the software with team members across the globe and at the
same time do not compromises with the need of intense communication and collaboration. This makes a distinction
between distributed agile team and other type of teams.

There are number of studies [7, 18-20] that focused on the components/factors of teamwork of agile teams, like team
orientation, shared leadership and coordination, for improved team effectiveness and team performance [14]. On the
other hand, there are studies [21] [22] [23] that focused on building teamwork models that improve the effectiveness and
performance of virtual teams/global teams. But there is a no consensus on what components/factors constitute teamwork
of distributed agile teams [24].



Though the concept of teamwork has been a study of investigation across agile teams and global teams, due to the
distinct nature of team dynamics in distributed agile software development from other disciplines [25] there is an need to
update teamwork in the context of distributed agile software development and identify the factors that constitute
teamwork of distributed agile teams.

It is not without challenges to work with unity in a heterogeneous environment. Challenges in combining both agile
software development and distributed software development are numerous, for example, “communication need vs.
communication impedance, fixed vs. evolved quality requirements, people vs. process oriented control, formal vs.
informal agreement, lack of team cohesion” [26]. Though several challenges are studied in the literature, there is a dearth
of empirical evidence on which of them are actually related to teamwork, to be more concrete which of them impede
teamwork. Moreover, challenges that occurred while blending both the approaches (agile and distributed) are more
related to soft factors rather than the technology ones (hard factors), if these are not addressed that could further worse
the situation [27]. Thereby, there is need to explore the strategies that can mitigate the challenges that arise when
distributed agile teams work together.

Therefore, having this motivation for the problem, the objectives of this thesis are to investigate factors® that constitute
teamwork of distributed agile teams along with the dependencies between the factors, challenges that distributed agile
teams face in relation to the teamwork factors and possible strategies that can be used to mitigate them. Put succinctly,
this study presents the consolidated view of teamwork in the context of distributed agile software development collected
from state-of-the-art literature and state-of-practice.

The main contributions of this thesis are: a list of teamwork factors of distributed agile teams identified from literature
and validated empirically using survey (refer section 4.3.2 and 5.10.1 respectively), dependencies between teamwork
factors of distributed agile teams identified from literature and validated empirically using survey (refer section 4.3.3 and
section 5.10.2 respectively), challenges and mitigation strategies of the teamwork factors identified from literature and
validated empirically using survey (refer section 4.3.4, section 4.3.5, section 5.10.3 respectively). On whole this research
presents a consolidated view of teamwork in distributed agile software development, which can be useful for the
practitioners in finding out the most important teamwork factors, challenges and mitigation strategies for establishing
teamwork.

Rest of the thesis is lineup with the following sections: 1. Background — here, the concept of teams, teamwork are
presented in brief along with the introduction to agile software development, distributed software development and
distributed agile software development. 2. Related work — here, the previous research in relation to the topic under
investigation is presented and a clear motivation for the research gap is provided. 3. Research design and execution — in
this section the research design in achieving the objectives is presented which includes the description of aims,
objectives, the research questions along with execution of SLR, validity threats and its respective results. 4. Survey —
here, the survey design along with its threats and results are presented. 5. Discussion — here, comparison of the SLR
results with the survey results is presented along with the interesting observations that were made through the aid of
comparison. Finally, the summary section presents the revisiting of the research questions along with the possible future
directions of this research.

1 . .
In this thesis, the word ‘factor’ also denotes components.
2
Search is performed on 7" April, 2012.



2. Background

In this section, we present the concept of team, teamwork, agile development methodologies, distributed software
development and distributed agile software development. As the concept of teamwork has its root in social sciences, we
discuss teamwork as presented in social sciences to get more understanding on teamwork in distributed agile software
development.

2.1. Teams and Teamwork

A team is defined as “a small number of people with complementary skills who are committed to a common purpose, set
of performance goals, and approach for which they hold themselves mutually accountable” [28]. According to Cohen
and Bailey [29], there are four types of teams in organizations settings, namely, work teams, parallel teams, project
teams, and project management teams. Work teams refers to members responsible for developing the products/ providing
the services, generally these type of teams are directed by a supervisor or a team leader, who makes critical decisions
about the work under progress. Parallel teams refers to people from multifarious positions/work units pulled together to
perform functions that the regular organization is unable to handle, these types of teams are used for problem-solving and
improvement activities. Project teams are characterized by time-limit, used to produce one-time output. These types of
team include members from different disciplines and functional units in order to execute specialized activities of project
at hand. Finally, management teams are the ones that “coordinate and provide direction to the sub-units of their
jurisdiction” [29], these types of team are responsible for the overall performance of a project. Generally, software teams
are viewed as work teams.

Almost every type of team undergoes a specific life cycle, which consists of four phases, namely, forming, storming,
norming and performing [30]. At forming phase, all the team members get together and become aware of each other’s
interpersonal and task behavior boundaries. At storming phase, team breaks out the conflict about the roles, objectives
and requirements of the tasks. At norming phase, “a sense of group develops, roles are accepted, and standards of
behavior evolve” [30]. Here, group members express their ideas and opinions openly. Finally, at performing phase, the
team starts to perform the tasks constructively. Agile team also undergoes through this four-staged life cycle [31]. In
addition to these four stages, a fifth stage called adjourning is also proposed in literature, which is not widely recognized,
where the team will breakup once the purpose was accomplished [30].

For any organizations involving human effort, team is a basic foundational unit of performance. The characteristics of a
high performance teams are, strong commitment for one other’s growth, ambitious performance goals, fuller mutual
accountability, complementary skills, and mutual trust [32]. The performance of team can be measured in an subjective
and objective ways [33]. Examples of subjective measures are team effectiveness, system viability, and professional
growth, and objective measures are function points, time variance, cost variance and complexity metrics [32]. Apart from
this, communication, interpersonal relationships, team member participation, team member commitment and outcomes
impact the team performance [34]. However, it should be noted that team performance is not solely dependent on team
itself i.e. how their work is managed and executed, but also depends on other contexts like, organizational management,
technologies used and practices followed [7, 14].

There is an important difference between team performance and team effectiveness. Team performance refers to outcome
of the team members’ actions regardless of how the team may have accomplished the task. On the contrary, team
effectiveness refers to how the team members interacted (i.e. team process and teamwork) in achieving the goal with
addition to whether team has performed the task or not [4]. Understanding the concept of team process facilitates better
understanding of teamwork [14]. Team process is about how the team inputs (member, team and organizational
characteristics) are transformed in to outputs (by-products of team activities) and tend to bring all the behavioral and
cognitive phenomenon existing within the teams [13].

Teamwork is a set of behaviors among the individuals of the team and it is the basic element of software development.
Effectiveness of individual behaviors reflect individual performances, which will in-turn impact the team performance
thereby effecting the organization performance [7, 14]. Hence, it is ideal to focus on the performance of individuals in
order to improve the team performance [35]. However, as mentioned earlier teamwork does not solely constitute towards
team performance, it is one of the potential determinants of team performance.

Apart from teamwork, there is a need to know about taskwork and how it is different from teamwork. Teams should
work collaboratively in order to accomplish a task, especially when a task is too large or too complex for an individual to
complete [3]. Taskwork relates to the team members interaction with the tools, techniques, and tasks which are
traditionally related to task performance [5, 12]. Where, teamwork refers to “interpersonal interactions among team
members that are necessary for exchange of information, developing and maintaining communication patterns” [5, 12].



The key difference between these two are, the former refers to what teams are doing, and the latter refers to how teams
are doing [5]. Team members should be able to balance between these two [5]. However this will be a challenge when
finite resources (people) are available. In this thesis, we investigate teamwork as it is the main focus our research.

These taskwork and teamwork behaviors can also be differentiated across time, at conception stage of the project/product
development teamwork behaviours place a prominent role in order to get the team members to work together who are
having little/no familiarity with each other. And, at the later stages of the development as team members know how to
work effectively and coordinate, they mainly focus on the taskwork skills [5].

2.2. Agile software development

Teamwork is an important aspect of agile software development (ASD) [36] and also a critical one [19]. ASD paves a
path towards increased software quality, improved teamwork and team communication [14]. Agile teams are
autonomous/independent teams defined as “Autonomous work groups comprising employees who typically perform
highly related or interdependent jobs, who are identified and identifiable as a social unit in an organization, and who are
given significant authority and responsibility for many aspects of their work, such as planning, scheduling, assigning
tasks to members, and making decisions with economic consequences” [37]. Unlike in traditional plan-based approach
where work is coordinated in a hierarchal fashion, teams following agile practices will decide how the work should be
coordinated [7]. The key advantages of these teams are: ability to deliver software iteratively on time, increase the
quality, improve the team feeling and increased team communication [18].

Mainly, agile teams are considered to be successful as they rely on face-to-face interaction to cultivate teamwork and
build trust. Agile teams are characterized as successful mainly through its principles. The 12 principles of agile manifesto
are driven by four values [38]:

= Individuals and interactions over process and tools
= Working software over comprehensive documentation
= Customer collaboration over contract negotiation

=> Responding to change over following a plan

One can observe from these values that team interactions are considered more valuable than the process and tools. The
first value refers that human role should be reflected in contracts rather than defined process and development tools [17].
The second value refers for software team the main objective should be to deliver the working software at frequent
intervals. The third value refers relationship between clients and the developers should be given importance over strict
contracts. The final fourth value refers the participants in the team should be prepared to make changes during the
development life cycle.

Several agile methodologies have been introduced which adheres to the above mentioned values. Agile methods have
potential to improve communication and reduce coordination and control problems in software projects [39]. These agile
methods are opposite in nature with respect to traditional or plan based approaches where the main emphasizes is on
planning everything upfront, whereas agile methods mainly emphasizes on adaptability to change, people,
communication, iterative and incremental development.

The range of agile development methods include, Extreme Programming (XP), Scrum, Crystal family methodologies,
Feature Driven Development, Rational Unified Process, Dynamic System Development, Adaptive Software
Development(ASD) and Open Source Software development [17], all these methods are aiming towards lighter
development process rather than heavier development process (like, waterfall and spiral model) by accepting more
responsiveness to the change [40]. Among these methods, mostly used development methods are Scrum and XP [41, 42].
Moreover, according to the recent annual survey conducted by VersionOne [16] on agile development with 6,042
respondents, it is evident that 52% of the projects following agile are using Scrum development methodology, followed
to this 14% of the projects are using the blend of Scrum and XP. Scrum and XP methods are used to facilitate the
benefits like frequent changes, faster development and user satisfaction [40]. Scrum is mainly known for its project
management practices while XP is known for its development practices [43].

Among all the agile methods, XP methodology has the highest congruence with the agile manifesto [44]. XP aims to
address the specific needs of software development by using small teams and changing requirements, which are hard to
handle by traditional development methods. XP was proposed to develop high quality software through its key values
and practices [45]. The four values of XP are communication, simplicity, feedback and courage and 12 practices are
planning game, small releases, metaphor, testing, simple design, refactoring, pair programming, collective ownership,



continuous integration, 40-hours week, onsite customer, coding standards. The life cycle process includes five phases,
namely, exploration phase, planning phase, iteration to release phase, productionizing phase, and maintenance and death
phase [45]. The roles included in XP method are, programmer, customer, tester, tracker, coach, consultant and manager.

Scrum is mainly used for managing software development projects and organizing team and getting work done
productively with high quality [46]. It include eight practices, namely, product backlog, effort estimation, sprint, sprint
planning meeting, sprint review meeting, daily scrum meetings, and sprint retrospective meeting [46]. Unlike XP, Scrum
process goes through three, namely, pregame phase, development phase and postgame phase. The roles includes are,
Scrum master, product owner, Scrum team, customer and management.

2.3. Global software development

Global Software Development (GSE) or Distributed Software Development (DSD) can be defined as “software
development with the help of team situated at different geographical location either closer proximity or globally” [47]. It
has become an imperative thing for organizations to work in global settings due to its alluring benefits, like, reduction in
cost and time of development, reduced time to market, access to large skilled labor pool, leveraging time zone
effectiveness, innovation and shared best practices [48, 49]. Teams working under this setting are termed as global
software teams, which can be defined as, “team whose members on a common software project while working across
geographical, temporal, cultural and regional boundaries to accomplish an interdependent task”. This type of team is
also called as virtual team [21] [50]. Effectiveness of virtual teams can be measured by performance and satisfaction of
team, effective teams should produce higher quality output in terms of satisfaction and gratification [51].

Virtual or global teamwork is different from face-to-face teamwork, and team members interaction is difficult due to the
geographical, temporal and socio-cultural differences [52]. When teams go distributed, they face challenges of
communication: due to the impersonal communication, control: due to lack of direct supervision of the team members
working at the other end of the line at different time, and coordination: due to cultural differences, lack of face-to-face
interactions. It is through using effective communication tools and technologies global teams facilitate most of the team
interactions. However, distributed teams cannot depend on the computer mediated communications and expect teamwork
to be facilitated. Because “teamwork is an social activity, and communication technologies cannot create a virtual team”
[9]. When teams going virtual/distributed/global social activities should also be considered and expect that this will occur
through technologies, but not limited to technologies. If team has the capacity to make acceptable social interactions then
technology support can be reduced [9]. Hence, teamwork for virtual teams should be contributed by both social activity
and technologies.

2.4. Distributed agile software development

Distributed agile development is blending of agile development methods in distributed software development, which has
taken a current trend for software development [24]. Benefits for combining these two are, increased collaboration and
communication, access to talented work forces, transfer of knowledge and resource, reduced time-to-market pressures,
higher-quality software, rapid innovations, and increased productivity [53]. The two reasons for using agile methods in
GSE and not plan-driven methods are: 1. same benefits can be preserved that of GSE, i.e. ability to cope up with
changing requirements and uncertainty that are not possible with plan-driven approaches and 2. they are mainly helpful
to reduce the negative influences in GSE, i.e. communication, coordination and control [54]. Apart from these benefits,
combination of Agile with GSE is a challenging task, because the former (agile) demands everyday face-to-face
communication, co-located environment, and close customer interaction, while, the latter (GSE) means development in
geographically distributed locations with lesser face-to-face communication and customer interaction. The challenges
associated with this combination are related to communication, cultural and time zone differences, trust and knowledge
management [55]. Generally distributed agile literature has presented the challenges related to “communication need vs.
communication impedance, fixed vs. evolving quality requirements, people vs. process oriented control, formal vs.
informal agreement and importantly lack of team cohesion” [26]. Although the combination of Agile with GSE seems
incompatible, studies in the literature [56, 57] have shown that Agile and GSE can work together harmoniously.

Scrum and XP methods are successfully used in distributed projects [40] [58] . Scrum practices in distributed
environment helps to overcome the cultural barriers and disparities in working styles [59]. According to [60] and [58],
effective distributed extreme programming practices are planning game, continuous integration, and on-site customer,
While, distributed Scrum practices are daily Scrum, weekly Scrum of Scrums, sprints, sprint planning meetings, sprint
demo, retrospective meeting, and backlogs [40] [58].



3. Related work

The following summarizes the previous research work conducted in relation to the topic.

Research on teamwork is attracted from many disciplines [2, 13, 61, 62]. Dickinson et al. in [35] have proposed a
conceptual model of teamwork consisting of seven components namely; communication, team orientation, team
leadership, monitoring, feedback, backup and coordination. In their research, measurement items for each of these
components are presented through critical incidents methodology, where authors have defined the measurement items for
each component by observing the behaviours of the individuals. Apart from this framework, Salas et al. in [4] based on a
literature review of different teamwork models, proposed the five components of teamwork, which are termed as ‘big
five in teamwork’, team leadership, mutual performance monitoring, backup behavior, adaptability and team orientation,
along with three coordinating mechanisms; shared mental models, closed loop communication and trust. Beside this,
Rousseau et al. in [13] also reviewed the different frameworks of teamwork behaviors in the literature of work teams and
integrated them in to an hierarchical conceptual structure. Further they framed the hierarchical structure from the
perspective of timing of teamwork behaviors.

Building on the teamwork models of Dickinson et al. [35] and Salas et al. [4], multiple studies have been conducted in
agile software community to investigate the nature of agile teams. Moe et al. in [7], investigated the nature of self-
managing agile teams with the help of Dickinson’s teamwork model, by conducting a case-study in a software
development company that uses Scrum. Their results conclude that specialized skills of team members and
corresponding division of work were the main barriers for effective teamwork, further they suggested trust and shared
mental models should be considered for agile teams apart from the seven components of Dickinson’s model.

Moe and Dingsoyr [18], with the help of case study, investigated the extent to which Scrum development methodology
supported the ‘big five’ model of Salas et. al [4], and concluded that team leadership is not addressed properly by Scrum
team because of the reason they are self-organizing in nature, where leadership should be transferred among team
members rather than centralized to one key member.

Moe et al. in [19], developed an instrument for assessing and improving teamwork in agile software development teams.
The instrument contains a series of open ended questions for five dimensions of teamwork namely: shared leadership,
team orientation, redundancy, learning and autonomy. Though these five dimensions look similar with the teamwork
models of Salas [4] and Dickinson [35], they are basically proposed to reflect the nature of agile software teams. The
instrument is further validated with industry people through a case study, from which authors have concluded that the
five dimensions are playing an important role in agile teamwork. Using this qualitative instrument of open ended
questions as basis, Stettina and Heijstek in [20] developed a survey tool containing a quantitative questionnaire (closed
ended questions) that reflect the effectiveness of self-managing agile teams.

Ringstad et al. in [63], investigated on improving the teamwork in agile software development teams through an action
research, that involved diagnosis and action planning phases. The authors have used the above mentioned five
dimensions (of Moe et al. [19]) as a team radar instrument to diagnose the teamwork. Further at action planning phase,
with the results from diagnosis, authors have discussed the problems regarding each of the dimension with all the team
members and developed a set of actions to improve the teamwork of agile software teams.

Asproni in [64], presented the basic characteristics of agile development methods that create effective teamwork, they
are, a clear elevating goal, a results-driven structure, competent team members, unified commitment, a collaborative
climate, standards of excellence, external support and recognition, and principled leadership.

Beside the studies on teamwork in agile teams, research has been conducted on teamwork in virtual/global teams.
Nunamaker et al. in [23] presented nine principles for effective virtual teamwork. Maznevski and Chudoba in [21],
through a longitudinal case study, developed a theory of global virtual team dynamics and effectiveness, they proposed
that effectiveness of global virtual teams depends on the function of appropriate interaction incidents among team
members and occurrence of these incidents in an temporal rhythm. Gibson and Cohen in [22] presented their work on
creating effective virtual teamwork through their research framework that consists of set of design factors (context, group
structure, technology, people and process), enabling conditions (shared understandings, Integration and mutual trust) and
outcomes (human outcomes and business outcomes).

Apart from this, a recent study from distributed agile literature has investigated on the team dynamics of distributed agile
teams [65], where authors with the help of grounded theory and interviews presented six team dynamics (i.e. one team
mindset, personal touch, open communication, team collocation, team ambassadors, coach travels) as a strategies to
promote team interactions of distributed agile teams.



By looking at the recent literature one can find a multiple studies that have investigated challenges and mitigations
strategies in agile software development, global software development and distributed agile software development
respectively.

Stray et al. in [14] conducted multiple case studies to identify the challenges for teamwork in agile teams. They have
identified the challenges related to communication, team learning and task selection according to the priority list and
provided suggestion to overcome these challenges for successful teamwork in agile teams.

Jabangwe and Nurdiani in [66], through a systematic literature review identified the challenges and mitigation strategies
in global software development, that are further empirically validated with a survey. A checklist was developed from the
identified challenges and mitigation that are incorporated into a risk management process. Acharya and Aslam in [67],
through an systematic literature review identified the challenges and associated threats to coordination in global software
development along with the mitigation practices, further an industrial survey was conducted to validate and identify the
new challenges and mitigations.

Benefits and challenges of applying agile practices in offshore software development are identified in [68]. Early
problem identification, project visibility, early client feedback and customer satisfaction are some of the benefits
reported, while most common challenges identified are lack of linguistic skills, cultural differences and temporal
differences. Maruping in [69] through an case study of large-scale software development project presented the challenges
and strategies while using extreme programming practices in global software development, the author further presented
the different ways (spatial, temporal and configurational) of dispersing the distributed teams.

Kajko-Mattsson et al. in [70] through analyzing twelve case studies from existing literature of distributed agile, identified
thirteen problems/challenges and their solutions, that are further divided into six classes of problems, namely culture,
time zone, communication, customer collaboration, trust, training and technical issues respectively. Emam Hossain et al.
in [43], through a systematic literature review, presented a conceptual framework of risks that restrict the use of scrum
practices in globally distributed software development and the corresponding strategies to mitigate the risks. The
identified risks are related to project contextual factors.

Sureshchandra and Shrinivasavadhani in [71] presents the four stage model (evaluation, inception, transition and steady
state) for smooth transition from collocated agile to distributed agile development and further validated the model with in
project with the help of a case study, from which authors conclude that distributed agile projects has experienced
increased productivity when compare to distributed projetcs. Phalnikar et al. in [72] presents benefits of using agile
practices in distributed software development and proposes two team structures namely; partial offshoring and complete
offshoring for implementing agile process in distributed environment. Holmstorm et al. in [73] investigates on the agile
methods that can reduce the coordination, communication and control problems in GSD and concludes that XP and
Scrum practices, like, pair programming, simple design, refactoring and coding standard are useful for reducing
communication, coordination and control problems in GSD.

The aim of this study is different from above mentioned studies in the certain important ways:

First, the focus of this study is to identify the factors that constitute teamwork in distributed agile teams by means of a
systematic literature review. Many previous studies [7], [19] and [63] that investigated teamwork in agile teams are
focused on collocated agile teams but not on distributed agile teams that possess different characteristics of boundary
spanning and temporal difference. Moreover, studies [23], [21] and [22] that investigated effectiveness of virtual teams
did not considered the agility dimensions of teams and these studies did not build up on teamwork models proposed by
Salas et al. and Dickinson et al. in their investigating the teamwork.

Second, though studies [66] and [67] have identified the challenges and mitigations using a systematic literature review
their main emphasis was on global software development rather than distributed agile software development. Further,
studies [68], [69] and [70] that presented challenges and mitigations in distributed agile software development were
solely based on case-studies, Kajko-Mattsson et al. also motivated that more number of challenges should be updated
along with their results as they are solely dependent on a situations from case studies. Though study [43] has presented
risks and mitigation strategies for using scrum practices in global software development they are more concentrated on
challenges that arises while implementing scrum practices and related to project contextual factors only and does not
considered any other agile practices. Moreover, all these studies have investigated challenges and mitigations in a general
related to distributed agile projects, rather than specific to teamwork of distributed agile teams and challenges identified
by Kajko-Mattsson et al. and Emam Hossain et al. were based on literature findings, they have not validated their results
empirically.



Given this related work, we argue that to the best of our knowledge no study has conducted a systematic literature review
and survey to investigate teamwork, corresponding challenges and mitigation strategies in the context of distributed agile
software development. Further, Hanssen et al. in [24] also included that there is missing focus of teamwork in distributed
agile teams, which supports our research. Moreover, as mentioned earlier in introduction that due to the distinct nature of
agile software development and distributed software development, it is important to study the concept of teamwork in
distributed agile software development.



4. Research design and execution

This section presents aims and objectives of the thesis, along with the research questions that are formulated to achieve
the aim and research methods that are used to answer the research questions.

Primary aim of the thesis is to present a consolidated view of teamwork factors, corresponding challenges and possible
mitigation strategies for improving performance of distributed agile teams.

The following are the objectives in a constructive way to achieve the aim:

e Identify factors that enhance teamwork of distributed agile teams from state-of-the-art literature.

Identify dependencies among teamwork factors.

Identify challenges related to teamwork factors from state-of-the-art literature.

Identify mitigation strategies related to teamwork factors from state-of-the-art literature.

Validate the identified teamwork factors, their dependencies, challenges and mitigation strategies with the help

of practitioners.

e Present a consolidated list of teamwork factors, corresponding challenges and mitigation strategies by
comparing similarities and differences between results obtained from state-of-the-art literature and state-of-
practice.

Following research questions are formulated to achieve the aim and objectives.

RQ 1: What is reported in state-of-the-art literature regarding various factors that enhance teamwork of distributed teams
while using Scrum and XP agile practices?

RQ 1.1: What dependencies exist among the identified teamwork factors?

RQ 2: What are the challenges and mitigation strategies available in state-of-the-art literature related to teamwork factors
identified through RQ 1?

RQ 3: Which teamwork factors and their dependencies identified through RQ1, challenges and mitigation strategies
identified through RQ 2 are confirmed in state-of-practice?

RQ 4: What are the similarities and differences between the results obtained from state-of-the-art literature and state-of-
practice?

From RQ 1, it is clear that this research will focus on distributed teamwork (TW) factors related to Scrum and XP agile
practices. The motivation behind selection of these two approaches is that, they are widely used agile practices in the
current distributed settings [16, 58]. This will further preserve the scope of this research to definite.

4.1. Research methodology

Figure 1 shows the detailed steps that are performed to answer the above research questions. To investigate RQ1 and
RQ2, a Systematic Literature Review (SLR) was conducted. Additionally, snowball sampling was also used to minimize
the threat of missing relevant studies.

The SLR was conducted to identify the teamwork factors in agile software context and global software context
individually and the identified factors were analyzed against the global agile team configuration [74] to present the TW
factors in distributed (global) agile software development context; this presents the answer to RQ 1. Possible
dependencies among the TW factors were inferred from the available literature which presents answer to RQ 1.1.
Subsequently, possible challenges and mitigation strategies related to TW factors were identified from the literature and
grounded theory approach was used for data analysis; this presents the answer to RQ2. Answers to RQ 1, RQ 1.1 and RQ
2 were provided as an input for answering RQ 3, where a survey with industry practitioners was conducted to validate the
teamwork factors along with their dependencies, challenges and mitigation strategies. This process fulfills the overall aim
of this thesis; i.e. to present the consolidate view of teamwork factors, corresponding challenges and mitigation
strategies. Before proceeding to SLR execution we provide the motivation for selecting SLR over other research methods
and present overview of grounded theory including rationale for its selection.
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Figure 1- Research design
Rationale for selecting SLR

Though other research methods like, systematic mapping, literature reviews and tertiary reviews are available for

aggregating the evidence, we have selected SLR for the following reasons.

Systematic mapping is suitable when research topic under investigation is broad and immature (poorly defined) [86],
research questions (RQ 1 and 2) defined in our thesis were narrow, i.e. to identify the teamwork factors, their
dependencies, challenges and mitigation strategies of teamwork factors, which shows that systematic mapping does not
allow to answer the research questions. Literature reviews cannot be preferred to answer the research questions as it does
not allow identifying the studies in a scientific manner which will lead to larger extent of selection bias. Further as there
was no SLR conducted on our research topic, which we aware from a literature review which was conducted while
writing the proposal, tertiary review is not possible for our study. Therefore to aggregate evidence for the defined

research questions we have selected Systematic Literature Review.
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Grounded theory

“Analysis is interplay between the researcher and data” [75], which holds true for grounded theory (GT) approach. GT
approach is discovered in 1960 by Barney Glaser and Anselm Strauss while doing research on why people are dying in
hospitals [75-77]. Grounded theory is a systematic collection and analysis of qualitative data [78], its main intent is to
discover theory from data through constant comparative method of analysis [75, 77, 79, 80]. Most of the researchers use
GT approach for data management rather than as a method of inquiry [80]. The key motivation for using GT approach
for our analysis is that it is useful to study the people factors in the software development and how they deal with the
circumstances they face [80]. Due to its inherent nature of supporting human interactions, we prefer to use GT approach
as a method for analysis. Additionally many studies have been using GT approach for research on agile teams [78, 81,
82] and distributed agile teams [83-85]. Interesting observation that can be inferred by using GT is that, doing analysis
with GT approach is like developing software with agile methodologies in terms of flexibility that they have. Moreover,
both are iterative and incremental in nature [81], for example, GT approach allows to collect and analyze the data in a
parallel way, where, agile development allows the flexibility to develop and deliver the software simultaneously in small
executable parts.

As a researcher using GT, one should be aware that there are three different flavors available. As said above, Barney
Glaser and Anselm Strauss discovered GT approach in 1960. Later, separating from Glaser due to reasons, Anselm
Strauss along with Corbin Juliet published ‘Basics of qualitative research’ in 1990 [75, 79] this is referred as Straussian
GT and the former referred as Classic GT [81]. The main difference between these two flavors is in data analysis process
they follow and the timing of the coding phases they use [76]. Adding to these two flavors Kathy Charmaz published
‘constructing grounded theory’ in 2006 [86] mainly to resolve the GT’s ontological and epistemological ambiguities
[80]. Although multiple versions of GT approaches are available it is observed that Straussian GT is the most used one in
the field of software engineering [80]. For this research, we have consciously chosen Straussian flavor of GT mainly due
to its scientific rigour in conducting analysis of data in three coding phases, namely; open coding, axial coding and
selective coding [75, 79]. Each of these is detailed in below. Another reason for selecting Straussian GT is that it allows
researchers to move with a research problem before hand (i.e. pre-assumption) and moreover, we have decent number of
literature support for Straussian GT in software engineering. Here after in the subsequent text, we refer Straussian GT as
GT.

Open coding is initial coding phase in GT, in which data is broken down in to analytical codes [75, 79]; when an event
(relevant to study under investigation) is identified in the text, it is categorized and labeled with an appropriate meaning
that is close to raw data (text), Thereby, researcher will start to analyze these codes in the subsequent phases rather than
analyzing the entire raw data. While doing the coding process, emerging code is constantly compared with already
developed code, this is done to reduce the bias of researcher in coding the similar data repeatedly, thereby maintaining
precision and consistency among the codes being developed [75, 79]. Generally, line-by-line coding, paragraph coding or
entire text coding can be done depending on the meaning inferred from text. For our research we have mainly employed
line-by-line coding and paragraph coding. In-vivo codes are used for labeling an event/incident, which means codes are
given names by observing the sentences of the text to be coded [75], this is done to have close relevance to the context.

Second phase is axial coding, where the open codes are interrelated to each other through a “coding paradigm” of
conditions, contexts, strategies, consequences in order to present conceptually richer phenomenon under study [75, 79].
Axial codes are evolved by relating similar open codes through the coding paradigm, these are called as concepts. This
will show the phenomenon under study more specific and denser [75, 79].

Third and final phase is selective coding. Here, all the concepts are further related to a core category, that represents the
central phenomenon of study [75, 79]. Here, the relationships among the concepts are further validated by checking with
the raw data and if needed the relationships can be refined with more descriptive detail [75, 79]. Application of these
coding phases for this research can be seen at section 4.2.6.

In addition to these coding phases, memos are also employed consecutively at each coding phase. Memoing is basically
descriptions about the codes, concepts, categories and the relationships among them written by the researcher as they
strike [75, 81]. Memoing is considered as essential step for building theory [84]. Length of the memos generally depends
on the study being investigated [75, 79]. Finally, in this thesis, complete coding process is performed manually.

4.2. Systematic literature review

The aim of systematic literature review (SLR) is to follow a repeatable process [87]. SLR is different from literature
reviews in terms of its scientific value and unbiased nature [87, 88]. SLR allows researcher(s) to collect the evidence for
a study under investigation in a scientific manner, like, through designing a review protocol, search strategy and
evaluating them prior its execution, which further reduces the chance of research bias. Steps involved for the SLR
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process are presented in Figure 2, which were according to the Kitchenham guidelines [87]. The overall process is
divided into three phases; planning the review, conducting the review and reporting the review.
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Figure 2- SLR process

The purpose of conducting SLR (step 1) is twofold; first, to identify the TW factors for global agile teams, and second, to
explore the possible challenges and mitigation strategies related to TW factors. Motivation for conducting SLR was
presented in the introduction section and related work section. Further, two research questions (step 2), RQ 1 and RQ 2,
were defined to address the purpose, these are specified in section 3. For RQ 1, it should be noted that TW factors for
distributed agile teams are identified by identifying TW factors from agile software context (especially Scrum and XP)
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and global software context (both onshore and offshore), which are further analyzed to present the TW factors relevant
for distributed agile software teams. Subsequently, possible challenges and mitigation strategies related to these TW
factors (RQ 2) were also identified as a part of this SLR.

The review protocol (step 3) was evolved through multiple iterations which helped to avoid the bias. The protocol was
further evaluated (step 4) by a researcher (supervisor) who has the experience of conducting reviews. Evaluation of
protocol further preserved the internal consistency among the search string, data extraction and quality assessment with
the research questions under investigation [87]. Final protocol of the review is provided in the following section.

4.2.1. Identification of research

Search process for identifying studies (step 5) is the heart of SLR, which distinguishes other type of reviews from SLR
[87]. Conventional way of search process to explore the relevant studies was to identify keywords from the RQ(s)
according to PICOC structure [87], identify possible synonyms of each keyword then combine each keyword with
AND/OR/NOT connectors to formulate search string which is then executed in selected electronic databases to retrieve
relevant articles. Quality of this search string was checked against the known relevant articles this set of known relevant
articles is called as gold standard [89]. The process of how the relevant known articles are identified should be clear
enough to preserve the rigour of the search process which will directly affect the quality of search string.

Gold standard is a known set of articles that represent the research question (s) under investigation [89, 90]. This gold
standard can be used to calculate the performance of search string in terms of recall/ sensitivity and precision [89, 90]. As
full-known set of articles for gold standard before the execution of SLR is always not possible (depends on the
knowledge of the researcher in a specific domain area), we have selected Quasi — Gold Standard (QGS). This is a known
set of articles identified from related venues with-in the specified time span [90]. The systematic search process using
QGS is detailed as follows.

Quasi-Gold standard based systematic search approach

Zhang et al. in [90] proposed a systematic search process, in which the manual search is initially used to establish a
quasi- gold standard (QGS). From the articles of QGS, keywords are identified to formulate the search string. This
identification of search keywords can be done subjectively or objectively, where subjectively refers to identifying the
keywords based on the knowledge of the researcher(s) in the domain under study and through observation of the articles
in QGS, and objectively refers to identifying keywords using a text analysis tool like, word stat. The formulated search
string is then implemented in search engines (this is referred as automated search). In order to check the relevance,
articles from automated search are compared with articles in QGS. This is done using quasi sensitivity (where, Quasi —
sensitivity = (no. of relevant articles retrieved/ total no. of relevant articles) * 100 %). If the quasi- sensitivity is greater
than or equal to threshold value (normally 70%-80%) which means articles from automated search have more relevance
with articles from QGS than the search process is terminated, otherwise search string is reformulated accordingly to meet
the threshold value. In this search process the automated search complements the manual search. This entire process
preserves the rigour of the search process and their by scientifically validating the search string. Following are the steps
for systematic search process using QGS [90]:

Identify the search venues and engines.
Establish QGS (manual search).
Define or elicit search terms.

Conduct the automated search.
Evaluate the search performance.

ok wbdeE

This search process is represented at Figure 3.

Step 1: Identify the search venues and engines

As a part of search process, initially, search venues and libraries/publishers were identified. Criterion for identifying the
search venues is based on the research questions, RQ 1 and RQ 2 (Refer to section 3 for research questions). As the
subject under investigation is distributed (global) agile software context. Venues related to global software development
and agile software development are identified for manual search. Table 1 shows identified search venues and
corresponding publisher.
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Table 1-Search venues and Publishers

Search venues

Library/publisher

ICGSE(C) IEEE
Agile conference (C) IEEE
XP (C) Springer-Verlag

Information and software Technology (J)

Elsevier Science

Journal of Software maintenance and evolution (J)

Wiley

Communication of ACM (J) ACM

The above venues are selected by studying the references of a seminal paper [58] that have performed SLR in the field of
distributed agile development with main concern to identify agile practices in global software context. Mostly occurred
venues in cited references are selected. Further, manual search is performed in these selected venues. Articles that fulfill
the defined inclusion criteria (refer to section. 3.1.2) are selected. Title-abstract-keywords field of the articles are initially
searched and if the context article is still not clear then introduction and conclusion fields of the article were studied.
Rationale for selecting articles from the year 2000 is that the field of distributed agile software development has been
evolved from this period [58] and another reason for selecting articles from 2000 is to aggregate the evidence from past
decade.

< Start \)
—F

Identify the search venues and search engines

v

Establish QGS (manual search)

Quasi-gold

standard
1 -
\ 4
> Define or elicit search terms € — — — — — — — — — ]
v
Conduct the automated search
) 4
Evaluate the search Performance <€

NO —Quasi-sensitivity >=
Threshold

Yes

( Move forward... )

Figure 3-Systematic search process proposed by Zhang et al. [90]

Step 2: Establish QGS

Through manual search in the selected venues, 26 relevant articles were identified which forms a Quasi-Gold Standard
for this study. Number of relevant articles in each venue is presented in Table 2. No relevant articles were found in
Journal of Software maintenance and evolution venue.



Table 2-Relevant articles at each venue

Search Venue Library/Publisher No. of Articles (2000-2012)
ICGSE (C) IEEE 4
Agile Conference (C) |IEEE 9
XP (C) Springer-Verlag 10
Information and Software Technology (J) Elsevier Science 2
Communication of ACM (J) ACM 1
TOTAL =26

Step 3 and 4: Elicit Search Terms and conduct automated search

As mentioned earlier, objective or subjective ways can be used to identify search terms, this search process uses the
subjective way, i.e. identifying search terms through the domain knowledge of authors and observation of Abstract-Title-
keyword fields of articles in the QGS.

As we are looking for the articles that report teamwork in agile and distributed software development and challenges and
mitigations strategies related to teamwork factors, we have defined two categories of search keywords:

A: Distributed agile software development and,
B: Teamwork

Though this SLR aims to identify TW factors, its challenges and mitigation strategies keywords like, factors, challenges,
and mitigations were not used because of inconsistent use of terminology in agile and GSE literature [58, 91]. It was
observed that most of the studies from the QGS have not used keywords related to challenges and mitigation either in
title, abstract and keyword fields. Consequently, in order to avoid the threat of missing such studies during search, the
search string was designed in a broad way to cover both the teamwork factors, challenges and mitigation strategies.

Possible synonyms under each keyword category were identified by observing the Abstract-Title-keyword fields of the
articles in QGS, but not limited to this. Here, the authors have taken the keywords not only from QGS but also general
keywords that have relevance for our research questions, like ‘team performance’. This is to make sure that search
keywords are explored by not solely attaching to the QGS papers; this further preserves the search string as unbiased.
Table 3 shows the identified search keywords under each category.

Table 3-Search keywords
Keyword category Alternative keywords

A: Distributed Agile Software | Al: “Agile software Development”
Development (Population) A2: “Global software Development”
A3: Scrum

A4: “Global agile team*”’

A5: XP

A6: “Distributed software development”
A7: “Extreme programming”

A8: “Distributed agile development”
A9: “Virtual team”

A10: “Offshore development”

B: Teamwork (Intervention) B1:Teamwork

B2: Leadership

B3: Communication

B4: “Team dynamics”

B5: Collaboration

B6: “Team performance”

B7: Coordination

B8: Feedback

Using the above identified keywords, the search string is formulated as follow:

(A AND B)= (A1 OR A2 OR A3 OR A4 OR A5 OR A6 OR A7 OR A8 OR A9 OR A10) AND (B1 OR B2 OR B3 OR B4
OR B5 OR B6 OR B7 OR B8).

As a next step, an automated search is performed in the selected databases using the above formulated search string.
Here, the databases are selected such a way that they cover all the selected venues used for manual search. Number of
hits returned in each database using the search string is presented in Table 4.
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Table 4-Results through automated search

Databases No. of hits
IEEE Xplore 1058
Inspec 891
Science Direct 1745

In order to calculate the quasi-sensitivity (where, Quasi-sensitivity = (Number of relevant studies retrieved/Total number
of relevant studies) * 100 %), authors have searched for the articles of QGS in the automated search results (i.e. in the
above mentioned hits of databases).

Step 5: Evaluate search performance

Up on searching for the QGS articles in the automated search results, authors were able to get 21 QGS articles out of 26,
which shows a quasi-sensitivity of 80% ((21/26)*100). But among the QGS articles, three articles (2 from XP 2008 and 1
from XP 2010) found not to be indexed by either of three selected databases at the time of search?. Due to this limitation,
these three articles have been excluded in calculating the quasi-sensitivity but included in the set of identified primary
studies. Now, calculating quasi-sensitivity shows an increased value of 91% ((21/23)*100) which satisfies the defined
threshold value (i.e. 70%-80%). Authors further tried to improve the quasi-sensitivity by changing the search terms but
this lead to no improvement in quasi-sensitivity. Therefore, the authors settled with the existing search string which was
run in the remaining electronic databases (see Figure 4). In evaluating search performance, precision (no. of irrelevant
articles retrieved) was not carried out due to the reason of terminology inconsistency in GSE [92], which resulted in
higher number of irrelevant articles.

On the whole, advantage of conducting this QGS based systematic search process is; it allows systematically to identify
the keywords and possible synonyms from research questions, reduces scope of missing relevant studies and to check the
quality of the search string. Further, articles identified through the manual search (QGS articles) will complement
automated search (refer to Figure 5).

4.2.2. Study selection criteria
A study selection criterion (Step 6) has been applied on the set of candidate primary studies which were obtained through
the search process. Through this selection criterion, potential primary studies that provide direct evidence about research
question(s) were retrieved [87]. Following inclusion and exclusion criteria is defined according to the requirement of the
research question(s).
1. Inclusion criteria
The inclusion criterion is shared as basic and detailed inclusion criteria, where the basic one is applied initially on
the set of candidate primary studies, and detailed is applied on the set of studies resulted after applying the basic
criteria.
1.1. Basic inclusion criteria
Studies are included which are unique (non-duplicate), peer-reviewed (journal/conference
proceedings/workshop studies), having full text with written language as English and published from the year
2000 to 2012.
1.2. Detailed inclusion criteria
Following detailed inclusion criteria is applied on the remaining set of studies resulted after applying the basic
selection criterion.

Table 5-Detailed inclusion criteria
Detailed inclusion criteria
1. Studies that discuss about the teamwork factors in the context of agile development
teams.
2. Studies that discuss about the teamwork factors in the context of global software
development teams or virtual teams.
3. Studies that discuss on effectiveness or efficiency of teamwork in the context of agile
software development or distributed agile software development.
4.  Studies that discuss behavioral activities which improves the team effectiveness and
team performance [13].
5. Studies that presents the challenges or issues for teamwork factor(s) in the context of
distributed agile software development.
6. Studies that report the mitigation strategies or solutions related to the teamwork
factor(s) in the context of distributed agile software development.

2
Search is performed on 7" April, 2012.
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2. Exclusion criteria
Studies that resist the above inclusion criteria were excluded.

4.2.3. Study selection process
The following process is followed for study selection.
1. Initially, Title and Abstract fields of each study were interpreted liberally against the defined detailed inclusion
and exclusion criteria and relevant studies were included.
2. Then, an Introduction and Conclusion field of each study (resulted from stepl) was read against the defined
detailed inclusion and exclusion criteria and relevant studies are included.

The above two steps were performed after applying the basic inclusion criteria. A basic inclusion criterion is applied at
the time of automated search in the databases, like, year restriction, peer-reviewed and English texts.

As it is a time consuming process to perform complete selection process (due to huge number of articles retrieved
through automated search) by both the authors individually, 50 studies were randomly selected from the set of studies
obtained after removing duplicates (3996 studies obtained after removing duplicates) and both the authors applied the
selection process individually to check the agreement. This strategy of reducing the bias before starting actual
inclusion/exclusion process is called as objective criteria assessment [93]. Initially, agreement was obtained for 43
studies with Cohen’s kappa value [94] as 0.504; conflict about remaining 7 studies was resolved after having discussion
between authors on the selection criteria.

It is found that due to lack of common definition of teamwork among the researchers lead to disagreement. Therefore
authors have looked for studies that hold TW factors with the help of this definition; “Teamwork is a behavioral activity
among the team members that makes them to work together and improves team performance” [13].

To further improve the agreement between authors, again 30 studies were randomly selected and selection process was
performed individually, this time the Cohen’s kappa value increased to 0.889, which shows to be almost perfect
agreement. Thereby, after having this perfect agreement on the selection criteria, the set of studies was divided between
authors, selection process for studies from year 2000 to 2006 was conducted by first author and studies from 2007 to
2012 was conducted by second author.

As can be seen from Figure 4, search string formulated through systematic search process was executed on seven
databases; IEEE Xplore, ACM Digital library, Inspec, Compendex, Scopus, ISI Web of Science and Wiley Inter science.
Title, Abstract and keyword fields of the articles were seen during this search, as these fields produces more relevant
studies [89]. Total 5874 articles were retrieved, among which 3996 articles found to be unique. EndNote X5 was used to
eliminate the duplicates mainly for its simple and easy-to-use features. Study selection criteria was applied on 3996
articles, title and abstract review showed that 3748 articles were not relevant for the study under investigation.
Introduction and conclusion review was applied for remaining 248 studies which allowed selecting 37 primary studies as
an evidence for the study under investigation, at this stage full-text was unavailable for 20 studies.

Further, to reduce the chance of missing any relevant studies snowball sampling was conducted. Snowball sampling
facilitates identification of studies that are not retrieved through the search string. Snowball sampling methods such as,
pursuing references of references and electronic citation tracking are powerful for identifying high quality sources [95].
Through snowball sampling, it can be ensured that relevant studies from the previous years (before 2000, which we
limited for electronic search) also included in the primary studies [96]. 37 studies were used as an input for snowball
sampling, both citations tracking (forward) and references tracking (backward) were applied through which five
additional studies were identified (three through citation tracking and two through reference tracking). Again, snowball
sampling was applied on these five relevant studies (second level of snowball sampling) which lead to termination of the
process by producing zero relevant studies. Finally, 45 studies were identified as a primary evidence for the study under
investigation from SLR (both automated and manual search) and snowball sampling. The details can be seen at Appendix
A

Distribution of these primary studies across manual search, automated search and snowball sampling can be seen in
Figure 5, which shows that three articles identified through manual search (QGS articles) were not retrieved through
automated search and five articles were retrieved through snowball sampling. This proves the advantage of having
manual search and snowball sampling additionally with automated search for this SLR.
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Figure 5-Distribution of studies across manual search, automated search and snowball sampling.

4.2.4. Data extraction
A set of properties were defined to extract data from the primary studies (step 7) in such a way that they will act as a root
for analysis. Data properties have evolved while conducting the data extraction process.

Table 6 shows the data extraction properties along with data values and purpose of each data property. Under the
property P1, data values publication year and publication venues were extracted; purpose of extracting publication
venues was to known the frequency of studies published at a venue. For property P2, data values were identified
according to the definitions presented by Unterkalmsteiner et al. [97] and data values for property P3, research type, were
extracted according to the definitions presented by Wieringa et al. [98]. Data properties P5-P11 are specific to research
questions. Data extraction for each study was performed by both the authors in pair.

18



Table 6-Data extraction form

Data Extraction Property along Data Values

Purpose of property

General (P1)

Year Published: (2000-2012)
Publication venues: (Retrieved from papers)

Research Method (P2)
Case Study

Industry Report
Experiment

Survey

Action Research

Not stated

Not clear

Research Type (P3)

Evaluation Research
Validation Research
Solution Proposal
Philosophical Papers
Personal Experience papers
Opinion papers

Not clear
Contributions(P4)

Practices

Tools

Lessons learned
Recommendations

Not clear

Research Context (P5)
Agile Software Development
Global Software Development

Team Types (P6)

Agile/ self-organizing teams
Distributed teams

Virtual teams

Globally distributed teams
Identified from study
Agile Practices (P7)
Scrum practices

XP practices

Mixed (Scrum + XP)

Not clear

Team Size (P8)

Retrieved from the studies
Not mentioned
Teamwork factors (P9)
Identified from the studies

Teamwork Challenges (P10)

Retrieved for the studies

Strategies/solutions (P11)
Retrieved from studies

For Overview of studies

For Overview of studies

For Overview of studies

For Overview of studies

RQ1, To identify the context in
which teamwork or teamwork
related factors discussed

RQ1, To identify the type of
teams discussed in the study.

RQ1 and RQ2, To identify the
agile practices used in the study

RQ1, To identify the team size
discussed in the study.

RQ1, To explore the Teamwork
factors presented in the papers

RQ2, To explore the challenges
regarding teamwork or teamwork
factors

RQ2, To explore the solutions
discussed regarding teamwork or
teamwork factors
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4.2.5. Study quality assessment

Study quality assessment (Step 8) is performed to report the quality of primary studies than to judge their quality [97].
Quality of studies further shows the credibility of results. As presented by Kitchenham et al. [88] that quality of a study
refers to the extent it minimizes bias and maximizes the internal and external validity, questions were defined to address
the bias and validity of the studies. Quality assessment questions were mainly inspired from Unterkalmsteiner et al. [97].

Table 7-Quality assessment criteria

ID Quality Assessment Question Answer Against Each Primary Study
Yes No Partially
QA1 Is the aim or objectives of the study clearly
explained?
QA2 Is the method to produce results clearly defined?
QA3 Avre threats to validity discussed in the study?
QA4 Are the results of study presented clearly?
QA5 Is the context (Practices and techniques, people and
organization) described Explicitly?

Each study is answered against these five questions in parallel with data extraction process. For a study, QA 1 is checked
against “YES” if aim/objectives are stated clearly. QA 2 is checked as “YES” for a study, if the research method is stated
explicitly, if the study does not discuss the research method then it marked as “NO” and the study will be marked as
“Partially” if it just indicates the research method and does not detail how the method is performed. QA 3 is checked
“YES” if the threats to validity are discussed, ‘“Partially” is marked when a study discuss threats and not present how the
threats are mitigated. QA 4 will be checked as “YES,” if the study presents the results and their contributions clearly.
Quality Assessment QA 4 depends on the data extraction property P4. Context is important to draw a valid conclusions
when aggregating evidence [99]. Petersen and Wohlin [99] presented checklist of six context factors among them three
were selected which suits this study: practices and techniques, people, and organization. For QA 5, if any one of the
contextual factors were not discussed in the study it is marked as “Partially,” “YES” is marked if all the factors were
described explicitly and “NO” when study does not discuss any of the context factors.

4.2.6. Data analysis

Grounded Theory (GT) approach is employed as a method for analyzing the data which is in the form of primary studies.
GT approach mainly used for two purposes; one is explore the dependencies and other is to explore the challenges and
mitigation strategies. Here, we present how GT is applied in identifying the dependencies. As mentioned earlier, GT
approach involves three coding phases namely; open coding, axial coding and selective coding. At open coding phase,
each study was seen against the text related to dependencies between the TW factors that are identified through RQ 1.
For each text referring to certain dependency is labeled with an appropriate name that has close meaning with text.
Similarly, every study is referred against dependencies between TW factors; this resulted in 15 open codes. At axial
coding, all similar open codes are related a more general concept (axial code); at this stage we got 12 axial codes. Which
are further related to a core category (selective coding) which resulted in to 4 major categories that represents teamwork
factors.

Similarly, GT approach is applied for analyzing challenges and mitigation strategies. Initially, 86 open codes were
identified which were further related to 30 more general concepts and these are finally related to 10 categories that
represents the phenomenon under study, i.e., teamwork.

Following examples details the application of GT approach on SLR data.
Example 1: This narrates how dependencies were analyzed.

Data X: “... If there are no hurdles in communication among team members providing effective feedback should not be
an issue in DXP (Distributed eXtreme Programming)” [60].

Data Y: “Lack of trust affects team performance in a varying degree. Some team members did not monitor and provide
feedback on each other’s performance, whereas some were not focused on the tasks, Deadlines and deliverables. Poor
performance of even one member of a team can affect the overall Performance of the entire team ” [85].

Data X demonstrates that, if communication among team members is without any problems, then giving feedback is easy
for team members. Therefore, we coded this as “effective communication facilitates effective feedback behaviours”.




Data Y demonstrates that, if trust is not built among team members, then they do not wish to execute the performance
monitoring behavior and feedback behavior. This shows that lack of trust will affect mutual performance monitoring and
also feedback. Therefore, we made two codes; “Lack of trust affects mutual performance monitoring” and “Lack of trust
affects feedback”.

Now, we have three open codes from data X and Y respectively. If observed, these open codes shows, one factor is
positively/negatively related to another factor, for example, the open code, “effective communication facilitates effective
feedback behaviours” indicates that informal communication is positively related to trust. And another open code, “Lack
of trust affects mutual performance monitoring” indicates lack of trust is negatively related to performance monitoring.
Thereby, based on this property of negative/positives of open codes, we further categorized open codes into axial codes,
“informal communication is positively related trust”. Further, all axial codes from communication dependencies are
related to core category communication. Similarly, open codes from data Y are further related to axial codes and further
to a core category of trust.

Example 2: This narrates how teamwork challenges and mitigations are analyzed.

Data X: “... Project A faced a barrier between generalist against specialist behavior on technical team. Agile practices
states that every team member must collaborate as a generalist in project tasks. In this project even with performance
testing training available test team avoided to execute performance testing because they were primarily functional
testers...”[92].

Data Y: “... The offshore team had a hierarchical notion of authority. The bodies regarded as authorities were onshore
management and clients and offshore senior team members. The offshore teams had a “command-and-control” view of
management, deferring to team leads and managers as being the sole decision-makers and speakers during meetings.
Hence, the offshore team members did not dare to disagree with the onshore team members due to their seniority and
client role. They viewed the client as being their “boss” and thus felt compelled to oblige to any request...” [55].

Data X demonstrates that, team has faced the problem of possessing specialist behavior which opposes the agile value of
being every team member as equal. This shows the authority of a particular team member, which is an impediment to
shared leadership where every member should be considered as equal and provided with equal responsibility. Hence, we
coded this challenge as “specialist over generalist behavior”.

Data Y demonstrates that, team members have a hierarchal notion of authority that management is sole responsible
people for taking decisions. This shows the authority of management, which in turn affects shared leadership because
leadership is stagnating solely at higher individual levels. Hence, this challenge is coded as “command and control view
of management by team members”.

Both these open codes were related to more general concept of “authority” which is further related to the category
“shared leadership” (a TW factor) and presents the phenomenon understudy i.e. teamwork.

4.2.7.SLR validity threats
The threats to the validity of SLR and analysis of the data are discussed below.

Identification of primary studies

A general threat while conducting the SLR is missing relevant primary studies. Search string formulated should be able
to identify as many studies as possible related to the study under investigation. There is an inconsistent use of
terminology in GSE, for example, the terms ‘distributed’, ‘global’, ‘virtual’ are used interchangeably to represent the
global teams which could lead to a threat of missing relevant studies. However, this was reduced by using QGS (refer to
section 3.2.1), where the studies were searched manually at selected conferences and journals. Further, search string
formulated was checked against its quality using the studies identified through manual search. This helped to identify the
higher number of relevant studies (with quasi-sensitivity as 91%). Additionally, snowball sampling was conducted to
further reduce threat of missing relevant studies.

Publication bias

The basic idea behind the SLR is to explore all available literature for the study under investigation. There is threat of
publication bias in SLR which refers to likeness of publishing more positive research outcomes than the negative ones
[87, 97]. To alleviate this threat, we have conducted manual search, automated search and snowball sampling and
considered all the publications, journals and conferences to cover the breadth of the field. Though the enough care was
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taken to avoid publication bias, we have a threat of not considering grey literature. However, it was done to collect the
reliable information.

Reliability of the collected data

Another threat in conducting SLR is the reliability of the sources being collected. To reduce this both the researchers
were involved in the study selection process and had an upfront protocol that was piloted at multiple iterations. If other
researchers have replicated the same SLR, there is a chance of including other studies and excluding some studies.
However, it is less likely that these differences due to the individual judgments would change the outcome of the general
results. Though there may be a change in the figures of the studies, it is less likely that they affect the overall results.
Moreover, in order to reduce the selection bias, the study selection process was performed after achieving Cohen’s kappa
value of 0.889. Furthermore, while performing data extraction both the authors in pair have interpreted the data to
improve reliability of the collected data and to reduce the interpretation bias.

Grounded theory threats

The situation mentioned above (for reliability of collected data) also holds true for the coding process of GT, in which
there is probability that different codes can be generated for the same study, but the underlying meaning of these codes
would not change. One researcher may do the labeling process differently than other researchers but this difference will
not drag the results towards another end of the spectrum. Thereby, the external validity of this study is high, with the use
of systematic process in finding the studies and analyzing it with rigorous method.

A threat while analyzing data using GT approach, especially at open coding phase, is coding the inappropriate text for
substantive study under investigation. As we have used the field literature for analysis, there is a threat that codes can be
generated from back ground sections of the articles, which mostly discuss basics of global software development or agile
software development. This generates biased results. To alleviate this threat, we have taken extreme caution to identify
the open codes (such that they represent the study under investigation, i.e. from distributed agile context) by reading each
study (from SLR) three times. First time, the study is read to understand the context and where the challenges or
mitigations are discussed. Second time, the study was read while doing actual coding process. And, third time, the study
was read to cross-check the consistency of code with the text it represents.

While using GT another major threat is exhaustiveness of codes. It is always a case of whether all the codes for a
substantive study under investigation have evolved or not. This threat was reduced to minimum by reading each study
three times as mentioned above.

During categorization of challenges and mitigation strategies, there is threat of categorizing a challenge to an irrelevant
category. This was reduced to the minimum by appropriately categorizing the challenges based on the proper empirical
evidence (literature findings) and through the properties and context of each code.

4.3. SLR results

In this section, dissemination of results (Step 10) is presented. A total of 45 primary studies were gathered for
accumulating the evidence for research questions under investigation (i.e. RQ 1 and RQ 2). Before getting in to the
qualitative results and analysis of teamwork factors, relationships, challenges and mitigations, quantitative observations
of studies are presented, that gives an overview of studies. These are basically the results obtained through data
extraction properties P1-P3.

4.3.1. Overview of studies

Overview of studies across year

Figure 6 shows the increased interest of distributed agile in the years 2009 (eight studies, 18%) and 2008 (nine studies,
20%). Following this, six studies (13%) were published in 2007. Consistent research can be observed for the years 2010
(five studies, 11%) and 2011(five studies, 11%). And, two studies (4%) in 2012 represents that results of this SLR is up-
to-date in gathering the evidence for the study under investigation.
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Figure 6- Distribution of primary studies across years

Publication venues

It is essential as a researcher to have the knowledge about publication venues for the research under investigation. This is
especially important while finding the known primary studies, like, Quasi-gold standard in our case. From our SLR, it
was identified that majority of the studies were published at XP conference (10 studies, 22%) and Agile conference (9
studies, 20%), subsequently 4 studies were published at ICGSE (9%) and 2 studies each were published at Information
and Software Technology Journal, HICSS and Systems, Software and Service Process Improvement respectively and
remaining 16 studies each were published at individual venues. These statistics indicates that XP conference and Agile
conference are mostly being the venues for research in agile and distributed agile software development.

Main research method

Figure 7 shows the classification of studies with respect to the research method employed. Majority of the studies (14,
31%) employed case study as a method to fulfill their research objectives. As next majority of the studies (10, 22%) were
industrial experiences they were classified under industry reports. It is also clear that eight studies (18%) did not employ
any research method. Over all statistics shows that majority of the studies used empirical research methods to perform
their research. This further improves the credibility of this research results

M No. of Publications
Interviews

Not stated 8
Industry report 10

Literature Review | 2
Action Research | 1
Grounded Theory Approach 5

Survey a

Case study 14

Figure 7-Distribution of primary studies across Research Methods

Classification of studies based on research type

Classification of primary studies with respect to their research type shows majority of studies, i.e 15 (33%) studies were
of evaluation research type. Subsequently, 10 studies (22%) were classifed under validation research, eight (18%) studies
were classified under solution research, nine (20%) studies were classified under experince papers and three (7%) studies
were classifed under opinion research. This statistics shows that majority of the studies are of evalution type and
validation type (55%), which possess a rigorous research method, ensuring credibility of this SLR results.

Agile practices reported

Between the Scrum and XP agile practices, results show that 17 studies (45%) reported Scrum practices and seven
studies (18%) reported XP practices, and combination of both Scrum and XP were reported in 10 studies (26%) and four
studies have not specified any particular practice though they emphasis on distributed agile development. These statistics
indicates that most preferred agile method in distributed development was Scrum than XP. Next to this, combination of
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Scrum and XP was preferred in distributed development These results are in consistent with research results of Jalali and
Wohlin [58] who conducted a systematic mapping on agile practices reported in distributed software context. It should
be noted that, this statistics doesnot inlude the studies that have only distributed context that are used as evidence for
RQ1.

Quiality of primary studies

Quality of primary studies is found to be moderate. Primary reason for this is due to number of studies from industrial
experiences and studies not having proper research method. Result from QAL indicates that quality of studies at
presenting the objectives is high, with 44 studies (98%) being marked as YES, and one study found to be not having a
clear objective. Consistent with the results of data extraction P2, quality criteria QA2 reveals that nearly half-of-the-
studies, i.e. 25 studies (56%) have used a research method to fulfill their objectives and among the remaining studies two
(4%) have just indicated the research method by not revealing the method application and 18 studies (40%) did not used
any research method. Quality of studies in discussing the vadility threats is quite low, with only 11 studies (24%)
discussing their validity of results and 32 studies (71%) did not, one study presented the threat and not discussed how
they mitigated it. Similar to the result of QAL, QA 4 also scored high quality by having 44 studies (98%) with clear
research results and one being not. Finally, QA 5 indicates that 14 studies (31%) clearly discussed all three contextual
factors and four studies (9%) compeletly ignored all the three and remaining 27 studies (60%) partially discussed the
context, i.e. either of the three contextual factors, people or organization or practices and techniques have been discussed
explicitly.

4.3.2. Teamwork factors

TW factors were identified from agile software context and distributed software context separately. From the data
extraction property P5, it was observed that out of 16 studies, that shows evidence regarding teamwork factors (i.e. RQ
1), nine studies are from agile software context and seven studies are from distributed software context, which are in
almost equal proportion. Additionally, it was observed through data extraction property P6 that studies in distributed
context possess different team types, like virtual teams, globally virtual teams and self-managed virtual teams. Although,
they vary at their names all of them holds the properties of virtualness, i.e. boundary spanning and temporal distance [74,
100], therefore all of them are categorized under distributed context.

Identification of TW factors was done in two ways; first, identifying TW factors from studies that directly indicates
them, and second, identifying TW factors where studies specify that a behavioral activity improves the team performance
and facilitates accomplishment of collective tasks [13], this behavioral activity or a variable is coded as an TW factor.
Almost, every TW factor identified from distributed context are done in this explicit way which is not the situation when
dealing with studies from agile software context where they clearly specified the teamwork factors. Additionally, it is
made sure that improving team performance is the main object of investigation for the studies through which TW factors
are identified in an explicit manner, doing this will avoided bias of selecting the non-empirically proven TW factor and
ensure consistency among the factors identified from agile and distributed context. Table 8 show TW factors identified
from the agile software context and Table 9 shows TW factors identified from distributed software context.

Table 8-Teamwork factors identified in agile software development context

S.No Teamwork factor Team Type %egﬁtrﬁ?ecs
1. Communication Agile teams [7]
2. Coordination Agile teams [7]
3. Team orientation Agile teams [7, 14, 18-20, 63]
4. Shared Leadership Agile teams [7,18-20, 63]
5. Mutual performance monitoring Agile teams [7, 18]
6. Feedback Agile teams [7]
7. Team learning Agile teams [14, 18-20, 63]
8. Team autonomy Agile teams [19, 20, 63, 101]
9. Backup behavior Agile teams [7, 18-20]
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Table 9-Teamwork factors identified in distributed software context

S.No Teamwork Factor Team type Reference Identified
10. Trust Global Virtual [102, 103]
teams
11 Culture Virtual teams 9]
12. Coordination” Virtual teams [104]
S w Globall
13. Team familiarity distributed tiams [3]
14. Ease of use of technology” distr%gtté?il It)éams [103]
15. Shared leadership” ?/?:Eg}ag Z?ﬁg [105]

Ease of use of Technology
Team familiarity

culture

Trust

Team Orinetation

Backup Behavior

Team autonomy

Team learning

Feedback

Mutual performance Monitoring
Shared leadership
Coordination
Communication

B Frequency of occurances

Figure 8-Frequency of occurrences for each teamwork factor

occurrences in the literature.

While identifying TW factors from primary studies, it was found that TW factors were referred with different names
though their conceptual meaning is similar, like, backup behavior [7] was referred as redundancy in other study [20], and
team learning is referred as adaptability. For uniformity, we address them as backup behavior and team learning in this
thesis. This choice is made based on the more frequency of occurrences of this TW factors.

To have a clear conceptual meaning of each TW factor, their definitions identified from literature are presented in the

Among the 15 TW factors, two of them, coordination and shared leadership were found to be common in both the
contexts; this reduced the overall TW factors to 13, which can be seen at Figure 8 along with their frequencies of

Table 10.
Table 10- Conceptual definition of each TW factor
Teamwork Identifier Definition
factor
— “Involves exchange of information between two or more team members in the
Communication COM - . . . )
prescribed manner and using appropriate terminology ” [7].

Team orientation TO “Refers to belief of team members in the importance of team goals over individual
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member goals, propensity to take other’s behavior into account during group
interaction. It reflects an acceptance of team norms, the level of group cohesiveness
and the importance of team membership” [7, 14, 18-20, 63].

“It is the ability of team members to transfer leadership according to key knowledge,
skills and abilities, where that person is able to direct and coordinate the activities of

Shared' SL other team members, assigns tasks, assess team performance, develop team
leadership - o . .
knowledge , skills, and abilities, motivate team members, plan and organize, and
establish a positive atmosphere ” [7, 18-20, 63, 105].
“It is the ability to develop a common understanding of the team environment through
Mutual - L . .
observing the activities of other team members and apply appropriate task strategies
Performance - -
Monitoring MMP to accurately monitor team-mate performance to recognize when a team member

performs correctly” [7, 18].

“It involves providing information regarding other members’ performance, requesting
Feedback FB input or guidance regarding performance of self and to accept positive and negative
information regarding performance ” [7].

“It is the ability to shift work load among the team members to achieve balance at the
times of high work load and it also includes anticipating other team members’ need
through accurate knowledge about their responsibilities ” [18, 20]. This is also called
as Redundancy [20] .

Backup Behavior BB

Team learning “It involves the ability to identify the changes in the team environment and adjust the

L strategies as needed ” [14, 18-20, 63].

“It the external influences of management and other individuals on the activities of the

Team autonomy TA team ” [19, 20, 63, 101].

Ease of use of “It involves the ability of using both synchronous and asynchronous technologies to

technology TECH facilitate the communication between the team members ” [103].
“It is the shared collection of beliefs that team members will perform their actions
Trust TR which are agreed a priori and protect the interest of their team members” [102, 103,

106].

“Culture is a set of shared experiences, understandings, and meaning among
members of a group, an organization, a community, or a nation”’ [107].
Culture CuUL Or
“The collective programming of the mind which distinguishes the members of one
human group from another” [9, 108].

“It refers to knowledge about the other members of team and the knowledge about the

Familiarity FAM task itself” [3].

“It refers to team members executing their activities in a timely and integrated

Coordination cob manner and it is linked to the performance of teams " [7, 104].

As these TW factors are from agile and distributed context separately, there is a need to analyze them for their
applicability in distributed agile software context, which is the purpose of RQ 1. Thereby, to fulfill this, a conceptual
model of global agile team configuration proposed by Sharp and Ryan [74] was employed. Motivation behind selection
of this particular team configuration is that they proposed this configuration of global agile software development team
by drawing upon extensive literature review from diverse fields of agile software development methods, global software
development, virtual teams, agile methods in distributed environments, work group and team design research [74] which
strengthens the credibility of the proposed team configuration. Moreover, the proposed conceptual model has been
empirically supported with a case study. Further, as we want to know the applicability of each TW factor across global
agile team®this particular model helps to pave a path.

In their conceptual model authors present that a global agile team should possess the dimensions of virtualness, agility
and team structure. The dimension virtualness is characterized by boundary spanning and time zone differences, where
former refers to virtual team spanned over functional, organizational and cultural boundaries and latter refers to virtual
team members being distributed across different time zones [15, 74, 100]. The second dimension, agility refers how
closely the team is aligned with principles of agile manifesto [38]. Finally the third dimension, team structure is
characterized with task design, core norms, team composition and team processes. Where, task design refers to
“construction of work itself”’ [15, 74, 100], how the work is distributed across the team. Second, core norms of conduct
refer to adherence of team members to a shared set of norms. Third, team composition refers to team size, team member
roles and their skills in conducting the task. Final and fourth characteristic of team structure, team processes refers to
team’s conduct in making decisions, degree of information sharing between the members, modes of communication,
coordination and control, and degree of commonality in work process and technological infrastructure. These dimensions
makes a difference between this particular team from other type of teams [15].

® In this thesis, the terms distributed agile team and global agile team were used interchangeably.




Among the three dimensions, we make use of virtualness and agility for analysis, as they uniquely describe the feature of
global agile team with agile principles and characteristics of boundary spanning and temporal distance. While the team
structure dimension mostly refers to how the team members should configure their tasks, their adherence to norms of
team, their skills in conducting the task and process of decision making in a team, which found to be general in most
software development teams. We implicitly believe that TW factors possess the characteristics of team structure.
Thereby, we prefer to analyze each TW factor against agility and virtualness to maintain relevancy. We start our analysis
with team orientation.

Team orientation
Team orientation (TO) is important for a member to participate in a team activity and is considered as an input for

teamwork behavior [7]. “TO is attitudinal in nature” [4]. TO is belief of team members that team goals are important than
individual goals, agile principles adheres to this element, especially, Scrum fosters TO through sprint planning meetings,
retrospective meetings and daily stand-up meetings [18]. Where team setup their goals for the next 2-4 weeks period of
time and all the team members make commitment towards the goals. But, when the team is distributed across different
time zones and holding members from different cultures, it seems difficult to prioritize a team goal, because team
members do not meet at same time to make the collective decisions on the goals. TO also refers to take input from other
members while making a decision [7, 18, 19], but this is always difficult for distributed teams to take input from other
team member as they are separated by many time zones. Despite of these difficulties there are cases [60, 109] that show
globally distributed team members can share and commit to a common goal by having a prior planning for meetings
through adjusting the times between the onshore and offshore sites and team members can be committed towards team
goals by building trust among them. Thereby, we infer that TO even with difficulties can be successfully employed and
can be considered as a TW factor of distributed agile team, share a collective responsibility for the team goals and make
team work together.

Shared leadership
Responsibility of a leader in a team is to plan the activities, keep members focused on the team activities and give

support in the times of troubles. Beside TO, shared leadership (SL) is also considered as an input for teamwork behavior
as leadership allows a member to take the responsibility towards team tasks [7]. It is an important factor to involve every
team member towards team goals [105]. Carte et al. [105] shows that, high performance teams always possess more
leadership behaviors. According to agile principles, there should be generalist behavior than specialist behavior within a
team [38]. This shows that leadership should be transferred to the team member who holds significant knowledge at a
given situation, which is nature of self-managing teams and leadership of project manager should be limited to project
management activities [19]. When leadership is shared the effectiveness of teams will increase [7]. Although literature
shows that leadership behavior is high in agile teams, especially in Scrum teams [19, 20], enough care should be taken by
the team to successfully execute SL behaviors, because there are instances that shows leadership cannot be shared among
the team members with ease, for example, if Scrum master and product owner shows command and control view and
making decisions without the concern of other team members then, team members may feel of not belonging to a one
team and further does not take part of leadership [7].

Exhibiting leadership behavior is not always easy when team members are from different cultures which are common in
global teams. When team members spanned across boundaries, it is always the situation that team members do not agree
to a point/ decision made by an individual due to their cultural differences. Additionally, it is always a problem that
distributed agile teams face a command and control view of management by team members [54, 70] making difficult to
share leadership. But agile principles force to have shared leadership behaviors in order to preserve the agility in
distributed teams. All team members should take equal responsibility and act as leader at times of situation under
demand, and not to place themselves to view that, either Scrum master(s), coach(s) or project managers are sole
responsible for the team activities. We believe that sharing leadership is important for distributed agile teams in order to
preserve the agility and to effectively use the Scrum practices and moreover, by resolving the notion of command and
control view of management shared leadership behaviors can be executed by distributed agile teams. Therefore, we infer
SL as a TW factor for distributed agile teams.

Mutual performance monitoring
Mutual performance monitoring (MPM) is the ability of an individual to understand team members’ tasks and monitor

their work. Subsequently, give feedback or backup the team members. MPM will have more positive effect on team
performance when there is a workload distribution problem than in the situations where there is no workload distribution
problem [5]. Here, workload distribution problem refers to the inconsistent amount of work distributed among the team
members, which makes the particular member in the team to have more workload than others. Moreover, MPM behavior
occur mostly at the inception stage of the team development [13], because at the later stages of team interactions, team
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members are more devoted to the taskwork skills in order to accomplish their tasks rather than concentrating on team
members behavior.

Agile principles mention that, “at regular intervals team should reflect on how to become more effective, then tunes and
adjust its behavior accordingly ” [38], this insists that team members should be able to monitor the performance of other
members in order to reflect the team performance. Scrum method can effectively support this behavior through feedback
loops for each day and iteration [18]. But, if team members are located across different time zones it is difficult to have
synchronous meetings between the sites and have quick feedback loops [110]. It is also said that monitoring and
feedback mechanisms are difficult to establish in remote setting [109]. At some situations, team members do not wish to
monitor other team members as they prioritize individual goals over team goals, the possible reason for this may be the
difference in their cultures and lack of trust. Anyhow, besides these problems due to virtualness, distributed agile teams
can facilitate performance behaviors through proper tool support i.e. by using asynchronous communication tools like
emails to have feedback and by sharing the pain of time zones differences, i.e. by adjusting the times according to
another site located at other end of the line [26]. Additionally, MPM needs only cognitive resources unlike backup
behavior which needs both cognitive and physical resources. Thereby, we infer that MPM factor as TW factor for
distributed agile teams.

Backup behavior

Backup behavior (BB) assures that individual is available to back up other team members’ task when needed. It is also
referred as redundancy [20]. BB can be provided to assist a team member in performing the task and to complete the task
for a team member in case of overload [4]. High levels of BB in a team confirm wide range of specialists within the
team. Similar to MPM, it is evident that BB will have a more positive effect when there is a workload distribution
problem [5]. Agile principles support BB, as it promotes the team’s capability in handling the changes. Moreover for an
agile team to fully self-organize BB is necessary [18].

Workload distribution is always a problem with virtual teams, as tasks are assigned purely based on skills of an
individual, the consequence is most of the tasks are assigned to few experts therefore imbalance of workload. Executing
backup behavior seems unrealistic in virtual teams due to temporal distance and cultural differences. As this teamwork
behavior needs both cognitive and physical resources [5] and physical presence of team members is possible when team
is spanned across boundaries. Moreover, virtual team members may not be willing to give or seek feedback because they
not wish to ask help or do not want to see others code due to their cultural differences. Although Pair programming
practice of XP allows two members to work together and helps to establish the mechanism of backup it is not easy to
apply it in global teams that are many time zones away. Therefore, we infer that executing BB is difficult in distributed
agile teams mainly for the reason that they need physical resources to accomplish.

Feedback
Feedback involves both giving and seeking feedback, where team members respond to the requests made by other

members and give out information about their performance, and also accept suggestions from other members in order to
save time [7]. Feedback supports team in minimizing the risk of aiming for the wrong objectives, specifically it focuses
on three areas: the system, the work accomplished and the process [111]. The system refers to examining overall quality
in following unit, integration, system and acceptance testing, and checking the feasibility of system integration work
across different sites. The work accomplished refers to, checking whether team is developing the right product, whether
customer is satisfied with the product under development and is it possible to deliver the product within the time as
promised to the customer. Finally, the process refers to check whether the development process support the team in
getting work done along with its (process) adequacy and implementing the changes to improve the process efficiency
[111].

Agile principles strongly emphasize the need of feedback behavior, because agile teams should continuously update in
response to their performance, where this happens through feedback behavior. Agile development methods, like Scrum,
maintain quick feedback loops through daily stand-ups. XP practices also fosters quick feedback loops between team
members [60, 112]. However, agile principles support feedback behaviours, there is a threat to this; if team members are
not willing to participate towards team goals they will not involve in giving and seeking feedback, this generally happens
when the team follow an isomorphic team structure (where members are assigned a specific software module throughout
the development [7]).

On the flipside, as mentioned in MPM, maintaining quick feedback loops is not possible when agile teams are distributed
globally across different time zones [110]. Team members are often blocked while waiting for the decisions that have to
be made by other site (onshore site), possible consequence is that dependent site feels less productive and do not feel
belonging to one team [113]. However, distributed agile teams can overcome these problems of feedback, by using
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communication technologies like, video conferencing tools to facilitate quick feedback loops [114]. As technology
support is bridging the distance between the teams to facilitate feedback behaviours, we infer feedback as a TW factor
for distributed agile teams.

Team autonomy

Team autonomy (TA) is the influence of external sources on the team activities [20], like, management and other
individuals [19]. It ensures that team effectiveness in not hampered with the decisions made by outside authorities, this
remarks that team members are self-directed in making the decisions which is in congruence with agile principles saying
that teams should be self-organized [38]. Barney et al. in [101] specified that TA is at the heart of agile software
development and continued that agile methods, like Scrum and XP provide a high-level of team autonomy. Contrary to
this, Stettina and Heijstek [20] through their survey on collocated Scrum teams presents that autonomy is low in the
team.

Team can benefit from autonomy if it is co-located under same roof [20], which is not the situation in global teams that
are distributed across the space. Higher management is often involved in making the team decisions, which is not always
encouraged for maintaining team autonomy. This will further increases individual autonomy. Though individual
autonomy is encouraged in team to maintain the interest of individual, it should not be prioritized over team autonomy.
There should be balance between individual autonomy and team autonomy [115], practices like ‘FedEx day’ [101] are
practiced to maintain the balance, where all the team members make a day to work on whatever they want. However, this
does not happen regularly in distributed teams. Virtualness can hamper the TA due to project priorities and limited
resource availability (skilled labor), management often transfer a key member to other projects. Unavailability of key
member is always an issue with global team [116, 117], and threat to team autonomy. Even Information and
communication technologies (ICT) may not solve this problem of unavailability. Therefore, we infer that TA though
facilitated in agile teams, cannot be executed effectively in distributed agile teams.

Team learning

Team learning (TL) is the ability of team members to identify the changes and adapt accordingly to the needs of a team.
TL is also important to improve shared mental models [19] and occur mostly at later stages of team development. Agile
principle of continuous change in developing software shows that TL is crucial factor for agile teams in working
together. Daily meetings facilitate the team members aware of the changes and adopt the necessary actions to further
improve the performance. Especially, while using Scrum method, team members have a chance to discuss on the
problems team is facing, with the help of three questions asked at daily stand-up meeting; what you have did today?
What will you do tomorrow? And, what problems you faced? Further team members can get input to change a needed
process. Apart from daily stand-ups, Scrum retrospective meetings are more appreciable for learning behaviors [63].

TL is also important for teams characterized by temporal difference and boundary spanning. It is essential for global
teams to stay update with the changes that are desirable. There is provision for team members to learn about the team
environment when members frequently get touch with each other by having daily meetings via video conferencing tools.
However, cultural differences hold back the members to participate in team learning behavior, but, the literature shows
that through training on cultural differences and by knowing the problems of offshore team members through frequent
visits TL behavior can be facilitated [110, 116]. Moreover, we believe that cognitive resources are enough for executing
TL behavior. Therefore, we infer TL as a TW factor for distributed agile teams.

Familiarit

“Familiarzyty helps team members perform their individual task activities and communicate and coordinate with their
team mates” [3]. Two dimensions of familiarity were discussed primarily: one is task familiarity and other is team
familiarity, where former refers to familiarity of an individual about the task and latter refers to familiarity of an
individual about other team members. Familiarity is discussed at the times of complexity in the project, where
complexity refers to the size and distribution of tasks among the team members. Espinosa et al. in [3] specified that task
familiarity is useful for task particularly with less complexity than the one with more complexity. Team familiarity leads
to more coordination among team members as this facilitates better interactions among the team members who have
already known each other and save the process loss as team members know whom to communicate with and use the
terminology familiar to the team [3]. It is ideal to consider team familiarity as teamwork factor than task familiarity,
because team familiarity is important for effective team interaction and insists on how members work together, while
task familiarity is important for individual task performance [3] which is more related to task work behavior [13, 61].

Though agile principles do not explicitly discuss the concept of familiarity, daily meetings in Scrum method can enforce
the members to get familiarized with each other and provide better interaction. Familiarity is attributed to improve the
team performance in geographically distributed software teams [3]. As global software development involves members
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from different cultures at national and organizational level, effective communication and coordination can be facilitated
if members get familiar with each other [3] as they are aware of whom to contact with. Therefore, we infer team
familiarity as a TW factor for distributed agile teams.

Culture
Among the Hofstede’s six cultural dimensions [118] (sixth one, Indulgence versus Restraint, added in new edition),

Individualism versus Collectivism is discussed in relation to the teamwork [9]. Team members who have high
collectivistic culture will possess high level of teamwork behaviors [9, 119]. Members possessing individualistic culture
will prefer to individual goals than team goals and members from collectivistic culture prefer team goals over individual
goals. This collective culture closely resembles to team orientation (TO) which says that team goals should be prioritized
over individual goals. But, it should be noted that collectivistic culture is cultural based and context free, unlike TO it
does not have to be related to work [4]. Agile principles found to support collective team culture as they allow team
members to work with cohesiveness, motivation and excitement [82]. Methods, like, Scrum and XP directs team
members to work collectively towards team goals.

Cultural is an essential characteristic of virtual teams. Most of the problems occur in global development projects are due
to cultural differences. For example, members of specific culture are loud and direct and members of other culture are
careful while having meetings, where member who are direct speak a lot and members who are careful hide the
information [59], this can cause communication problems. We argue that collectivistic culture among global team
members can be facilitated through culture trainings at the beginning of project. Where, team members can communicate
openly, give preference towards team goals and moreover exhibits teamwork behaviours. Therefore, we infer collective
culture as a TW factor for distributed agile teams. In the further text of this thesis, the word culture refers to collective
culture.

Trust
Trust is a fundamental factor which decides the success or failure of virtual teams [120]. It acts like glue that holds

members from different regions, from different working styles and of course, from different cultures. It is pre-requisite
for communication, feedback and building personal relationships [120]. Though there are number of difficulties
discussed in establishing and sustaining trust in virtual teams, it is never like that trust is neglected. Agile principle:
“build projects around motivated individuals, give them the environment and support they need and trust them to get job”
[38], shows trust is important for team to function, though the members are co-located there should be trust among them
in order to work effectively. Moe et al. [7] through their case study on teamwork of Scrum teams, also suggests that trust
should also be considered teamwork factor in co-located team to work effectively. Therefore without much of debate, we
infer that trust as a TW factor for distributed agile teams.

Communication
Communication is the backbone of teamwork, especially in distributed environment [42]; this should happen throughout

team members’ interaction. It is important for teamwork because it encourages the shared understanding of team
members about the process and goals [4]. Agile principles foster communication between team members mainly due its
priority to individual and interactions. When agile teams using Scrum practices like stand-up meetings or retrospective
meetings communication is a primary factor through which they simplify their interactions. In addition, extreme
programming also demands effective communication among team members [60] as communication is one of the four
values of XP [112].

Central aspect for the virtual team development process is communication [104]. Traditionally, global software teams are
often represented with communication, coordination and control challenges. Many studies from global software literature
stress the importance of communication, albeit it takes a lot of pain for virtual teams to have effective communication.
The primary reason for this is, without communication it is unrealistic to execute any of the teamwork behaviours in any
team environment, especially in software teams where majority of work is performed through human interaction. When
observed, almost every TW factor implicitly demands communication. This shows the essence of communication for
teamwork. Studies on teamwork from social sciences literature [4, 35, 121] also mention the importance of
communication.

Given its importance for teams characterized with both agility and virtualness, we infer communication as a TW factor
distributed agile teams.

Ease of use of technology
In virtual teams, it is only through technology support most of the communication happens for the reason they are

separated across boundaries and time zone differences, where face-to-face communication is rare. Edwards and Sridhar
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in [103], through their research study across 24 global virtual teams recommends that, as technology becomes easy to use
effectiveness of virtual team members increases. Gibson and Cohen in [22] also stress the importance of technology
selection for a project, cultural difference among team members should also be considered while using a technology
because Americans mostly prefer video conferences to resolve conflicts but this ignores the Japanese culture of
preserving the harmony in group context [22]. Organizations should also ensure consistent technology support across all
sites of a virtual team to work effectively. Rodriguez et al. [122] presents various tools and technologies that support
distributed teamwork some of them are, Microsoft SharePoint, Google apps and IBM Lotus as a collaborative
technologies.

On flip side, it is often said that using technologies and tools can hamper the agile spirit [110], as agile manifesto
emphasis on “individuals and interactions over process and tools” [38]. But, virtual teams heavily rely on
communication and information technology, this is the only medium for frequent interactions among the members.
Employing a suitable communication technology for the mode of communication (synchronous or asynchronous) will
facilitate effective interactions with in the team. Whatever the development methodology the team may be using, either
agile or heavy weight methodologies technological support is vital for virtual teams to survive. Moreover, to ensure the
effectiveness of teams’ project should provide suitable and reliable technologies where members from different regions
and different cultures feel comfortable using them. Therefore, we infer that ease of use of technology is important in
supporting teamwork for distributed agile teams and as a TW factor.

Coordination
Coordination refers to timely integration of activities among team members [7]. According to Dickinson and Mclintyre

[35] teamwork model coordination defines the performance of teams, because performance of some individual will affect
the performance of other team members [7]. Members should be able to effectively monitor, give feedback and willing to
provide backup to other individuals of team to improve the performance of other individuals, and virtual team members
should be able to effectively communicate with each other through tools and technology in order to exchange
performance related information to other sites because coordination is all about “Passing performance related
information to other members in an efficient manner” [7]. Agile principles implicitly demands coordination among the
team members though its agile manifesto. We argue that, whatever the environment of software team might be, either of
agile nature or virtual nature, members of a team should be able to coordinate their activities to achieve team
performance. Moreover, as central aspect of teamwork is coordination [12], distributed agile teams need coordination
among them to improve teamwork. This TW factor is required for executing the tasks.

Therefore, from this overall analysis of TW factors across agility and virtualness, we argue that all TW factors except BB
and TA cannot be effectively executed in distributed agile teams.

4.3.3. Dependencies

If observed during analysis of TW factors, few dependencies hold between some factors, for example, trust is dependent
on communication and culture, backup behavior is dependent on team orientation. Moreover, as virtual team member’s
work interdependently with each other, their behaviors also depend on each other. In order to improve the effectiveness
of teams, it is necessary to explore the dependencies among their working behaviors. This requirement impelled us to
investigate the dependencies among the TW factors being identified.

Rather than defining dependencies from our inferences, we preferred to identify possible dependencies from literature.
Furthermore, to maintain consistency, we identified dependencies exclusively through distributed agile literature as they
provide us with precise insights of team member interactions, rather from agile literature or distributed literature
separately which is preferred to identify TW factors (we did this because of literature scarcity showing teamwork factors
for global agile teams, which we filled from this research). The dependencies identified for distributed agile teams are
much different from dependencies of teamwork factors for work teams in general [4]. We could identify dependencies
for TW factors; communication, trust, ease of use of technology and culture. Process of dependencies identification is
presented in Section 3.2.6.

A null and alternative hypothesis is formulated for every dependency between the TW factors that is identified through
literature. Where, null hypothesis indicate that there underlies no dependency between the TW factors and alternative
hypothesis indicate that there holds a dependency between the TW factors, this dependency can be either in a positive
way or a negative way based on the context of the study being identified. The reason behind formulating the hypothesis
is to validate the dependencies, as these dependencies were identified from literature using grounded theory there is a
need to validate empirically to confirm whether the dependencies holds true same as with the literature findings and
further the validation confirms strength of each dependency.
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Description about the dependencies identified and their respective null and alternative hypothesis is as follows:

Communication dependencies

Communication is a medium for establishing interactions among team members. There are two major types of
communication, namely, formal communication and informal communication. It is mentioned in [123], formal and
informal communications are best suited for most of the team interactions. Formal communication means communicating
through writing like, written specifications document at formal meetings like daily stand-ups, sprint planning meetings
and through any other channels where impersonal interactions happen [123]. Inversely, informal communication means
discussing personal talk, project related talk at any informal places, around cafeteria, at office corridors or at any place
members feel comfortable [27, 123] and these talks are not scheduled by teams.

Having these different types of communication, there are TW factors which were dependent on them. When team
members foster communication among themselves, it is without challenges to have effective feedback [60]. While having
sprint planning meetings, daily stand-ups, retrospective meetings or sprint review meetings, if team members are able to
facilitate effective communication through communication technologies, it is easy to have quick feedback loops.
Virtualness impedes team to have effective communication; anyhow, communication tools provide a bridge to this
problem. If team has ability to employ a tool appropriate for the mode of communication, either synchronous or
asynchronous, communication can happen effectively, for example, video conferences captures visual aspect of team
members, such as their non-verbal cues, body language, allowing them to communicate effectively, this further
facilitates effective feedback. Therefore, having this dependency between the formal communication and feedback, the
following hypotheses were formulated.

H1,: There is no dependency between formal communication and feedback
H1,: There is a dependency between formal communication and feedback

H1, represents null hypothesis, while H1, represents alternative hypothesis. Here, for alternative hypothesis there holds a
positive effect between formal communication and feedback i.e. increased formal communication will positively
improves feedback.

Informal communication is important to build trusted relationships among team members [83, 84]. When team members
are discussing casually to known things through phone, emails or instant messages, they are more exposed to each other
and become more aware about software development project [84]. Moreover, they better knew the expectations of each
other which build trusted relationships with in the team. Dorairaj et al. in [83], presents through their interviews with
distributed agile practitioners that, if members are given first 15 minutes (of video conferencing) as open time to discuss
any topic they are interested with, it will improve the trusted relationships among team members. Further, as informal
communication facilitates members to have personal discussions they get more awareness of each other’s expectations
and this builds trust among them. On the other hand, it is also a situation where lack of informal communication between
the team members will make it difficult to establish and maintain trust [70]. Having this dependency between informal
communication and trust, the following hypotheses were formulated.

H2,: There is no dependency between informal communication and trust.
H2;: There is a dependency between informal communication and trust.

Here, the alternative hypothesis holds both the positive effect and negative effect between informal communication and
trust, i.e. increased informal communication will positively builds trust and lack of informal communication will
negatively effect in building trust between the teams.

Apart from informal communication and formal communication, distributed agile literature emphasizes the use of open
communication [27, 40, 59, 116], where team members are able to freely express their opinions or ideas when having
conversations or meetings. Scrum expects open communication with in the team [40]. This type of communication is
often related to culture and trust [124]. When individuals openly discuss every idea with the team, even it is not an good
one, he/she will get a chance to be heard by the team [116]. This increases the confidence within the individual and
further he builds trust among other team members. Additionally, teams promoting open communication will quickly
understand other culture’s [124], and further works collectively. Therefore, having this dependency between open
communication and trust, and open communication and culture following hypothesis were formulated respectively.

H3,: There is no dependency between open communication and trust.
H3;: There is a dependency between open communication and trust.
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H4,: There is no dependency between open communication and culture.
H4,: There is a dependency between open communication and culture.

Here, the above alternative hypotheses holds the positive effect between them, i.e. open communication positively effects
in trust building and open communication positively effects in having cultural understandings among the team members,
thereby possess a collective culture.

Trust dependencies

Trust is important for distributed teams. It is necessary to build trust to have fluent communication with in the team.
Once the team developed trusted relationships, members start to interact frequently and exchange information between
them [84]. It is also a situation where lack of trust among the team members will affect their communication [125].
Based on this assertion, the following hypotheses were formulated.

H5,: There is no dependency between trust and communication.
H5;: There is a dependency between trust and communication.

Here, the alternative hypothesis holds both the positive effect and negative effect between trust and communication i.e.
increased trust positively impacts communication and lack of trust negatively impacts communication among the team
members. Here, communication refers to formal, informal and open communication. Though, the alternative hypothesis
H3; shows, open communication build trust, we argue that trust is a former agent that team needs to have better
communication.

Lack of trust with in the team affects their performance. It is less likely, for team members to feel as a part of team
without trust. If individuals do not trust each other, then effective communication is not possible and also team members
show unwillingness to monitor the performance of each other and further will not execute any feedback behaviours [85].
For example, when team is having Scrum meeting who have not performed any trust building activities, obviously
members do not trust each other mainly due the reason they have not seen face-to-face before, this situation cause
members remain unwilling to monitor the performance of each other during meetings and further do not provide any
feedback on the issues or discussions. Based on this assertion, we make the following hypotheses for the dependencies
between trust and mutual performance monitoring, trust and feedback respectively.

H6q: There is no dependency between trust and mutual performance monitoring.
H6,: There is a dependency between trust and mutual performance monitoring.

H7,: There is no dependency between trust and feedback.
H7,: There is a dependency between trust and feedback.

Here, the above alternative hypotheses holds the negative effect between the TW factors, i.e. lack of trust negatively
affect the mutual performance monitoring and lack of trust negatively affects the feedback.

Ease of use of Technology dependencies

As technology becomes easy to use team members will have an effective communication. Though studies say that use of
technology will improve the communication [110], it is through their easiness, effective communication can be
facilitated. Employing a communication technology according to the task needs will pave a path towards having effective
interactions among the team. Synchronous communication technologies, like, video conferences, instant messages and
telephone, asynchronous communication technologies like, emails and other groupware technologies, like wikis can be
used to facilitate effective virtual team communication. Therefore, we argue that ease of use of technology will provide
effective communication. Based on this assertion, following hypotheses were formulated:

H8,: There is no dependency between ease of use of technology and communication.
H8,: There is a dependency between ease of use of technology and communication.

Here, we refer communication with all the three types; formal, informal and open communication because distributed
agile teams use communication technologies for all the types. For the alternative hypothesis mentioned above, there
holds a positive effect between the ease of use of technology and communication i.e. easy use of technology will improve
the communication among the distributed agile teams.
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Culture dependencies

Global virtual teams comprise members from different cultures who have to work towards collective goals. In order to
possess a collectivistic culture it is essential for a team to have understanding of each other cultures. Doing this not only
cause members to work together but also builds trust among them [83]. Generally, visits to remote site by a manager,
senior member or other team members will help to have a cultural understanding and cultural trainings can enact cultural
understanding at national level [110]. These activities of cultural understanding will build trust among team members. It
is also a situation, where due to lack of cultural understandings among the team members it is difficult to establish trust
[85]. Therefore based on this assertion we make the following hypotheses.

H9,: There is no dependency between culture and trust.
H9,: There is a dependency between culture and trust.

Here, the alternative hypothesis holds both the positive effect and negative effect, i.e. cultural understandings is
positively related to trust building and lack of cultural understandings is negatively related to trust building.

Figure 9 shows the identified dependencies between TW factors. In figure, the line between TW factors represents the
direction of dependency and positive/negative sign indicate the positive/negative dependency between the TW factors.
For example, the line between informal communication and trust indicates that informal communication is positively
related to trust and informal communication is negatively related to trust. It can be observed that total 6 factors were
involved in the dependencies; communication, trust, culture, mutual performance monitoring, feedback and ease use of
technology. It does not mean that other TW factors have no dependencies, other factors too hold dependencies. As these
are identified exclusively through literature evidence, we are limited to these dependencies.

Communication

——(+/-) Mutual Performance

Informal Communication (+/-) Trust N A— )
Monotoring

\X\ f
:
Open Communication =
(1)
Culture
Formal Communication I (+) Feedback
[ (+) Ease of use of technology

Figure 9-Dependencies between teamwork factors

4.3.4. Teamwork challenges

It is not without challenges for distributed agile teams to work together. Dispersion with in team originates several
challenges. Identified challenges from literature are categorized in to the TW factors; trust, culture, communication,
shared leadership, team learning, ease use of technology, team orientation, mutual performance monitoring, backup
behavior and feedback. Table 11-20 contain challenges, their categories, identifiers and the study references.

4.3.4.1. Communication

There is a notion that usage of agile methods will reduce the communication problems in distributed environments. But,
evidences from literature show that communication is not set free from challenges in distributed agile software
development too. This is because face-to-face communication is the most efficient and effective way to share information
among team members [38], enriches interactions among the individuals of a team which is not a realistic situation for
distributed teams.

We have categorized the communication challenges that impede teamwork in to effective communication, language,
Auvailability of people, customer communication, information hiding, and directness and honesty; these can be seen at
Table 11.

Ineffective communication
Effective communication is important for software teams to perform development activities efficiently [84].
Unavailability of proper communication tools prevent members from different sites to communicate effectively [85].
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Experiences of practitioner in [84] shows that, it is due to lack of proper communication tool at right place project has
failed and most of the times teams have used written communication than voice or videos communication. Employing a
suitable communication tool for the discussion under situation is always a challenge for distributed teams. For agile
practices like daily scrum meetings, it is necessary for team members to have communication on daily basis where proper
tool support is highly required.

Most of the times distributed teams use remote conferences for meetings and lack of proper conduct of remote
conferences will prevent members to communicate effectively [70]. Examples of these are, most of the times members
discuss on resolving technical issues for video conference. Further, quality issues of conferences will add more
background noise leading remote members hard to identify who is saying what and it is not clear for other team members
whether the team is listening or they were distracted from having discussion [70]. All these instances present that team
communicate ineffectively through video conferences.

Miscommunication among team members is a challenge for having effective communication. While members use chat
software’s, like instant messaging tools, it takes long time to understand what other members are saying and further leads
to miscommunication [69]. Sometimes, it is due to cultural differences individuals could not understand each other
conversations and the consequence is miscommunication among them [126]. Time zone difference between the sites will
also contribute towards missed communication among team members [42].

In order to contribute towards team’s effort, all team members should communicate with each other instead of with
selected individuals, communication will be hampered when some team members are not willing to interact with each
other [84]. It is a big challenge when a team members says, “Leave me Alone! | do not want to be known”, because
distributed team needs visibility and everybody should be involved in team’s discussion [84].

Table 11-Challenges related to communication

Challenge Categories Challenges ID Study Reference
Unavailability of suitable
communication tool. 1 [84, 85]
Miscommunication among team c2 [26, 42, 110]
. L. members.
Ineffective communication
Lack of proper conduct of remote
C3 [70]
conferences.
Unwillingness to communicate with ca [84]
other team member.
Teams did not share a higher level cs [114]
common language.
Language Barriers Poor knowledge of English skills. C6 [70, 116]
English r]lot being a native language c7 [84]
or every member.
Lack of key me_mbgr availability at cs [116, 117, 125]
crucial times.
Unavailability of people ilabili
y Of peop Lack of avallablll_t)_/ of_ team members co [42, 60]
at specific times.
No frequent communication with c10 [124]
customer.
Lack of Customer Communication lack of proper customer relationship
due to process over people oriented Ci11 [127]
control
Offshore team members hiding the c12 [70]
problems.
Information hiding Information hiding by the customer
organization due to the political C13 [127]
issues.
Offshore team members not
accustomed to provide feedback. Cl4 [70]
Lack of Directness and honesty
Inconsistent behaviours between
offshore and onshore team members. CL5 [0l
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Language Barriers

As team members are from different regions, language is always a barrier for distributed agile teams [84]. English is
often used as medium of communication between offshore and onshore teams and some team members are not native
speakers of this language to maintain a smooth communication at team discussions [84]. Moreover, one side of the team
speak English fluently and other side of the team did not have proper skills on English, this creates great communication
difficulties among the teams [70, 116]. There are circumstances where team faced challenges of communication though
members of all regions speak English; this is due to the reason that team members did not share a high level common
language [114], words that are pronounced were much more important beside the language, this more refers to jargon
problem.

Unavailability of people

Unavailability of people when needed by the team will affect communication [125]. When key members, like business
analyst, customer, or Scrum master, are unavailable due to their priorities towards another projects, team members will
not get needed information to perform the task [116, 117, 125]. As key information is stagnated, team cannot proceed
further. Besides this lack of key member availability at crucial times of project, it is often situation in distributed teams
where team members are unavailable to other members due to time zone differences this will results team members to
communicate ineffectively and increase the possibility of rework [42, 60].

Lack of customer communication

Agile methods accents frequent communication with the customer [124] because customer communication is central
aspect of agile methods [128] and customer is involved throughout the development as a member of team. In distributed
environments, customer is often situated far away from team making it as challenge to have frequent interactions with
team [124]. As most of the critical information, like, developing stories, is done at customer site it is important to have
frequent communication with this site by offshore teams to get more insight in to the project [70]. On-site customer
practice of XP is even more challenging to adopt in distributed environments to have frequent communication with the
team. When customer is assigned to work on the site that he not belongs to, he may lose connection to his own
environment [124].

Another challenge that is faced by team while having customer communication is lack of customer relationship due to
the process oriented control of customer organization [127], which opposes the agile value of people over process
control. As customer organization is using process oriented control, they may neglect frequent communication with the
members and rely more on artifacts, like, requirements specification to complete the tasks. Lack of proper customer
relationship will hinder the communication even if effective communication media (email, telephone, video conference)
is used [127].

Information hiding

Hiding of information by other team members will impede communication. Generally, offshore team members hide
information about the problems and send only positive information to onsite team members [70]. This will create a false
impression for onsite members that offshore members have an understanding of problems and may terminate the
discussion.

Another challenge that restricts information being shared among the teams is the political issues of customer organization
[127], customer organization may not be willing to share sensitive data with offshore team members as the information is
high-end level and customer organization will think that if this is shared then they (specifically, outsourcing teams)
would do similar things like us which is political (confidentiality) issue. This organizational politics that restricts
information sharing will lead to communication issues of team [127].

Lack of directness and honesty

Communication problems also occur due to lack of honesty and directness between onshore and offshore team members
[70]. Offshore team members will not get habituated to give and receive direct feedback from onshore team members
where smooth communication cannot be processed between teams. While having communication, offshore members are
timid and careful while onshore members are loud and direct in expressing the opinions [70], these inconsistent
behaviours among team members make difficult to communicate directly and mention the problem honestly with other
team members, especially offshore team members.
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4.3.4.2. Trust

Trust is always a peculiar problem in distributed environments because “trust needs touch” and technology cannot
replace trust [129]. Moreover, as agile principles emphasize the need of trust; this is imperative for using agile methods
in distributed teams. Following are the challenges faced by distributed agile teams in establishing and sustaining trust.

Sense of belonging to a team
If team members do not feel belonging to a team, then building trust among team members is difficult [85].

As team members are located at different positions across the globe they should be aware of each other in order to work
together. It is not possible to feel as part of one team without knowing or seeing each other [85]. Due to management
restrictions on budget it is impractical for every team member to meet member on the other site and have physical
meetings to increase the effectiveness.

It is difficult for distributed agile team to have continuous communication due to the time-zone differences. As
mentioned in [85], “missing face-to-face communication and continuous communication between distributed team
members results in poor team bonding”. Moreover, due to socio-cultural differences of distributed team members, they
less likely to see themselves a part of one team [54]. All these problems will affect building trust within the teams.

Feeling of insecurity

Team members, particularly, junior members often feel themselves as not valued in the team discussions and do not put
their ideas in the team discussions. For example, “development team members feel scared to make estimations because
they think that they may be questioned if they had made wrong estimations” [85]. This insecurity feeling of being
incompetent is challenging to establish trust.

Members who are new to the project are more reserved and feel insecure, they do not open up when other members
enquire about the problems by saying everything is working well, but actually it is not working well. They are reluctant
to be transparent and open to other team members about their weaknesses [85]. Due this feeling of insecurity it is
difficult to build trust in the team.

At some situations, members are unwilling to expose their ignorance to the customers as they are afraid of making
mistakes. Dorairaj et al. [85] express this issue while interviewing the practitioners of distributed agile projects:

“Team members avoid situations that expose their ignorance to the customer, particularly on the areas that
they are expected to be experts. They fear that the results of their ‘inappropriate’ decisions can be visible to
the customers, and leave them feeling intimated. A common way to avoid such a situation is not to engage with
the customers™.

Fear of making mistakes will make it difficult to build trust within team.

Table 12-Challenges related to trust

Challenge Categories Challenges ID Study Reference
Lack of team member awareness. C16 [85]
Sense of belonging to a team Lack of team bonding. C17 [85]
Feeling of not belonging to one team. | C18 [85] [54]
Fear of making mistakes. C19 [85]
Feeling of insecurity Reluctant to be transparent and open. | C20 [85]
Presuming as incompetent. c21 [85]
) Lack o_f continuous face-to-face c22 [70, 85]
interaction among team members.
Conflict of opinions/ideas/decisions | C23 [109, 114]
among team members.
o Changing the major process of the C24 [114]
Trust Building project without the acknowledgement
of other regions.
Lack of common understanding C25 [113]
among team members.
Lack of informal communication. C26 [110]
Inattention of team members at long | C27 [6]
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meetings

Lack of open communication. Cc28 [40]

Trust building

It is always a challenge for distributed teams characterized by boundary spanning to have face-to-face interactions. As
said earlier that trust needs touch, though sometimes at the beginning of the project members are given an opportunity to
see face-to-face. It is not always possible for them to have continuous face-to-face communication with each other.
Moreover, individual like to talk more and share information if another individual is readily available beside him, but
time zone differences make teams not to have spontaneous communication [6]. This missing face-to-face interactions and
spontaneous communication makes teams difficult to build trusted relationships [85] and further decreases team
cohesiveness [70].

Another challenge in building trust is conflict of decisions among team members. Teams share common and different
circumstances, when a decision was made by the team according to the local market conditions and if these conditions
greatly differ with other side of the team, it is less likely remote team understand them. When such misunderstandings
continued trust between the sites will break [114]. Apart from this, Sepulveda [109] through his experiences of working
in agile offshore project presents how challenging it is to build trust when there are conflicts among decisions.

“The problem originated from a confrontation between one individual and me. | thought the situation was
resolved, but the individual felt the relationship as strained. He would make casual, derogatory comments
about me with some of the other developers; it was office gossip that started to fester. His negative perception
started to spread somewhat. A small clique developed among a subset of the teams, whose original bond was
dissatisfaction with me” [109].

All the members of a team have to know each other expectations in order to stay focused on their tasks. It is only through
pre-defined process members set these expectations, if the process is changed without the notice of another site members,
then they lose track of their tasks, which leads to confusion within the teams. When this happens repeatedly and left
unresolved, trust between teams will shatter [114]. Furthermore, if members do not have a common understanding of a
point, i.e. when team members could not understand the perception of members at another site, then, trust breakdown and
one side of the team cannot work effectively with another side [113].

As mentioned earlier, while discussing at dependencies (see section 3.3.3) that informal communication is important to
build trust. When this informal communication do not occur within the team then, it is hard to build trust [110]. Through
informal communication members effortlessly share complex information among them and understand each other
quickly. But, time zone differences and geographical separation will discourage team members to have informal
communication and further decelerate building trust. Along with informal communication, open communication is also
important to build trust among the team members [124]. Scrum practices, like, retrospectives encourage open
communication [130]. But, having open communication at the beginning of the project is difficult, particularly with the
offshore teams who are not habituated to communicate openly [40]. As team members do not communicate openly, it is
difficult it is build trust within the team.

During long meetings, like distributed retrospective meetings which usually lasts about 1-2 hours, it is unlikely that
members exhibit their attention completely throughout the meetings as they are out of each other sights. This inattention
of team members make other members feel distracted from the discussion and further loose trust [6].

4.3.4.3. Team orientation

Commitment

If team members are not committed it is less likely that they complete their team goals. According to Uy and loannou
[116], team must have healthy conflicts in order to achieve commitment. Every team member should be involved in
meetings, express their opinions about the problems and support each other. Lack of team member’s commitment in
attending remote scrum meetings influences their ability to work collaboratively [56]. Scrum practices recommend team
members to have daily meetings and discuss future actions to meet the sprint goals. But, team members do not show
commitment in attending these meetings due the reasons like, during meetings mostly technical issues are discussed and
at some instances only Scrum master leads the discussion without considering other members viewpoints. Distributed
agile teams often face these challenges in attaining commitment towards team goals.
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Table 13-Challenges related to team orientation

Challenge Categories Challenges ID Study Reference
Lack of commltm?nt towards team c29 [116]
Commitment goas. _ -
Lack of commitment in attending
. C30 [56]
remote Scrum meetings.
o Unable to share a common vision of c31 [26] [114]
Collective vision goals
Individual goals over team goals. C32 [116]
Lack of collective responsibility
towards the team goals due to C33 [70]
. . seniority.
Collective ownership
' Unavailability of resources at aII_ C34 [54] [114]
times to have a collective ownership.

Collective vision

Team members should maintain a shared vision/understanding of goals to maintain high levels of team orientation than
individual orientation [7]. Distributed agile projects face challenges in maintaining a shared vision of goals, unlike co-
located teams; distributed teams are exemplified by time zone differences and cultural differences which make them
difficult to constantly maintain a common vision in a long run [26] [114]. Moreover, no constant communication among
team members also a reason this problem [26].

Collective ownership

Collective ownership refers to “collective responsibility for its products” and “shared responsibility for managing its
work” [48, 54]. For members to possess team orientation they should have collective responsibility. But there are
challenges in doing so. For example, when senior team members are more dedicated to work on high-end level tasks, like
only development tasks, thinking that testing and documentation tasks will be performed by junior members [70]. Then
this notion of seniority makes junior team members to feel ownership towards their individual tasks only, thereby lacking
collective orientation towards team goals. Unavailability of resources is another challenge, everyone should able to
access the work at anytime from anywhere in order to have collective ownership towards the work [54]. But in
distributed environments, it is less likely that all team members of different sites will get an access to resources, most of
the times offshore team members are not allowed to have shared ownership of code as onsite team members are solely
responsible for the changes [114].

4.3.4.4. Culture

Cultural differences

Global teams are “culturally challenged” [9] as they possess different cultures. The cultural differences are at individual
level, organizational level and national level [48]. Dorairaj et al. [83] mentions that cultural difference at national level
and individual level constitute towards most of the problems in distributed agile teams. An example for difference at
national level is; different cultures refer with different meanings for words, for example, the word ‘YES’ in Indian
culture refers to “YES! I heard it’, but in American culture it refers to “YES! It’s done’ and the consequence is conflict
between the individuals which makes it difficult to establish trust [85]. Another instance is, members of one culture,
mostly western culture, are loud and direct and another culture are careful and cautious while expressing their ideas at
meetings [59]. And, members from one culture are not tend to ask help for help when problems arise, while members
from another culture will only provide help when others ask for [114].

An example for cultural differences at individual level is; differences of individual’s behavior in executing their tasks,
Uy and loannou in [116], provides an example for this issue: “developer’s don’t test only hurt the productivity and team
work”. Another instance is, differences of individual cultures in using communication technologies for which they are
mostly habituated towards face-to-face communication [109] and individual differences in adopting agile mentality,
“members need to have positive change towards accepting and practicing agile methods in distributed agile projects”
[83].

Conflict of cultural believes also hold back members to have collective responsibility because to some cultures collective
ownership of work looks a lot like communism, to which they oppose [54].
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All these cultural differences will create confusion and frustration among the team members [114]. When teams are
unaware of their cultural differences it will aggravate relationships between them [85] and further weakens trust [83].

Table 14-Challenges related to culture

Challenge Categories Challenges ID Study Reference
Lack of awareness of cultural C35 [85]
differences.

Cultral Differences Cultural differences at national and

ndividual level. C36 | [83][59, 109, 114, 116, 124]

Conflict of cultural believes among
team members to have collective C37 [54]
ownership of work.

4.3.4.5. Shared leadership

Authority

In distributed environments, agile value of shared leadership is impacted by the notion of authority. Hierarchical notion
of authority cannot work while using agile methodologies. Offshore team members most of the times have a command
and control view of management, thinking that senior team members located at onshore site are sole responsible for
making decisions, further hesitate to protest any request [70] and they are obligated to follow their decisions, thus
hindering cooperation and one team ness [114]. As individuals are often trained to listen to their seniors or onsite team
members, decentralized decision making is difficult in distributed agile teams [54], which is essential in having shared
leadership among teams.

Agile teams follow less hierarchical notion than other type of project teams by favoring generalists over specialists [25].
But, through experiences presented in [56], it is recognized that some distributed agile team members often behave as
specialists in performing the project tasks. This issue is furthermore elaborated by Cristal et al. in [56], “In this project
even with performance testing training available test team avoided to execute performance testing because they were
primarily functional testers”. This specialist behavior of team member makes difficult for team members to execute
shared leadership behaviours.

Table 15-Challenges related to shared leadership

Challenge Category Challenges ID Study Reference
Command and control view of c38 [54, 70, 114]
. management by team members.
Authority Specialist behavior over generalist
p 9 C39 [56]

behavior.

4.3.4.6. Team learning

Lack of Training

Team learning refers to the ability of team members in identifying changes and adopting the necessary strategies. A
mostly referred change in distributed agile teams is adapting to agile practices. Getting trained in agile practices being
used is important to team members, especially for offshore team member who are not habituated with using them earlier.
In literature, it is reported that distributed agile teams faced challenges in getting trained to agile practices. Most of the
offshore team members did not receive enough training on agile practices (Scrum), they were only supplied with some
material about agile practices which is not sufficient [40].

Table 16- Challenges related to team learning

Challenge Category Challenge ID Study Reference

Improper knowledge on agile C40 [40]

Lack of Training practices being used.

4.3.4.7. Ease of use of technology

Technical infrastructure

Distributed teams are situated under different roofs located across the globe. The technology they use to bridge their
activities should be easy. Differences in technological infrastructure will make both sides (onsite and offsite) of team
members difficult to use and hinder the collaboration between them, for example, offshore team members do not have




high-speed internet connection consistently which makes them difficult to conduct remote conferences efficiently and
“onshore and offshore team members uses different platforms and operating systems” [70]. Moreover, agile practices
like, frequent builds and continuous integration demand common infrastructure of wversion management and
configuration management between sites which is more challenging when sites are from different organizations
(outsourcing) [124]. Further, unfamiliarity of these technological differences across the sites will make situation even
worse [114] and make difficult to use the technology.

Table 17- Challenges related to ease of use of technology

Challenge Categories Challenges ID Study Reference
Unfamiliarity of the_ infrastructure at cal [114]
other sites.
Technical infrastructure Differences in technological
infrastructure between or among C42 [70, 124]
distributed sites.

4.3.4.8. Mutual performance monitoring

Avoidance of accountability

Mutual performance monitoring enables team members to understand each other tasks and monitor performance to
recognize when they perform the tasks correctly. When team members are not willing to resolve the disagreements
occurred between them it is difficult to monitor effectively. To put this in simpler words, team members should have an
accountability of each other tasks. Where, Accountability refers to “the willingness of team members to call their peers
on performance” [131]. Team members should reach at a point and ask each other, “Are we going to complete all of the
stories”, “Do we have enough time to complete the testing to meet the story requirements” [116], if this accountability is
avoided, then team members will work in isolation and further do not monitor the performance of each other tasks.

Table 18- Challenges related to mutual performance monitoring

Challenge Category Challenge 1D Study Reference
unwillingness to resolve
Avoidance of accountability disagreements C43 [116]

4.3.4.9. Backup behavior

Balance workload

In distributed environments tasks are assigned based on skills of the team members. Where most of the tasks are assigned
to few experts who excel in a particular fields (technical fields) making an imbalance of workload among the team
members [25]. As discussed earlier, executing backup behavior is challenging in distributed environments, this
imbalance of workload makes situation even worse.

Table 19- Challenges related to backup behavior

Challenge Category Challenge 1D Study Reference
imbalance of workload among team
Balance workload members C44 [25]

4.3.4.10. Feedback

Decision making

It is challenging for distributed teams to enable quick feedback loops. As decision making power is resided at
onsite/customer site that are located at different time zones and regions, the dependent team members (offshore teams)
always waits for the decision to be made by onsite team members thereby difficult to facilitate quick feedback loops and
the consequence is the “dependent site resents productivity impact and resents the interruption of thought and activity”
[113].
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Table 20- Challenges related to feedback

Challenge Category Challenge ID Study Reference

waiting for the actions or decisions

Decision making made at another site

C45 [113]

4.3.5. Teamwork mitigation strategies

In this section mitigation strategies were presented. Identified mitigation strategies were categorized in to the TW factors;
communication, trust, culture, team learning, ease of use of technology, feedback, familiarity and shared leadership.
Table 21-28 shows the mitigation strategies, their categories, identifiers and the study references.

4.3.5.1. Communication

A number of practices have been proposed in literature to mitigate communication related challenges in distributed agile
software development context. Table 21 shows the mitigation strategies of communication that are grouped in to five
categories: communication bridges, availability of people, communication tool, language and directness and honesty.

Communication bridges

Using a practice of appointing a communication representative will compensate the missed communication between
offshore and onshore team members [110]. Communication representative is a person who is explicitly appointed to
bridge the communication gap between the team members (offshore and onshore) and it can be a full-time position. At
the times, when team members are unable to reach their remote team member due to temporal differences this
representative will become a primary point of contact [26]. It is more encouraged to appoint a person as a representative
who worked with the remote team and had a good understanding with them [42] to increase the chances of having
effective communication and it is also suggested that it is best to have a person who can fulfill this role more as an
ombudsman, than a manager or any other person who have a specific authority in the project ([111], pp. 77). As team
members are more likely to communicate openly with the person who is ombudsman and can help to attain impartial
settlements. Besides this, the communication representative should be both technically and socially skilled, otherwise
team members think that he/she does not know something and hesitate to interact with the communication representative
[111].

Agile methods assume that team is co-located. For distributed teams that are using agile practices, it is ideal that they are
situated at smaller time zone differences to minimize the communication difficulties. In [84], authors through their
interviewer experience mentions that “the best way is to have the team in same time zone instead of splitting the teams
across different time zones”. Though it seems rarely possible, this practice will provide an effective communication
among the teams.

Because of budget constraints, only key members participate in the inception meetings with the clients/onsite team where
project goal, vision and scope are discussed. The member who attended this meeting should discuss the outcome with
every team member and provide the knowledge about the project goals. Doing this will improve the effective formal
communication within the team [84].

Team members should communicate constantly to improve communication [26]. Members can constantly communicate
by having daily meetings with their remote team members for discussing the issues. Apart from this, short message
service should be used extensively, project leads and key members should be available round-the-clock via their mobiles.
Despite of its burden on the individuals to be constantly available, this is considered as beneficial [26]. Communication
can also be improved by adjusting the work timings according to the remote sites. Sepulveda in [109] mentions from his
experiences: “we try to schedule the team lunches and dinners, particularly in conjunction with milestones and project
accomplishments. These interactions make the remote communication easier”.

While having daily standup meetings, it is encouraged to discuss only the information that is important for the team.
Other issues that are related to individual concerns can be discussed outside the meetings. Further, this preserves the
interest of team members in having effective communication during meetings [42].

Availability of people

To reduce the difficulty in communicating with remote teams, daily/weekly schedule of availability of each team
member should be accessible to the team. Based on this availability of members, pair programming and testing sessions
can be scheduled. This helps to share maximum amount of information within the teams [60].




Communication tool

Tool support is a superior option for establishing frequent interactions among team members distributed across
boundaries and to ease the knowledge sharing [54]. Typically, communication tools were employed by teams to establish
interactions among them. According to Cockburn’s effectiveness of communication media [132], face-to-face
communication scores highest effectiveness, followed by video conference, telephone and last, email. This
communication effectiveness measured using two attributes: “immediacy of the communication and feedback” ([111] pp.
86).

In distributed environments, video conferencing is highly reliable for having synchronous communication as this
facilitates quick feedback by enabling effective communication. It supports to know the gestures of members and make
easy to understand the point under discussion. Due to its wide range benefits, it is often recommend in distributed
environments [114]. Beside video conferencing, instant messaging (online chats), teleconferences are ideal for having
synchronous communication. At the times of difficulty in having synchronous communication (face-to-face or video
conferencing), emails can be opted as a superior option to have closed loop communication [133], though it is proved to
be less effectiveness, it is very helpful when there is big time zone difference between the sites.

Apart from these, collaboration tools like, wikis and discussion boards can also facilitate communication among team
members. Particularly, wikis are simple and easy to use as they can work with any browsers and are easy to set up [42].
All these tools can be used for having both formal and informal communication among the team members.

There are advantages and disadvantages in using both of these communication modes. The disadvantage of using
synchronous tools is that it does not allot enough time for individual to understand point under discussion and respond to
it, this is especially difficult for individuals having inadequate language skills and who are shy [111]. Advantage of using
asynchronous communication tools is that people are not interrupted from their actual work and can have sufficient time
to understand the point of conversation; this is especially beneficial for people who have a problem with understand the
language. Having proximity and immediacy between the communicators is difficult while using communication tools,
but this is an advantage while using synchronous communication tools [111]. As there are advantages and disadvantages
of both synchronous and asynchronous communication tools, the important thing is for team members to employ the
appropriate mode of communication under a situation and use them regularly to have effective communication [134]. An
aspect to be considered by project while have employing the communication tools is “cost’. Project has to make sure that
value gained through it is more or equal the cost associated with it [126].

Establishing multiple lines of communication will greatly improve the communication between teams. Having access to
multiple communication tools at a time, like instant messaging, teleconference, video conference, wikis and emails will
simplify the interactions within team members. For example, while having a daily standup meeting between the two sites
through video conferencing the conversation can go in this manner, “Site 1. We had an idea for that problem, I've just
jabbered you the URL for the wiki page that discusses our example code, see what you think. Site 2: Great! Let’s remote-
pair on this tomorrow” [113]. Another example for having multiple line of communication is, Scrum masters
communicating on status and task information and at the same time tech lead communicating on design and technical
information [70, 135]. This shows the smooth flow of information between the team members by simultaneously using
multiple lines of communication.

Language Bridges

Distributed agile teams can overcome the language issues by speaking in a manner that promotes clear communication
[84]. While having remote meetings using tools like audio conferences, team members cannot understand the accent of
other members making it difficult to understand what they are saying. At this situation, team members need to speak
slowly and deliberately than usual. This makes their English much better and further a clear communication happens
between team members.

While conducting daily standup meetings, the team will usually discuss about the three questions: 1) what was done since
the last meeting, 2) what will be done next and 3) what were the obstacles faced in executing the task. Different members
from different regions will involve in daily standup and they speak with different pace, understanding every members
language could be difficult. Therefore, it is more encouraged to communicate these three questions with remote team
members through emails before the standups. Doing this will overcome the language barriers [136], enables smooth
communication between the individuals and further shortens the time of meetings.
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Member from different regions refer to a word with different meaning, this raises confusion between the team members
while communicating. To avoid this and achieve a common understanding of meanings the team should have regular
discussions. Through these regular discussions, teams not only have an understanding of the language but also come to a
common understanding of the meaning of practices and principles being used [114].

Directness and Honesty

To ensure open communication within the team, it is encouraged to coach the team members with third party agile coach
[70], instead of a member from onsite. Team members will be more comfortable to open up with the coach who is
outside the project. Further this help the team to understand existing problems and introduce any changes.

Table 21- Mitigation strategies for communication

Mitigation categories Mitigation strategies ID Reference number

Appoint a communication M1 [26, 42, 110]
representative

Members of team should be
distributed between the countries that | M2 [84]
have smaller time zone difference

Discuss the outcome of meeting with

the rest of team members M3 [84]
o - Address thefmetrr1bers with his/her M4 [70]
Communication bridges Irst name

Communicate constantly M5 [26]

Adjust the work timings to make
communication easier with remote M6 [109]

teams
Discuss only important issues during

daily standup meetings to preserve M7 [42]

the interest of team members

Schedule of availability of each team
Availability of people member should be accessed to all M8 [60]
team members

Use tools like instant messaging,
wikis, email, video conferencing to M9 [42, 54, 59, 70, 84, 110]
facilitate effective communication

Employ the mode of communication
that is required for an activity, and M10 [134]
use them regularly

mmunication tool - -
Communication too Use video conferencing tool to

facilitate quick feedback loops M11 [114]
Use err;all for asynch_ron_ous closed M12 [133]
00p communication.
Establish mult_lple_ lines of M13 [40, 70, 113, 135]
communication
Speak slowly and deliberately while
communicating with other site M14 [84]

members.

Communicate the three questions
Language Bridges with remote team members prior to M15 [136]
actual stand-ups.

Make regular discussions to achieve a
common understanding M16 [114]

Coach the team members with third
Directness and honest party agile coach. M17 [70]




4.3.5.2. Trust
Table 22 shows that mitigation practices of trust that are grouped in to three categories: trust building, bridging staff,
open communication.

Trust building

In the beginning of the projects many key decisions will be taken, like project goals and requirements and it is important
that every team member need to know about this. All team members should gather at the beginning of the project
(normally offshore team members move to the onsite/customer site), typically for the first few sprints, this will not only
develop the awareness of the project but also build trust and rapport with in the team [42, 110, 113, 117]. This develops
the opportunity to understand the working style of each other and it is easy for the members to have effective interactions
after they returned to their respective sites.

Another practice to increase the trust among team members is that team should encourage the professional accreditation
of distributed team members [110]. This represents the credibility of team members and individuals could come to an
understanding that their “remote team members have qualifications, certifications, ethical framework and disciplinary
mechanisms to perform their duties” [110].

Before the meeting commence, all the team members are encouraged to discuss casual social issues or about the matters
that will be discussed in the meetings. Doing this will build and sustain trust in distributed agile teams [83] and “provide
the opportunity to express themselves clearly and team members understand well during the meeting” [84]. In addition
this formal nonverbal communication at meetings is encouraged to increase the use of informal communication between
team members because, as mentioned earlier at dependencies, informal communication will helps to build trust [84].
Members can casually discuss on phone to know things better. Informal communication is difficult for teams, who are
distributed across many time zones away and sometimes difficult due to language barriers, but “when teams deliberately
create the opportunities to communicate causally are able to develop strong teams” [84]. It is also important for team
members to engage in small talk to build trust, Sepulveda in [109] mentions that “if team members are likely to engage in
small talk then in small talk”. Small talk is type of information communication where team members have light informal
conversation.

Team should conduct activities for the identity of a one team across all locations to maintain trust and cooperation.
Activities like sharing a joke, cherishing successful moments of team members and encouraging non-business
communication can be practiced by team to have high levels of trust. Braithwaite and Joyce in [113], further mention on
this, “Let people play. A high level of trust is maintained resulting in fewer conflicts. When work related conflicts arise, a
joke can diffuse the tension”.

As it is difficult and expensive for distributed teams to have face-to-face communication, they should frequently make
use of video conferences. Because, as mentioned earlier, video conferences captures the body language of team members
and enables team members to maintain eye contact. Research of Bekkering and Shim on video conferencing [137], shows
that trust levels are high while using video conferences. Consistent with this, Dorairaj et al. [83] also presents that in
distributed agile teams frequent use of video conferences will help in building and sustaining trust.

Another practice of trust is building a common workspace where open office spaces should be created by removing the
individual workspaces/cubicles and repositioning the mangers, Scrum masters and leads in to a common workspace, this
attempts to break the hierarchical relationships and build trust [70]. Teams can try to create closer relationships by
maintaining the photograph of each team member and placing it on the wall [138]. Offshore and onshore team members
exchange the photographs of each other and while communicating with an individual from remote site via email/instant
messaging/teleconference he/she can recall his/her face to build up stronger connection.

Building trust is also possible by developing the stories across all sites. Trust can be built by developing the stories
(requirements artifacts) that applies to all markets across regions (sites); it is encouraged that stories should be developed
across all the regions in a round-the-clock manner [114]. This enables a common goal, thus team members would
collaborate with each other to reach their goal. The conversations like “if we need to get this done, then we need to do X
and Y, how about I do X and you finish Y help to construct common values and mutual trust [114].

Finally, as mentioned in challenges trust will break down between the sites as often one region (site) change the high-
level process without consulting other regions, to overcome this it should be ensured that no major process changes are
introduced without the agreement from all higher-level individuals (coaches) across the sites [114].
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Bridging staff

It is peculiar for management to frequently visit the remote site, as distance forced them to account only on computer
generated data, through which establishing human relationships is not possible. Management By Wandering Around
(MBWA) is an effective management practice for establishing personal contact between management and workers [111].
As this is not possible in distributed settings, management (communication representative, product owner and chief
architect) fly around the sites, this is termed as Management By Flying Around (MBFA) by Erran Carmel [48]. A
manager is travelled to a remote site for specific period of time, often called as ambassador, to educate remote team with
the process used by the project. The implicit advantage in sending an ambassador from one site to another site is building
a collaborative culture [110, 139] and mutual trust [139] between the team members. Ambassador visits to remote site
make local team members feel that “they are just like us” [113]. Therefore, the role of ambassador is important in
establishing trust within and across the teams.

Sandberg and Skaar[126], presented a practical tip for traveling between the onshore and offshore teams, which comprise
that while spending money on travel, team should spend for a long time, ideally for 2-4 weeks of time, to get familiar
with the people on another side. Furthermore accentuates that travel should not always be performed by managers, but
which is normal in reality. Team members travelling to other location improves bonding in the team, rather than manager
other member should be encouraged to travel to another locations. This is more evident in distributed agile teams. Some
part of the team members, like small group of developers and analysts, are travelled to remote site for a specified time
period. This can occur normally for first two to three sprints. Doing this team members will be collectively responsible
sprint deliverables and sprint review and retrospective meetings will become more effective [70] . Team members can
really know how to work together [40] and develop a sense of teamwork [140]. It is obvious that through this frequent
visits trust builds [113, 114, 134] and improved cultural understanding [59, 71, 141].

To make team visits more effective, a mentor should be appointed to each visitor which help visitor to get more focused
and become familiar with other team members’ expectations [116].

Open communication

Open communication is important to build trust [116]. When individuals discuss everything openly in the meetings, they
have a chance to be heard by every team member even their ideas are not in accepted direction. As individual is
expressing their opinions openly, team members will get to an understanding that he is not hiding anything and further
trust that individual. Scrum needs this type of communication, especially at sprint retrospectives because it needs healthy
conflict between team members that is easily achieved through open communication. Scrum masters are should take up
the responsibility in actively developing open communication [59].

Trust is also improved by conducting induction events when a new member is added to the project or when offshore and
onshore team members meet for a new project. When a new member joins the team he/she is introduced through video
conferences to remote team members [70]. Induction event involves sharing some personal information by asking
questions, like, what is your native place? What is your best childhood moment? When asked for this type of information
“member experiences the team is listening to him/her without ridicule or personal attack; and team had better
understanding of that individual ” [116]. This activity further helps team members to discuss openly about their work and
can trust each other.

Table 22- Mitigation strategies for trust

Mitigation categories Mitigation strategies ID Reference number
Bring te_am_members tog_ether at M18 [42, 110, 113, 117]
beginning of the project
Encourage professional accreditation
of team members to increase their M19 [110]
credibility
Have casual discussions among team
members before the scheduled M20 [83, 84]
Trust Building meeting
Increase the use of_mformal M21 [84]
communication
Team members should engage in M22 [109]
small talk
Build a common workspace M23 [70]
Maintain the photograph of each team M24 [70]
member
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Frequently make use of video M25 [83]
conferences
Conduct the activities for a single
team identity like. Sharing qjoke or | M26 [113]
cultural reference, encouraging non-
business communication.
Develop the stories across all sites to
maintain common goals and mutual | M27 [114]
trust
Do not change the major process
without agreement from all the M28 [114]
regions
Send an ambassador to other
region/site. M29 [110, 113, 114, 133, 139]
Bridging staff
Team members should perform [26, 40, 59, 70, 113, 114, 116,
exchange visits between sites M30 134, 141]
Conduct induction events. M31 [70, 116]
Open communication
Establish open c;gg;?umcatlon in the M32 [59, 116]

4.3.5.3. Culture

Cultural bridges

It is important for distributed teams to understand different cultures in order to work collectively. Understandings of
intercultural team relationships will significantly add to the success of distributed agile projects [83]. The understandings
should be at both individual level and national level (societal level) [9]. Through this awareness teams can work
collectively that progresses team towards cooperative behavior.

It is also through establishing prior working relationships a team can own a collective culture. In [26], authors from their
case study on three distributed agile companies presented that a team can possess collective culture by developing prior
working relationships with each other. This creates a high performance team which is an ultimate goal for a team. Table
23 shows the mitigations strategies of culture.

Table 23- Mitigation strategies for culture

Mitigation category Mitigation strategies 1D Reference number
Team members should have a deep
understanding of different cultures M33 [83]

Cultural bridges existing within the team

Establish the prior working

relationships among team members. M34 [26]

4.3.5.4. Team learning

Training

Training is important to learn the changes occurred in the team. Major changes that occur when team is distributed
among different sites are culture and language. Team should be properly trained in different cultures possessed in the
team to have a better understanding of each other [110]. Training should be given in the language, especially English,
being used by the team to address the language barriers [70]. This further helps to improve the English skills and to
communicate effectively in business meetings [116].

Apart from language and cultural trainings, distributed agile teams should be offered with an explicit training sessions on
the agile methods (Scrum, XP) being used. As for most of the team members, especially for offshore team members,
using agile methods is very new; they should have an awareness of agile practices. Learning agile practices by just
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sending the material is not sufficient [40], an agile coach should be allocated [70], or offshore members can learn by
travelling to onsite at the beginning of the project [40] [116]. Coach has a significant role in the global team; he/she helps
to adjust the local development team according to the new development process and helps to bring teams together [114].
Generally, coach can be hired by an offshore site or can be sent by onshore site [114] but it is highly recommended to
hire a third party agile coach (not a member from onsite or offsite) to ensure effectiveness of teams [70]. Table 24 shows
the mitigation strategies for team learning.

Table 24-Mitigation strategies for team learning

Mitigation category Mitigation strategies ID Reference number
Provide cultu_ra_l and language M35 [110] [70, 116]
trainings.
Training Brovide traini i hod
rovide training on agile methods M36 [40, 70, 114, 116]

being used to offshore members.

4.3.5.5. Ease of use of technology

Technical support

Easy use of technology is important for distributed agile teams to work effectively as they mostly bridge their
communication with technological support. By providing a common technological support, teams can share technical
project and organizational project knowledge according to the project requirements [54]. Table 25 shows the mitigation
strategy for ease of use of technology.

Table 25- Mitigation strategy for ease of use of technology

Mitigation category Mitigation strategy 1D Reference number
Provide technological support for
Technical support sharing technical and organizational | M37 [54, 135]
project knowledge.

4.3.5.6. Feedback

Decision making

In distributed team feedback is often delayed as the team members are dispersed across different time-zones. One side of
the team is stagnated by waiting for the decision to be made at another site. To avoid this, all sites should be equal with
members in terms of skills and numbers, this further enables the power of decision making to all sites that are involved in
the project by reducing the inter-dependencies [113]. As there is no delay in the decision, the team experience the flow
and all members feel engaged in team [113].

When a decision is made by an individual, every team member should be aware it. As most of the times in distributed
teams project manager/scrum master may not be available to respond to the queries asked by team members (especially,
by remote team members) , task- allocation process should be clear for team members to understand the rationale behind
each decision being made [25]. This helps team in understanding the feedback effectively. Table 26 shows the mitigation
strategies for feedback.

Table 26- Mitigation strategies for feedback

Mitigation category Mitigation strategies ID Reference number
Task allocation process should be
clear to make team members are M38 [25]
Decision making aware of decision being made.

Provide the power of decision

making to all sites. M39 [113]

4.3.5.7. Familiarity

In order to get familiar with the environment, project manager should familiarize the team members, especially
developers and client representatives, with process, tools and application being used [26]. This helps team to work
effectively as they have a sound knowledge of the functionality of the system under development. Beside this team
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members can get familiar with each other by regularly travelling to remote sites. Table 27 shows the mitigation strategy

for familiarity.

Table 27- Mitigation strategy for familiarity

Mitigation category Mitigation practice ID Reference number
Project manager should familiarize
Familiarity each team members with the process, | M40 [26]
tools and application being used.

4.3.5.8. Shared Leadership

Authority

For a team to share the leadership they should overcome the behavior of authority. This can be attained by employing
each site with equal size and technical skill level [114]. Moe et al. in [19], also suggested that team members should be
selected based on their technical, teamwork and leadership skills to advance the shared leadership behaviors within the
team. As team members are given equal responsibility they feel working towards one team goal and further achieve
cooperation [114]. Table 28 shows the mitigation strategy for shared leadership.

Table 28- Mitigation strategy for shared leadership

Mitigation category Mitigation strategy 1D Reference number
Balance the team by employing each
. site with equal size and technical skill
Authority level to achieve cooperation and one M4l [114]
team goal.
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5. Survey

Survey research method was employed to empirically validate the SLR results. Survey provides a “quantitative or
numeric description of trends, attitudes, or opinions of population by studying a sample of that population” [142].
Survey is an “comprehensive system for collecting information to describe, compare or explain knowledge attitudes and
behaviours” rather than just an instrument [143]. Though other empirical approaches like, case studies, experiments and
interviews are available they are not suitable because case studies are more suitable to make an in-depth investigation of
a situation [142], experiments are suitable to make a cause-effect of a situation for a certain period of time and interviews
are suitable to collect the qualitative data. As these empirical approaches are more suitable for in-depth investigation of a
situation, we have used survey to empirically validate the findings of SLR. Moreover, we used survey method
particularly for the reason to target a wide range of software industry practitioners working in distributed environments
while using agile methods. It further enables to collect the data within a short span of time with a reasonable budget
using the power of technology.

Following are the different activities that takes place along the survey process [143].

. Setting specific, measurable objectives

. Planning and scheduling the survey

. Ensuring that appropriate resources are available
. Designing the survey

. Preparing the data collection instrument

. Validating the instrument

. Selecting participants

. Administrating and scoring the instrument

. Analyzing the data

10. Reporting the results
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5.1. Setting specific, measurable objectives

The main objective of conducting the survey is to validate the teamwork factors, their dependencies, and challenges and
mitigation strategies with practitioners of distributed agile projects. This objective helps to systematically answer the RQ
3, which can be found in section 3.

5.2. Planning and scheduling the survey

It is necessary to plan the survey process for achieving the defined objective. A period of 14 days was taken to plan the
survey. Using the data from SLR, questions for the survey were prepared in multiple iterations to meet time and resource
constraints. Time box of one week was scheduled to get responses from the participants.

5.3. Ensuring that appropriate resources are available

It was ensured that appropriate resources were available prior to conduct of the survey. Main resources needed for this
survey are, contextual data and practitioners working in distributed agile projects. The contextual data includes the
teamwork factors, their dependencies, corresponding challenges and mitigation strategies which are available through the
results of SLR. The multi-national organizations using agile development methods in distributed projects were selected
prior to the survey design in order to meet the target population.

5.4. Designing the survey

The survey was designed to ideally reflect the reality of the situation by addressing all the issues raised by the defined
objective. According to [144], there are three design types, namely, cross-sectional, cohort (longitudinal) and case
control. Where, cross-sectional refers to collecting the responses from the participants over a specific period of time,
cohort refers to identifying the changes among the population that typically ranges from a week, a month and a year.
Finally, case control refers to collecting the opinions of participants about their previous experiences. This survey is of
cross-sectional case control type where the participants were asked over a period of time (one week) about their opinions
on teamwork factors and the challenges they have faced and mitigations practices they have implemented in their
distributed agile projects.

The questions in the survey were divided in to two parts, one being demographic and other being contextual. In
demographic part, a set of 13 questions were asked about the role, project information, agile methods used, agile
practices used (agile practices asked in the survey were taken from studies [58] and [17]) and distribution of team
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members. In contextual part, a set of questions were asked about the importance of TW factors, their dependencies and
corresponding challenges and mitigations strategies (refer to Appendix C for questions).

In the survey, challenges related to the team familiarity and team autonomy were added separately through the
researchers’ inference because they were not identified through SLR. Similarly mitigation practices to mutual
performance monitoring, shared leadership, team orientation, backup behavior and team autonomy were added. These
are presented along with the results of survey.

In the start of the survey, a participant is asked to select the top four most important TW factors among the 13 identified
factors. Following the selection, the survey is designed to show the challenges and mitigations related to the most
important TW factor selected by a participant instead of challenges and mitigations related to all TW factors. Further, for
validating the dependencies, statements reflecting the alternative hypothesis were asked to the participants. This was
done to preserve the survey within the time limit and further to preserve the interest of participants in answering the
questions. A standardized response format was used for every question related to challenges and mitigation strategies,
where the participants known the choices (answer options) for each question and do not have to take time to read the
choices carefully for every question [145]. Here, standard response format refers to using same answering options for
every question, like in our case, strongly agree, agree, neutral, disagree, and strongly disagree.

5.5. Preparing the data collection instrument

Different types of data collection instruments can be used, like, postal questionnaire, face-to-face interviews, telephone
surveys, and electronic or web-based surveys [146, 147]. For this survey, electronic/web-based survey is used as a data
collection instrument because it allows collecting the responses widely across the globe in a short span of time, which
may not be possible through other type of instruments. Postal questionnaire is a time taking process where participants
may feel less interested in filling out the questionnaire and send it back. Face-to-face interviews are highly impractical
for our case as it needs to meet the participants directly those are located across the globe. Telephonic surveys are also
less suitable for our case as it consumes time and participants may feel difficult to complete the survey without the help
of questionnaire. Hence, web-based survey is used to collect the data for the objective under investigation.

For formulating questions in the survey instrument, two ways can be used; open or closed [145]. Open-ended questions
offer an opportunity to known in-depth insights from the participants by removing the restrictions. But, the disadvantage
in using this type of questions is that participant may misinterpret the question though enough care was taken in
constructing the questionnaire and it allows a room to get irrelevant or confusing answers, moreover it is a time taking
process for the participant to write the answers. On the other hand, closed-ended questions allow the participants to
choose the answer from the available options and it is easy to analyze the results from closed-ended questions [145].
Considering the pros and cons of using these two types of questions, we have used both open-ended and closed-ended
type of questions for this survey. Closed-ended questions were used to elicit the demographic information of participants,
importance of teamwork factors, their dependencies and corresponding challenges and mitigations, while open-ended
questions were used to gather any new challenges and mitigations from the participants.

For answering the questions related to TW factors, we have used constant-sum scale type which is a form of closed-
ended question, where the participants were asked to prioritize the TW factors by distributing a total of 1000 points
among them. This can be clearly understood by looking the questionnaire at Appendix C. Constant-sum scale type is
assumed to be ratio measurement scale, which is powerful among all the other measurement scales (like, ordinal,
nominal and interval) because it is characterized by an absolute zero-point. Further, Likert-scale type was used to find
out the agreement between the dependencies of TW factors. The same is used to validate each challenge and mitigation
strategy of TW factors. Likert-scales are also called as summative scales. The entire questionnaire was designed using
an online survey tool, named ‘QuestionPro’ [148].

5.6. Validating the instrument
Validating or evaluating the survey instrument is often called as pre-testing, which consist of the following goals that are
in accordance with Kitchenham and Pfleeger [149]:

1. To check that the questions are understandable

2. To assess the likely response rate and the effectiveness of the follow-up procedures.
3. To evaluate the reliability and validity of the instrument.

4. To ensure that our data analysis techniques match the expected responses.

51



The questionnaire was pre-tested with the students having knowledge in global software engineering and with two
industry practitioners who are working in distributed agile projects. Table 29 details the refinement of survey
instrumentation, at first iteration one student and one industry practitioner were involved, it took about 30 minutes to
complete the survey and some wording issues were identified. Having this feedback from this iteration of pre-test, the
necessary modifications were made to the survey with the assistance of our supervisor. Further, second iteration of pre-
test was performed where one student and one industry practitioner were involved, who are different from that involved
in the first iteration, this was done to ensure the understandability of survey from the perspective of different people. At
this iteration, the average time was reduced to 15 minutes in completing the survey and understandability was improved
with a couple of wording errors. Having this acceptable time (15 minutes) of survey, we decided to not change the survey
design because further modification to reduce the time can hamper the overall objective.

Finally, to check the reliability of the survey, third iteration was conducted with an industry practitioner who is involved
in first iteration. If we achieve roughly the same distribution of results from second iteration and third iteration then it can
be concluded that reliability of survey is good [149]. However, results of this survey can be varied based on the
perception of an individual (as ordinal scale was used). Therefore, we have considered time and understandability
variables of the participants to check the reliability. It is found that the participant in the third iteration took roughly the
same time to complete the survey (17 minutes) compared to the participants of second iteration and the participant did
not find any difficulties in understand the questionnaire. Therefore, having this acceptable reliability, the survey
instrument was finalized such that it fulfills the objective, maintains the internal consistency and achieves the likely
response rate. Further, as we have used descriptive statistics to analyze the data, it was made sure that all the expected
responses match the analysis method being used.

Table 29- Refinement of survey instrumentation

First iteration

Second iteration

Third iteration

Participants involved in
pre-test

one student and one
industry practitioner

one student and one
industry practitioner

one industry practitioner

Survey design

Participants were asked to
rate all teamwork factors,
their dependencies,
corresponding challenges
and mitigation strategies.

Participants were asked to
rate all teamwork factors,
and then rate the challenges
and mitigation strategies
for the four most important
team work factors chosen
by them.

Participants were asked the
same questions that are
designed in the second

iteration.

Understandability

Participants did not
understand some questions
due to wording issues.

Improved understanding
since the issues identified
in first round were
rectified.

Participants did not found
difficulty in understanding
the questions.

Time to complete the
survey

Could have very low
response rate since the
survey took 30 minutes to
complete.

Time to complete the
survey reduced to 15
minutes

The survey time remained
to be 15 minutes
approximately.

5.7. Selecting participants

Participants for the survey should be selected to ideally reflect the population under investigation. Sampling of
population is divided into probability and non-probability sampling [150]. In probability sampling, every member of the
population has possibility to be included in the sample. Whereas in non-probability sampling, sample of participants are
selected based on the researchers judgment to fulfill the goals and objectives of the research.

The non-probability sampling is further divided into six sub types [150], they are, convenience sampling, most similar or
dis-similar sampling, typical case sampling, critical sampling, snowball sampling and quota sampling. Among them
convenience sampling was employed for this survey. Convenience sampling refers to a group of individuals who are
readily available to participate in a study. Participants working in distributed projects while using Scrum or XP methods
were selected. As we are investigating the teamwork, it is more ideal to include all the team members working in the
distributed agile projects rather limited to participants working in requirements, design or testing. While using the Scrum
or XP methods, different roles involved are programmer/developer, tester, coach, consultant, scrum master, product
owner, and customer. 75 practitioners were targeted as sample population holding these various roles such that it ideally
reflects the population under investigation.

52



5.8. Administrating and scoring the instrument

After selecting the sample population, the survey was executed i.e. participants were asked to fill out the questionnaire.
Participants working in distributed agile projects were contacted through e-mails and through a social-group (Agile
distributed delivery) of LinkedIn. An e-mail invitation was sent to all these selected participants requesting to participate
in the survey. Participants involved in the survey are from India, USA, UK and Nether lands. Due to the time constraints,
the execution period for survey is set to one week. Reminders were sent to the participants who have not taken up the
survey with the help of survey tool (QuestionPro). After expiry of the execution period, survey link was closed to further
analyze and report the results.

5.9. Survey validity threats

Six threats were identified to validity of the survey and its results.

Socially desirable responding

While using Likert-scale type there is threat that all the participants may answer more positive options for a question to
represent themselves under socially favorable light rather than being honest, this type of bias refers to socially desirable
responding [20, 151, 152]. We have taken enough precautions to reduce this threat by maintaining anonymity of
respondents such that they do not feel personally involved in giving answers thereby the respondents get a feeling of
secure and provide appropriate answers. Moreover, as we have used online-questioner rather than personalization the
participants feel neutralized.

Response rate

The number of participants involved in the survey sample was found to be not quite high to draw the effective
conclusions which could be a threat. However, quality of this sample is found to be high by comprising different range
of roles, like, CEO, agile coach, consultant, business analyst, project manager, scrum master, developer and tester, which
shows the complete representation of a distributed agile team and among this sample population 50 percent of the
respondents have greater than 5 years of experience which improves the credibility of the conclusions. This overall
quality of sample population helped to mitigate the threat of drawing conclusions with 52 respondents.

Quality of the survey instrument

It could be a threat if participant does not understand the terminology and the language used in the survey, to overcome
this threat the instrument was pre-tested in multiple iterations to figure out the errors and improve the layout of the
survey. Further participants involved in pre-test are both the students having knowledge in distributed software
development and the industry practitioners working in distributed agile projects. Furthermore, industry participants
involved in the pre-test were selected in such a way that they both possess high experience and naive experience working
in distributed agile projects; thereby understandability of survey instrument will be similar for the participants across
different range of experiences.

Instrumentation and selection bias

For the survey, threats to internal validity are instrumentation and selection. There is a threat with the consistency of
construction of instrumentation with the SLR results, which was reduced by preparing the instrumentation with close
reference to the SLR results. Additionally, definition for each TW factor was provided to the respondents of survey, to
preserve as homogenous understanding of TW factors as possible. Further, there is always a threat if the subjects for the
study under investigation are not selected randomly. However, we have reduced the selection bias by identifying the
participants from different organizations and from different countries with the help of LinkedIn and personal contacts.

Hypothesis testing

At validating the dependencies/testing the hypothesis, we have used only the positive or negative effect of the
dependencies in the survey instead of having the both. This can be threat to conclusion, because when the participant
answered with ‘strongly disagree’ to ‘neutral’ among the Likert scale options for question about the dependency, it
cannot be concluded that there is no positive dependency between the factors because there is a possibility to have either
negative dependency or no dependency at all. However, due to time constraints we have opted to have this one-sided
alternative hypothesis for survey.

Limited challenges and mitigations validation

As the survey was designed in a way where a participant answers the challenges and mitigations only for the TW factors
which he/she had prioritize instead of every participant answering all the challenges and mitigation strategies. This can
be threat in concluding with these impartial counts. However, in order to save the time for participants authors have

53



preferred this method. Further to reduce this threat, the most/least agreed, disagreed challenges and mitigations are sorted
out for each TW factor individually.

5.10. Analyzing the data and reporting the results

As the survey involved with the data of ordinal type (from questions related to dependencies, challenges and mitigations)
and ratio type (from questions related to importance of TW factors), descriptive statistics was used for analysis. A total of
83 participants responded to the survey, among them 26 participants dropped out in the middle; statistics of these
dropped participants can be seen at Appendix B. Before analyzing the survey data, responses should be checked against
their consistency and completeness [153]. Among the 57 completed responses five found to be inconsistent, in which one
participant was from the role of ‘Network Engineer’, as this particular role is not involved in the development of
distributed agile projects this response was removed in doing analysis. Further, two responses were removed for not
using any of the agile methodology (Scrum/XP) for the development and two responses were removed for answering the
contextual questions inconsistently i.e. all questions were marked with same option like, only with agree. Hence, 52
completed and consistent responses were used for the analysis. Among these 52 completed responses, 43 responses were
from our personal contacts and 9 responses were from a social-group (Agile distributed delivery) of LinkedIn. Following
are the statics of these 52 completed responses.

All the respondents involved in the survey were from different organizations that involved in developing distributed agile
projects. Figure 10 shows the participants’ statistics with respect to their roles, from which it can be observed that
different roles were involved right from developer, tester and scrum master to higher level management like, project lead,
development manager and CEO, further, agile coaches were also involved who are treated to have superior knowledge on
agile methods; this diverse range of roles enabled the collection of data from different perspectives which improved
credibility of the results.

Functional CEO,1__

manager, 1 _

PMO Manger,1___

Development
manager, 1

Projectlead, 1

Agile consultant,

Business analyst,2

Figure 10-Roles of the participants

Experience of the involved participants in software industry is ranging from less than two years to greater than 10 years.
20% of the participants found to be having greater than 10 years of experience, which improved the credibility of the
results. However, the participants experience in using the agile methodology was found to be quite moderate.

Table 30- Experience of participants

Experience Count of experience Count of experience in
working in software using agile methodologies
industry

Less than 2 years 15 (28%) 30 (57%)

Greater than 2 years but less than 5 years 11 (21%) 11 (21%)
Greater than 5 years but less than 7 years 12 (23%) 05 (10%)
Greater than 7 years but less than 10 years 04 (8%) 05 (10%)
Greater than 10 years 10 (20%) 01 (2%)

Total: 52 52
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Agile methods reported
Among the given agile methods, Scrum and XP, 32 participants (61%) reported to be using Scrum methodology for their

development, and 18 participants (35%) reported to be using the blend of Scrum and XP, while two participants (4%)
reported to be using XP methodology. These results of using agile methods in distributed environment are consistent
with the results of [16, 58].

Team size

Size of the team considerably effects interactions among the team members. As the team size increases interactions
among the individuals becomes more complex. In survey, different team sizes are reported. Figure 11 shows the
corresponding count across each team size. Most of the participants are found to be from team sizes of 5-10 (27%) and
10-20 (29%). Less number of participants found to be from team sizes of 20-30 (8%).

Team size

Figure 11- Different team size reported in literature

Distribution of teams
Most of the teams (83%) were found to be distributed across different sites that are involved in the project. 17% of the

teams found to be distributed by having local teams at each site, these types of teams are referred to loosely coupled
teams, where the former distribution of team type refers to tightly coupled teams. Intensive collaboration is needed for
tightly coupled teams and mainly coordination is needed for loosely coupled teams. This different team types represents
the tasks they perform, tightly coupled teams mostly perform collaborative tasks, while loosely coupled teams mostly
perform coordinative tasks. Moreover, 41 (79%) participants were working in offshore site and 11 (21%) participants
were working at onshore sites.

Time-zone differences

Time-zone differences between the team members can affect the interactions among them. From survey, different time-
zone differences were reported by the participants. 23 participants reported the time-zone difference between their teams
as 3:30 hours, 17 participants reported that the time-zone difference between their teams as 11:30 hours, 3 participants
each reported the time-zone difference as 10:30 hours and 4:30 hours respectively. 2 participants reported the time-zone
differences as 9:30 hours, and 1 participant each reported the time-zone difference between their teams as 5 hours, 6
hours, 7:30 hours and 12:30 hours respectively. It should be noted that these time-zone differences are compiled based on
the offshore site and onshore site locations of the participants.

5.10.1. Most important teamwork factors reported through survey

Among the 13 TW factors identified from literature, communication, coordination, trust and team learning were
identified as most important factors by the respondents. While mutual performance monitoring, team autonomy, ease use
of technology and collective culture found to be reported by least number of participants, Figure 12 shows the
corresponding count of each TW factor.

However, this count itself will not decide the importance of each teamwork factor therefore, Figure 13 can be referred for
distribution of the points among the TW factors; this distribution portrays the importance of each TW factor.
Communication was found to be given the top priority among the TW factors by distributed agile teams with a

55



distribution of total 12,110 points (23.3%) out of 52,000 points that were given to the participants, followed by
coordination with a total 8255 points (15.9%) being allocated. Trust is found to be having the third priority with a
distribution of 5140 points (9.9%), which is almost half when compared with the points given to communication. Team
orientation was found to be having the fourth priority with a distribution of 4950 points (9.5%).

Apart from top priority TW factors, team familiarity found to be least prioritized among the TW factors with a
distribution of 1570 points (3%), while ease of use of technology, team autonomy and collectivistic culture were a set of
TW factors least prioritized in a descending order after team familiarity with a distribution of 1700 points (3.3%), 1950
points (3.75%) and 2250 points (4.32%) respectively. Following closely with collectivistic culture, backup behavior got a
distribution of 2260 points (4.34%). Other than top and least prioritized TW factors, shared leadership, mutual
performance monitoring and feedback found to be moderately prioritized with a distribution of 2400 points (4.6%), 2525
points (4.85%) and 2670 points (5.1%) respectively.

Coordination i ] 34
Team Familiarity 10

Collectivistic culture :::I 9

Trust 20
Ease of use of Technology

Team Autonomy

i

Team learing 20
Backup Behavior 11
Feedback 11

Mutual Performance Monitoring _l_l 9
Shared Leadership _l_l_l 12

Team Orientation i i ] 14
Communication : : : : : : : 40
0 5 10 15 20 25 30 35 40 45
Figure 12- Count of teamwork factors
Distribution of points among TW factors
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Figure 13- Prioritization of teamwork factors

TW factors across different roles
As different roles were involved in the survey, it paves towards more reliable analysis if the TW factors were interpreted
across these roles. Figure 14 represents the count of each TW factor across different roles.

If observed from the figure, one can find that communication to be the top priority for almost every role, while
coordination was found to be the priority of the scrum masters, developer and quality analyst. Almost 83% of scrum
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masters, 71% of developers and 71% of quality analysts have selected coordination as the most important TW factor. As
individuals from these roles need regular interaction and as they are highly interdependent on each other for task
completion, this could be the reason for their selection.

Feedback (FB) was found to be the top priority for scrum masters’ than any other roles, as they require regular feedback
from all the team members to know the progress of the work and to estimate whether the tasks under execution will
accomplish the defined objective(s) or not, this can be the reason for the priority.

TW factors across different roles
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B Scrum Master 6 0 2 0 4 0 2 1 1 1 1 1 5
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M Business Analyst 2 1 0 1 0 1 1 0 0 0 0 0 2
B Quality Analyst (testing) 7 4 3 6 2 1 5 3 4 4 2 5 10
m Agile Coach 5 3 1 0 0 1 2 1 2 4 1 1 3
M Project Lead 0 1 1 0 0 1 1 0 0 0 0 0 0
M Development Manager 0 0 1 0 0 0 0 1 0 1 0 0 1
Consultant 2 0 0 0 0 0 1 0 1 1 2 0 1
B PMO Manager 1 0 1 0 0 0 1 0 0 1 0 0 0
mCEO 1 1 0 0 0 0 0 1 0 0 1 0 0
Functional Manager 1 0 0 0 1 0 0 1 0 1 0 0 0

Figure 14-Teamwork factors across different roles

Mutual performance monitoring (MPM) and team familiarity (TF) were found to be the highest importance for quality
analysts than any other roles, and backup behavior (BB) was found to be the highest importance for developers than any
other roles. The importance of TW factors, team orientation (TO), shared leadership (SL), team learning (TL) and
collective culture (CC) found to be moderate across different roles.

From the perspective of agile coaches, 83% (5 participants) have selected communication and 67% (4 participants) have
selected trust as important factors for successful distributed agile teamwork. Interestingly, none of the participants from
management roles (development manager, functional manager, project lead, PMO manager and CEO) have given any
importance for the TW factors, team familiarity, mutual performance monitoring and backup behavior because these
three factors are more important for the individuals who are more involved in development and regularly interact than the
management people.

TW Factors across different team size(s)

Interactions among the team members will be different across different team size. Members from small team size
establish more effective interactions among them when compared to team members from larger team size. Figure 15
shows selection of TW factors from members of different team sizes. Team sizes were categorized in to three types;
small, medium and large. Members from 0-10 is considered as small team size, members from 10-30 is considered as
medium team size and members greater than 30 is considered as large team size. In survey, a total of 24 participants were
from small team size, 19 participants were from medium team size and 9 participants were from large team size.
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Figure 15- TW factors across different team sizes

If observed from Figure 15, 84% (20 participants out of 24) of the participants from small team size have selected
communication as important TW factor for distributed agile teams, 79% (15 participants out of 19) of the participants
from medium team size have selected communication as important TW factor and 55% (5 participants out of 9) of the
participants from large team size have selected communication as important TW factor. This statistics shows that
communication was important across team sizes of small and medium when compare to large team size. As
communication among the large amount of members is not always possible, that would be the reason for the participants
from large team size to give a moderate preference to communication as important TW factor.

Team orientation (TO) found to be top priority for the participants from large team size, i.e. 78% (7 participants out of 9)
of participants from large team size selected TO as important for teamwork. Following this coordination (COD) found to
be the next top priority for the participants from large team size, i.e. 68% (6 participants out of 9) of participants from
large team size have selected COD as important for team work.

For the participants from medium team size, communication (COM) was found to be the top priority with 79% (15
participants out of 19) of selection, following to this coordination (COD) was found to be the next top priority with 63%
(12 participants out of 19) of selection. For the participants from small team size, communication (COM) was found to be
the top priority with 84% (20 participants out of 24) of selection, following to this coordination (COD) was found to be
the next top priority with 67% (16 participants out of 24) of selection.

For the participants from large team size, feedback (FB) and culture (CUL) were found to be least priority with 0% of
selection. For the participants from medium team size, familiarity was found to be least priority with than 1% (one
participant out of 19) of selection.

On whole, this analysis of TW factors across different team sizes shows that communication and coordination were the
top priority for almost all team sizes. In addition to this team orientation (TO) is a top priority TW factor for participants
from larger team size.

5.10.2. Dependencies between teamwork factors

Figure 16 shows the radar plot among the nine hypotheses that are formulated through literature findings; this radar plot
shows the mean value across each hypothesis. Additionally Table 31 shows the corresponding count for each hypothesis
across the answer options of Likert scale (i.e. strongly agree (SA), agree (A), neutral (NL), disagree (DA) and strongly
disagree (SDA)). Table shows the statements reflecting the alternative hypothesis that were formulated from SLR;
moreover it shows the positive effect or negative effect between the dependencies that were asked in the survey.
Variance for each hypothesis is calculated to known the agreement of the hypotheses. This is a useful measurement for
our case, particularly to find out the variance among the participants opinion on the dependency. Variance was calculated
using the following formula [20].
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Where, u is mean, and N refers to total number of participants involved in the survey.

The minimum and maximum value for variance can be 0 and 4 respectively. The variance between the two Likert scale
answers can be calculated as follows:

Assume, for a question A, one participant has selected the option ‘neutral’ and another participant has selected the option
‘strongly agree’. For neutral a value ‘3° was allotted and for strongly agree a value of 5 was allotted. Here, the value of
N is 2. The variance value of 1 can be identified from the below calculations.
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When observed from Table 31, low variance can be found for alternative hypothesis H3; (among all the hypotheses) with
a value of 0.41. This shows that open communication has a noticeable influence among the interactions of individuals in
distributed agile teams and it strongly impacts trust building. Following this is alternative hypothesis H6; which have low
variance with a value of 0.57, which shows that lack of trust among the team members will affect mutual performance
monitoring.

Apart from the hypotheses with highest agreement, alternative hypothesis H2, found to have least agreement among all
hypotheses with a variance value of 1.30, this shows that the positive dependency between informal communication and
trust is not highly valued by distributed agile teams unlike collocated agile teams; the reason for this could be the
temporal differences and boundary spanning between the team members of distributed agile teams. Following the
hypothesis H2,, alternative hypothesis H1; found to have least agreement with a variance value of 1.05. This shows that
effective formal communication among the team members cannot strongly impact the feedback.

As remaining hypothesis have a variance value less than 1.00, we consider them to be supported by the participants.
Therefore, the null hypotheses H3,, H4o, H5q, H6y, H7,, H8y and H9, were rejected by showing a dependency between
the respective TW factors. Alternative hypothesis H1, and H2, (refer section 3.3.3) were not supported because of the
high variance. However, we cannot conclude that null hypotheses, H1, and H2, were accepted, because there is
possibility of having either negative dependency between the factors or no dependency at all.

Table 31-Count of each hypothesis across the answer options of Likert-scale

Id. Hypothesis SA | A | NL | DA | SDA | Total | variance

H1;, | Formal communication is positively related to feedback. | 11 | 26 | 8 5 2 52 1.05

H2, Informal communication is positively related to trust. 13 |17 | 12 8 2 52 1.30

H3; Open communication is positively related to trust 21 | 26| 5 0 0 52 0.41

building.

H4, Open communication is positively related to cultural 17 | 27| 7 0 1 52 0.63
understanding.

H5, Trust is positively related to communication. 18 |24 | 7 2 1 52 0.82

H6, | Lack of trust is negatively related to mutual performance | 14 | 26 | 11 1 0 52 0.57

monitoring

H7, Lack of trust is negatively related to feedback 16 | 18 | 15 2 1 52 0.93

H8, Ease of use of technology is positively related to 10 | 25| 12 4 1 52 0.86
communication.

H9, Cultural understanding is positively related to trust 12 |24 | 14 2 0 52 0.65
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Agreement between the dependencies
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Figure 16-Agreement between the dependencies

5.10.3. Challenges and mitigations reported in the survey

5.10.3.1. Most agreed challenges and mitigations

Table 32 shows the most agreed challenges by all the participants involved in the survey. As the survey was designed in
a way to answer the challenges and mitigations for the TW factors that are prioritized by the participants, the count for all
the challenges and mitigations will not be the same. Hence, the most agreed challenges and mitigation were identified for
each TW factor separately. The percentage of agreement for each challenge represents number of participants agreed
(sum of strongly agree and agree) to a challenge (of a TW factor) by total number of participants answered to the
challenges of a TW factor. For example, take a trust challenge with S.no 5 in Table 32; a total of 20 participants have
selected this particular teamwork factor as important. Therefore the percentage of agreement for these trust challenge will
be 85%, i.e. 17 (number of participants agreed to a challenge) divided by 20 (total number of participants answered to the
challenge). It should be noted that a total count of participants answering communication, mutual performance
monitoring, backup behavior, and feedback challenges and mitigations will be more than the count of the participants
that have given importance to them because survey is designed in such a way that, if participant has given importance to
coordination then he/she will be redirected to the challenges and mitigations of these four TW factors. This was done
because successful coordination implies communication, mutual performance monitoring, backup behavior and feedback
[4,7].

Most agreed challenges for each TW factor can be seen in Table 32. This agreement represents the prevalent challenges
faced by the distributed agile teams. The ordering of challenges was done according to their identifiers and teamwork
factors rather than percentages.

Table 32-Most agreed challenges related to teamwork factors

Sno | ID Most agreed challenges TW factor Percentage of
agreement
1. C8 Lack of key member availability at crucial times Communication 56%
2. C10 No frequent communication with customer Communication 56%
3 C15 Inconsistent behaviours between offshore and onshore team Communication 56%
members
4. C16 Lack of team member awareness Trust 75%
C20
5. Reluctant to be transparent and open Trust 80%

60



6. c22 Lack of continuous face-to-face interaction among team Trust 85%
members
. Team

7. C29 Lack of team members commitment towards team goals . . 64%
orientation

8. C36 Differences of national cultures among team members Cg&'ﬁﬁtr':e 55%

9. C38 | Command and control view of management by team members Iei(?:rrser?ip 41%

10. C40 Improper knowledge on agile practices being used Team learning 55%

11 Differences in technological infrastructure between or among Ease of use of 550
' C42 distributed sites technology

unwillingness to resolve disagreements Mutual

12. C43 performance 62%

monitoring
C44 Imbalance of workload among team members as most of the Backup
13. - - - 54%
tasks are assigned to skilled labor behavior
14, Waiting for the actlpn/ demsmn made at another site due to Feedback 69%
C45 time zone differences

15. C52 Assigning people on more than one project at a time Team 55%
autonomy

16 Unable to meet remote team members due to physical Team 80%
' C53 dispersion of team across sites familiarity

As communication and trust hold more number of challenges than other TW factors, we have presented top three agreed
challenges for these two TW factor and one top most agreed challenge for remaining TW factors. Similar trend was
followed for representing mitigations strategies which can be seen in Table 33.

When observed from table, trust challenges were found to be mostly agreed than the challenges of other teamwork
factors. Same holds true for mitigation strategies. When compared to the percentage of agreement of challenges,
mitigations strategies have better percentage of agreement. Every mitigation strategy has a minimum highest percentage
of agreement i.e. 75%. While the minimum highest percentage of agreement for challenges is 41%. Corresponding count
for each challenge and mitigations strategy can be found at Appendix D.

Table 33-Most agreed mitigation strategies related to teamwork factors

Corresponding

Percentage of

Sno | ID Most agreed mitigation strategies TW factor agreement
1. M3 | Discuss the outcome of meeting with the rest of team members communication 83%
M6 Synchronize the work timings with remote teams to have —
2. - A communication 83%
effective communication
M9 Use tools like instant messaging, wikis, email, video Lo
3. - . . o communication 87%
conferencing to facilitate effective communication
4. M18 Bring team members together at the beginning of the project Trust 90%
5 M23 Build a common Workspacic:g?;iad of working in individual Trust 80%
6. M30 | Team members shOl_JI_d tra\_/el to other sites for a time period to Team familiarity 80%
get familiar with other team members
7. M32 Establish open communication within the team Trust 90%
8 Build a coheswe_team_culture by establishing prior working Collective culture 88%
M34 relationships among team members
9. M36 Providing training on aglle methods begin used to the team Team learning 80%
members(particularly for offshore team)
M37 Provide technological support for sharing technical and Ease of use of
10. 2 . 89%
organizational project knowledge technology
11 M38 | Task allocation process should be_clear to make_ team members Feedback 79%
aware of rationale behind every decision
12 M41 | Balance the team by emplc_)ymg gach site with equal size and Shared leadership 750
technical skill level
13, Collect input fro_m teammates while deC|d|r_19 ona final course Team orientation 93%
M48 of action to improve the team orientation
14. All team members should be aware of task and team Mutual 94%
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M49 responsibilities of each other to effectively monitor the performance
performance monitoring
15 Teammates need to be informed of each other’s work in order Backup behavior 86%
' M51 | to identify what type of assistance required at a particular time
16. M53 | Every individual of the t_eam should V\_lork_completely towards Team autonomy 88%
the project as a full-time job

5.10.3.2. Most disagreed challenges and mitigation strategies

Count for the disagreed challenges and mitigations found to be less when compared with the agreed ones. Table 34
present the most disagreed challenges. Challenges related to team orientation found to be mostly not agreed by the
participants, followed by communication and trust. One participant from the role of ‘agile coach’ has mentioned the
reason for not agreeing to a challenge related to trust. It is as follows:

“Conflict of opinions/ideas/decisions between team members: In a Scrum team, you have more experienced
guys than fresher’s, you expect to have healthy disagreement that should converge to a final resolution by the
end of meeting - Agile coach.

This statement indicates that healthy conflicts should be encouraged between the team members, such that it will result to
a fruitful discussion. However, sometimes depending up on the situation the conflicts can hamper the maintenance of

trust among the team members.

Unlike challenges less number of participants have disagreed with the mitigations strategies and none of the participants
found to be disagreed for the challenges and mitigations of team familiarity, team autonomy, feedback and mutual
performance monitoring. No disagreement was found for the mitigations related to team orientation, backup behavior,
team learning and collective culture. This shows that practitioners agree with the mitigations identified from the

literature.

Table 34- Most disagreed challenges related to teamwork factors

. Percentage of
S.no | ID Most disagreed challenges TW factor disagreement
1. C1 Unavailability of suitable communication tool. communication 37.5%
2. C5 Teams did not share a higher level common language. communication 37.5%
3. C12 Team members hiding the problems. communication 37.5%
4. Cc21 Presuming as incompetent Trust 30%
5. C23 | Conflict of opinions/ideas/decisions between team members Trust 30%
lack of team members commitment in attending remote
C30 Team
6. scrum . . 43%
- orientation
meeting
Unable to share a common vision and values due to the time
C31 Team
7 zone orientation 43%
differences and physical dispersion of team members’
lack of collective responsibility towards the team goals
C33 - Team
8. because some members performs only high level tasks to . . 50%
. S orientation
reflect their seniority
C44 | Imbalance of workload among team members as most of the Backup
9. - - - 27%
tasks are assigned to skilled labor behavior
10. - Team loosing resources (members) to other projects Team autonomy 67%
11 - Members outside the team |nfluencmg_|mportant operational Team autonomy 550
decisions of the project
Table 35-Most Disagreed mitigation strategies related to teamwork factors
S.no | ID Most disagreed mitigation strategies TW factor P_ercentage of
disagreement
Members of team should be distributed between the countries —
1. - . communication 29%
M2 that have smaller time zone difference
M19 Encourage professionals accreditation of team members to
2. : - L - trust 30%
increase their credibility with in the team
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5.10.3.3. Analysis of additional challenges and mitigations strategies

Participants in the survey have mentioned additional challenges that they have faced and mitigation strategies they used.
However, two of them were found to be same as the ones that were identified through the literature. One participant from
CEO role has mentioned a mitigation strategy for communication, which is as follows:

“Do regular co-location in both directions. People need to see each other”- CEO

This statement indicates that team members should perform regular visits to see each other, if recalled from the
mitigations strategies of trust one can find this same as the mitigation, “Team members should perform exchange visits
between sites”. Hence, this strategy was not considered as an additional one.

Another participant from developer role has mentioned a mitigation strategy for communication, which is as follows:

“Maintain onsite coordinator to available according to offshore timings to maintain effective communication
related to onsite issues” —Developer.

This statement indicates that an onsite coordinator should be appointed to bridge the communication between the
offshore and onshore sites. If recalled from the mitigation strategies of communication, one can find this same as the
mitigation strategy “appoint a communication representative” whose responsibility is to bridge the communication
between both the sites. Hence, this strategy was not considered as an additional one.

Excluding these duplicate ones, Table 36 and Table 37 present the additional challenges and mitigations respectively.
Description of each of these additional challenges and mitigation strategies is as follows, as much of the data is not
available about these ones expect their statements, we explain each challenges and mitigation based on our inferences.

Additional challenges

Be on track of overall HQ goals, this challenge refers to team orientation. When team members do not maintain overall
high quality goals then it would be difficult to maintain better team orientation. Here, high quality goals can refer to the
goals that are in interest to all the team members and the goals that directly connect to the requirements of the project.

Table 36- Additional challenges from the survey

ID
S.no Challenge Role of the participant TW factor
C46
1. “To be on track of the overall HQ goals” CEO Team orientation
2. car “Time management”’ Developer Mutual p'_erfqrmance
monitoring
Cc48 | . o .
lack of open and free communication with . Mutual performance
3. . Agile coach o
regards to feedback monitoring

“Implementing action items from Scrum of

3. Scrum Agile coach Team learning

C49 S
retrospectives

“It's more a lack of understanding agile
values than of understanding agile practices.
C50 | A monkey can learn the practices but actually

4. understanding and living by the value Agile coach Team learning
requires another level of awareness”
5 C51 | Sometimes improper working of t(iols such as Developer Communication

video conference...eftc.

Mutual performance monitoring requires time and consideration of team members; it can be a challenge when
individuals are not able to allocate the time to monitor the performance of their teammates, time zone differences will
further exacerbate the challenge. Additionally, lack of open and free communication at giving feedback to other team
members can affect mutual performance monitoring.
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Sprint/Scrum retrospectives are important for teams to learn the changes, they are more like a postmortem analysis,
where the team discusses about the sprint that was just completed and identifies the difficulties faced during the current
sprint in order to rectify them and execute the next sprint more productively. Further, scrum master prioritizes certain
action items for next subsequent sprints based on the team activities. Team members should be able to adopt these action
items to improve the productivity of next sprint. As team members go distributed it is not always possible to implement
these action items properly.

It is very challenging for the team members to learn the agile values. One participant mentions that, “It's more a lack of
understanding agile values than of understanding agile practices. A monkey can learn the practices but actually
understanding and living by the values requires another level of awareness”. The four agile values are core that steers
the agile practices, apart from understanding the agile practices team should be able to learn and live by the agile values
which is not an easy endeavor to achieve by the team members.

Distributed teams mostly rely on tools for regular interactions. If any technical problem occurs while using the
communication tools then communication problems can occur. For example, while using video conferences, different
problems like, poor quality of sound, background noise and connection problems can occur which restrict the team
members to effectively interact and sometimes this can cause frustration among the team members.

Additional mitigations

With the help of an agile coach, team can analyze the sprint burn down charts which are useful to track the progress of
the work and learn any changes. Moreover, agile coach can help the team in doing effective and crisp stand-ups with
proper training. Therefore, agile coaches play a prominent role in improving the team learning activities.

In order to achieve effective backup behavior within the team, team members should be made of dependent on each
other. When dependency among the team members increase, it is more likely that they backup each other in executing
their tasks. However, in distributed environments it is not always possible to direct team members dependent on each
other due to the time zone differences.

For effective mutual performance monitoring, teams should have a non-hierarchical structure, where every team member
is treated equally. When this type of structure is followed, members of the team will feel more responsible in monitoring
their teammate’s performance rather than thinking that team lead/scrum master will look at it out. This type of structure
is more encouraged for trust building too. Further, social gatherings that build team relationships and face-to-face
meetings will improve the mutual performance monitoring. However, these two activities are not always achievable for
distributed teams due to budget constraints.

Finally, to overcome the cultural difference and to possess a collective culture team, one of the participants specified that
co-location is favorable. Though, co-location of teams reduces the cultural differences, one has to expect that the nature

of distributed teams will not always allow in doing that.

Table 37-Additional mitigation strategies from the survey

S.no 1D Mitigation strategy Role of the participant TW factor
“Have an agile coach analyse your spring(t)
1. M42 burn down charts and help you in doing Agile coach Team learning

effective and crisp stand-ups”’

“Teams need to be made dependent on each

2. M43 other” Development manager Backup Behavior
“Face-to-face meetings between distributed Mutual Performance
3. M44 team members, social gatherings to build Agile coach o
- : ; X . monitoring
relationships, non-kierarchical team
4 M45 We favour co-location to overcome cultural CEO Collective culture

differences”

Apart from the additional challenges and mitigation strategies identified through surveys, as mentioned at survey design,
five challenges and eight mitigations strategies were added through authors’ inference for the TW factors that were not
reported in literature. Table 38 shows the challenges along with their percentage of agreement, a total of three challenges
were added for team autonomy and two challenges were added for team familiarity. When observed from the table, first 2
challenges related to team autonomy found to have high disagreement when compared to the other challenges. Due to the
high disagreement these two challenges were discarded and further ID was not assigned to these challenges. As




remaining challenges have an acceptable agreement by more than half of the participants of survey. They are assumed to
be prevalent for distributed agile teams and considered as additional challenges. The description of each of these
challenges is as follows.

Team autonomy

Due to the demand for the resources, management will often allocate the team members to more than one project. This is
especially the case with high-end roles like; scrum masters and project lead with whom the major decisions in the project
hold. When these individuals are not available when needed by the team members, there will be a stagnation of work
because the power of decisions was with these individuals. Regular occurrence of this notion can hamper the interest of
team members towards the goals. At some times this may lead to competing for team members [20].

Team familiarity

Due to the physical dispersion of team members across the sites, it is difficult to get familiar with the members on the
other side of the team. Adding to this, the time zone differences will also make it difficult to get familiar with each other
because as one side of the team works at different timings than that of the other side, the team members will not have the
chance to meet and interact synchronously. Further it does not provide any chance in getting familiar with each other.

Table 38- Challenges added through researchers’ inference

Percentage of
S.no | ID Challenges TW factor agreement/
disagreement
1 - Team loosing resources (members) to other projects Team 67%(disagree)
autonomy
- Members outside the team influencing important operational Team
2 decisions of the project 55% (disagree)
autonomy
3 C52 Assigning people on more than one project at a time Team 55% (agree)
autonomy
4 C53 Unable ép meet remote team meml?er (s) dl_Je to physical ngm_ 80%(agree)
ispersion of team across sites (regions) familiarity
5 C54 | Unable to get familiar with members of the remote team due Team 60%(agree)
to time zone differences familiarity g

Table 39 shows the added mitigation strategies along with their percentage of agreement and corresponding TW factors.
When observed from table, all mitigations found to be agreed by most of the participants. Therefore, all of these
mitigation strategies were assumed to mitigate the challenges faced by distributed agile teams and considered as the
additional ones. Description of each of them is as follows.

Ease of use of technology

A common IT infrastructure should be configured across all the sites where team is distributed; doing this not only eases
the usage of technology for members but also promotes better relationships with in the team. However, sometimes
budget cannot allow the project to build a common technological support, especially for outsourced projects that work
with another organization. But, through minimizing this barrier teams can experience a quality infrastructure which is
significant to successful collaboration among team members [111]. Easy access to the tools being used represents the
sound technical infrastructure.

Shared leadership

While teams are discussing about an activity/task in the Scrum of Scrum meetings or retrospective meetings, all the
individuals of the team should be provided with the decision authority. Whether the decision may or may not be valued,
the individual will feel that the team is listening to his voice and he/she will be more committed to perform the tasks [20].

Team orientation

When taking any important actions in the project, inputs from all the team members should be collected. Doing this team
members will get a feeling that they are working towards the team goals and further improves the team orientation with
in the team.

Mutual performance monitoring
In order to effectively monitor the performance of teammate, all the team members should first be aware of what tasks
and responsibilities the individual is holding with in the team. Moreover, it is necessary to establish open, trusting and
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cohesive team climate, because mutual performance monitoring must be accepted as a norm to improve the performance
of the team members rather than creating an opportunity to blame each other [4].

Backup behavior
In order to ensure that backup is available when needed, all the team members should informed of each other’s tasks.
Thereby, teammates can get an overview of what was actually needed to backup each other tasks.

Team autonomy

In order to avoid the regular transformations between the projects, all the team members should be made to work as a
full-time job from start to end of the project. Moreover, all the team members should ensure their total responsibility
towards the project, such that external management will not influence on the teams work plan [20].

Table 39-Mitigation strategies added through researchers’ inference

S.no ID Mitigation strategies TW factor Percentage of
agreement/disagreement

1. Common IT infrastructure should be established between the EUT 67%(agree)
M46 sites (offshore and onshore)

2. M47 Every team members should share decision authority SL 67%(agree)

3. Collect input from teammates while deciding on a final course TO 93% (agree)
M48 of action to improve the team orientation.

4. All the team members should be aware of task and team MPM 94%(agree)
M49 responsibilities of each other to effectively monitor the

performance

5. Open, trusting and cohesive team climate should be enabled MPM 94%(agree)

M50 for
effective mutual performance monitoring

6. Teammates need to be informed of each other’s work in order BB 86%(agree)

M51 | to identify what type of assistance is required at a particular
time.

7. All the team members must ensure their total responsibility TA 88%(agree)
M52 towards the project

8. M53 | Every individual of the team should work completely towards TA 88% (agree)

the project as a full-time job

6. Discussion

6.1. Comparison of SLR results with survey results

An interesting observation was drawn while comparing the teamwork factors of SLR with the survey results. Unlike trust
which is a prevalent and important factor for distributed teams in getting team members work together, communication
was found to be the top priority of distributed agile teams. As agile methods mostly rely on communication and the
values behind them indicate the significance of communication, it should be a reason for its top priority among the
teamwork factors of distributed agile teams. Besides communication, coordination was found to be next highly
prioritized TW factor of distributed agile team, as central theme of teamwork is coordination [12] one can expect it to be
the top priority in any software teams. An interesting observation was made with respect to trust where it is given with an
importance of almost half of the communication (i.e. trust was given with 5140 points while communication was given
with 12110 points). The reason for its less importance than communication, can be like this, as communication is more
encouraged in distributed agile teams there would be a reduced need to prioritize trust because intense communication
will always help the team in building and sustaining trust [83, 85].

Another interesting observation was made in relation to the importance of shared leadership. In agile literature, shared
leadership found to have prominent place because agile teams need to share the leadership among them to preserve the
self-organizing nature [19, 20]. But contrary to this, shared leadership was found to be not valued by distributed agile
teams (which got a total of 2400 points out of 52000 points); the reason for this could the boundary spanning of these
team which make it difficult to share leadership. However, it cannot be concluded whether it is not executable in
distributed agile environments without knowing the details of task distribution within the teams. Conducting a detailed
case study can help in investigating an in-depth applicability of shared leadership behavior in distributed agile teams.

If recalled from the analysis of TW factors in section 3.3.2, it was mentioned that every TW factor expect team autonomy
and backup behavior can be successfully executed in distributed agile teams. Consistent with the analysis, team
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autonomy and backup behavior was found to be reported with least importance by the participants. However, it should
also be noted that team familiarity and ease of use of technology were least prioritized among all TW factors, which
shows they are not potential determinants for teamwork of distributed agile teams.

Selection of TW factors across different roles also revealed interesting observations. Communication was selected almost
by every participant irrespective of their role, while coordination is mostly selected by the participants who are involved
in development and regularly meet each other (like, developer, quality analyst and scrum master). Almost every
participant from scrum master role has selected feedback as important.

Validation of dependencies (i.e. hypothesis) revealed that all dependencies except the dependencies from alternative
hypothesis H1; and H2; were supported through survey. However, it cannot be concluded that null hypothesis for these
two are true because there is a possibility of having either negative dependency or no dependency at all. However from
this disagreement one can say that effective formal communication will not always provide effective feedback and
informal communication between the team members will not always build trust. Moreover, it can be inferred that there is
a strong dependency between open communication and trust, open communication and cultural in having successful team
interactions.

A total of 45 challenges and 41 mitigation strategies identified through SLR were validated with surveys. All of them
were found to be prevalent in the distributed agile teams. In addition, six challenges and four mitigation strategies were
identified through surveys which were not revealed from SLR. Among the five challenges and eight mitigation strategies
that are added in survey through researcher’s inference, three challenges and eight mitigation strategies were found to be
agreed by the practitioners (two challenges of team autonomy found to be most disagreed by the participants, hence these
are discarded). Therefore, excluding the disagreed ones, a total of 54 challenges and 53 mitigation strategies were
identified together from SLR and survey. In survey, the percentage of agreement for mitigations strategies was found to
be high. This shows that all the mitigation strategies identified through literature are helpful in alleviating the challenges
that arise when teams work together.

6.2. Mapping of challenges to mitigation strategies

There will be situation where a challenge from communication can be addressed by a mitigation strategy of trust and a
challenge from trust can be addressed by a mitigation strategy of communication. To address this type of situation, a
mapping was done where challenge is mapped to the corresponding mitigation strategies. Table 40 shows the mapping of
challenges to corresponding mitigation strategy. The mapping is based on both literature findings and through
researchers’ inference. Furthermore, mapping was based on the inferences of dependencies (hypothesis) identified
through literature.

If observed from the Table 40, there are challenges that can be addressed by more than one mitigation strategy. For
example, challenges with S.no 10, 11 and 12 can be addressed by three mitigation strategies. Similarly, there are
mitigation strategies that can mitigate more than one challenge, for example, the mitigation strategy “Establish open
communication in the team” can mitigate the challenges with S.no 4, 10, 11, 18, 19, 20, 24. And, there are 5 challenges
with no mitigation strategies found. The mapping also includes the additional challenges and mitigation strategies that
were identified through survey; in the table these are represented with italics fonts to differentiate from the ones that were
identified through literature. Ordering of challenges was done according to the teamwork factors.

Table 40- Challenges and corresponding mitigation strategies

S.no Communication challenges Corresponding mitigation strategies
e  Use tools like instant messaging, wikis, email, and
- . I video conferencing to facilitate effective
Unavailability of suitable communication o
1. tool. communication. o _ _
e  Employ the mode of communication that is required for
an activity, and use them regularly.
2. Miscommunication among team members. *  Builda common workspace.
e  Speak slowly and deliberately while communicating
3 Lack of proper conduct of remote with other site members.
' conferences. e  Communicate the three questions with remote team
members prior to actual stand-ups.
Unwilling to communicate with other team e  Establish open communication in the team.
4. member.
5. Teams did not share a higher level common e  Provide cultural and language trainings.
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language. e  Communicate constantly.
6. Poor knowledge of English skills. e Provide cultural and language trainings. (here, language
7 English not being a native language for trainings will apply)
' every member.
Lack of key member availability at crucial * Balance the tea”.“ by employin_g each site Wi.th equal size
8. times. and technical skill level to achieve cooperation and one
team goal.
o Lack of availability of team members at e  Schedule of availability of each team member should be
. specific times. accessed to all team members
e  Establish open communication in the team
e  Send an ambassador to other region/site
10. Offshore team members hiding the e  Team members should perform exchange visits between
problems. sites.
e  Bring team members together at beginning of the
project.
e  Establish open communication in the team.
1 Offshore team members not accustomed to Bring team members together at beginning of the
' provide feedback. project.
e Coach the team members with third party agile coach.
e  Speak slowly and deliberately while communicating
12 Inconsistent behaviours between offshore with other site members
' and onshore team members. e  Establish the prior working relationships among team
members.
] ] ] e  Use tools like instant messaging, wikis, email, and
13, | Sometimes improper working of tools such video conferencing to facilitate effective
as video conference...etc. communication.
14. | No frequent communication with customer. -No mitigation(s) found-
15 lack of proper customer relationship due to -No mitigation(s) found-
' process over people oriented control
16 Information hiding by the customer -No mitigation(s) found-
' organization due to the political issues
Trust challenges and corresponding mitigation strategies
17. Lack of team member awareness. e Bring team members together at beginning of the
18. Lack of team bonding. project.
Send an ambassador to other region/site.
10. Feeling of not belonging to one team. e Team members should perform exchange visits
between sites
20 Fear of making mistakes. e  Conduct induction events
' e  Establish open communication in the team.
21 Reluctant to be transparent and open. e  Establish open communication in the team
. . Conduct induction events.
22. Presuming as incompetent. e  Establish open communication in the team.
e  Bring team members together at beginning of the
23 Lack of continuous face-to-face interaction project.
' among team members. e Team members should perform exchange visits between
sites.
Conflict of opinions/ideas/decisions among Establish open communication in the team.
24 team members. Make regular discussions to achieve a common
' understanding.
e Increase the use of informal communication.
Changing the process without the e Do not change the major process without agreement
25. acknowledgement of other regions. from all the regions.
Lack of common understanding among e  Make regular discussions to achieve a common
team members. understanding.
26. Send an ambassador to other region/site.

Increase the use of informal communication.
Establish open communication in the team.

68



Lack of informal communication.

Increase the use of informal communication.
Have casual discussions among team members before

27 the scheduled meeting.
e  Team members should engage in small talk.
Inattention of team members at long e  Have casual discussions among team members before
meetings. the scheduled meeting
28. ) - . . .
e  Discuss only important issues during daily standup
meetings to preserve the interest of team members.
Lack of open communication. e  Establish open communication in the team.
e  Bring team members together at beginning of the
29 project.
' e  Team members should perform exchange visits between
sites.
e  Send an ambassador to other region/site.
Collective culture challenges and corresponding mitigation challenges
30. Lack of awareness of cultural differences. e  Establish the prior working relationships among team
members.
e  Team members should have a deep understanding of
different cultures existing within the team.
e  Provide cultural and language trainings.
31. Cultural differences at national and e  Provide cultural and language trainings.
individual level. e Encourage co-location to overcome cultural differences
32. Conflict of cultural believes among team e  Encourage co-location to overcome cultural differences
members to have collective ownership of e Team members should perform exchange visits between
work. sites
e Awareness of intercultural team relationships.
e  Provide cultural and language trainings.
Shared leadership challenges and corresponding mitigation strategies
33 Command and control view of management e  Balance the team by employing each site with equal size
' by team members. and technical skill level to achieve cooperation and one
team goal.
e  Every team members should share decision authority
Face-to-face meetings between distributed team
Specialist behavior over generalist members, social gatherings to build relationships, non-
34. behavior. hierarchical team. (Here, non-hierarchical team can
mitigation the challenge).
Team learning challenge and corresponding mitigation strategies
35. Improper knowledge on agile practices e  Provide training on agile methods being used to
being used. offshore members.
e  Make regular discussions to achieve a common
understanding.
36. Implementing action items from Scrum of e Have an agile coach analyse your spring (t) burn down
Scrum retrospectives charts and help you in doing effective and crisp stand-
ups.
37. It's more a lack of understanding agile e  Provide training on agile methods being used to
values than of understanding agile offshore members (this trainings include understanding
practices. A monkey can learn the practices of agile values t00).
but actually understanding and living by the
values requires another level of awareness
(lack of understanding of agile values)
Ease of use of technology challenges and corresponding mitigation strategies
38. Unfamiliarity of the infrastructure at other e  Project manager familiarize with each team members
sites. with the process, tools and application being used.
e Common IT infrastructure should be established
between the sites (offshore and onshore).
39. Differences in technological infrastructure e Common IT infrastructure should be established
between or among distributed sites. between the sites (offshore and onshore).
Team orientation challenges and corresponding mitigation strategies
40. Lack of commitment towards team goals. e Build acommon workspace

Develop the stories across all sites to maintain common
goals and mutual trust
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e  Collect input from teammates while deciding on a final
course of action to improve the team orientation

41. Lack of commitment in attending remote Build a common workspace
scrum meetings e  Have casual discussions among team members before
the scheduled meeting
e Increase the use of informal communication
42, Unable to share a common vision of goals e  Team members should perform exchange visits between
sites
e  Develop the stories across all sites to maintain common
goals and mutual trust.
e Do not change the major process without agreement
from all the members.
Build a common workspace.
Collect input from teammates while deciding on a final
course of action to improve the team orientation
43. Individual goals over team goals. e  Develop the stories across all sites to maintain common
goals and mutual trust
e Do not change the major process without agreement
from all the members.
e  Every team members should share decision authority
44, Lack of collective responsibility towards e  Balance the team by employing each site with equal size
the team goals due to seniority. and technical skill level to achieve cooperation and one
team goal
45, Unavailability of resources at all times to -no mitigation(s) found-
have collective ownership.
46. To be on track of the overall HQ goals -no mitigation(s) found-
Mutual performance monitoring challenges and corresponding mitigation strategies
47. unwilling to resolve disagreements e  Make regular discussions to achieve common
understanding
e  All team members should be aware of task and team
responsibilities of each other to effectively monitor the
performance
48. lack of open and free communication with e Increase the use of informal communication.
regards to feedback e Establish open communication in the team.
49, Time management -no mitigations found-
Backup behavior challenges and corresponding mitigation strategies
50. Imbalance of workload among team e  Balance the team by employing each site with equal size
members and technical skill level to achieve cooperation and
one team goal.
e  Teams need to be made dependent on each other
Teammates need to be informed of each other’s work in
order to identify what type of assistance required at a
particular time
Feedback challenge and corresponding mitigation strategies
e  Task allocation process should be clear to make team
51 Waiting for the actions or decisions made at members are aware of decision being made.
' another site e  Provide the power of decision making to all sites.
e Every team members should share decision authority
Team autonomy challenges and corresponding mitigation strategies
52. | Assigning people on more than one project e  Every individual of the team should work completely
at a time towards the project as a full-time job
Team familiarity challenges and corresponding mitigation strategies
53. | Unable to meet remote team members due e Team members should travel to other sites for a time
to physical dispersion of team across sites period to get familiar with other team members
54, Unable to get familiar with members of the

remote team due to time zone differences

e  Team members should travel to other sites for a time
period to get familiar with other team members
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7. Summary

Through this study the gap of teamwork in the context of distributed agile software development was addressed. An SLR
and industrial survey were used in driving towards the purpose. Further, revisiting the research questions present how the
purpose was achieved.

RQ 1: What is reported in state-of-the-art literature regarding various factors that enhance teamwork of globally
distributed teams while using Scrum and XP agile practices?

A total of 13 teamwork factors (i.e. team orientation, shared leadership, mutual performance monitoring, backup
behavior, feedback, team autonomy, team learning, coordination, communication, trust, collective culture, ease of use of
technology, team familiarity) were identified through the aid of a systematic literature review from both agile software
context and distributed software context. Further all these 13 teamwork factors were analyzed against the agility and
virtualness dimensions of global agile team configuration, which assisted in evaluating the applicability of each
teamwork factor across global (distributed) agile software teams.

RQ 1.1: What dependencies exist among the identified teamwork factors?

The data on dependencies between the teamwork factors was extracted through systematic literature review. Further,
grounded theory was applied over the extracted data to systematically identify and analyze the dependencies. After
analyzing the data, a set of nine dependencies between the teamwork factors were identified in the context of distributed
agile software development. Each of the dependency between the teamwork factors were formulated as a hypothesis
(refer section 3.3.3) to validate it across the surveys.

RQ 2: What are the challenges and mitigation strategies available in state-of the-art literature related to teamwork factors
identified through RQ 1?

The data on challenges and mitigation strategies of teamwork factors (identified through RQ 1) was extracted through
systematic literature review. Further, grounded theory was applied over the extracted data to systematically analyze the
challenges and mitigation strategies. After analyzing the data from SLR, a total of 45 challenges and 41 mitigation
strategies were identified related to the teamwork factors in the context of distributed agile software development. The
description of challenges and mitigation strategies are presented in section 3.3.4 and section 3.3.5 respectively.

RQ 3: Which teamwork factors and their dependencies identified through RQ1, challenges and mitigation strategies
identified through RQ 2 are confirmed in state-of-practice?

A set of 13 teamwork factors, nine dependencies, 50 challenges and 49 mitigations strategies (five challenges and eight
mitigation strategies are added through researchers inference for the teamwork factors with no challenges and mitigations
from literature) related to the teamwork factors in the context of distributed agile software development were given as an
input to the survey. A total of 52 completed and consistent responses were gathered through survey, the roles of the
participants involved in the survey and the description about their project information (team size, distribution of teams) is
provided in section 4.

From survey, communication, coordination, trust and team orientation (in descending order) were reported as the four
most important teamwork factors of distributed agile teams, while team familiarity, ease of use of technology, team
autonomy and collective culture (in descending order) are reported as the four least important teamwork factors. Among
the 9 hypothesis (dependencies), H1; and H2; were reported with high disagreement (with a variance values of 1.03 and
1.30 respectively) and H3,; and H6, were reported with high agreement (with a variance values of 0.41 and 0.57
respectively). The description of these results is provided in section 4.10.2.

All 50 challenges and 49 mitigation strategies were identified by at least by one participant. This shows that all the
challenges and mitigation strategies identified through literature were faced by the practitioners of distributed agile
teams. When compared with the challenges, the percentage (count) of agreement for the mitigation strategies is quite
high. This shows that distributed agile teams are currently utilizing the strategies that were reported in the state-of-the-
art. Additionally, 5 challenges and 4 mitigation strategies were reported by the practitioners of distributed agile teams
that were not reported in the state-of-the-art.

RQ 4: What are the similarities and differences between the results obtained from state-of-the-art and state-of-practice?

A similarity was identified while comparing the importance of team autonomy of agile teams with distributed agile
teams. In agile literature, team autonomy is always identified with a least score by agile teams [19, 20], consistent with
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their findings, in this study team autonomy was also reported to be of least importance by practitioners of distributed
agile teams. However, a wide divergence was identified with respect to shared leadership, in literature it is repeatedly
mentioned that shared leadership is a crucial factor for successful agile teams [19, 20], but it is found to lose its
importance in distributed agile teams. Another interesting observation was made with respect to trust, unlike the prime
importance of trust in distributed environments, it is found to have a third priority from the practitioners of distributed
agile teams towards the successful teamwork. Apart from this it was also evident that team familiarity and ease of use of
technology got least importance among all the teamwork factors which further indicates that they may not be potential
determinants of successful distributed agile teamwork.

As aforementioned, positive dependencies between formal communication and feedback, informal communication and
trust identified at state-of-the-art were not supported at state-of-practice. However, it cannot be concluded that their holds
a negative dependency between these set of factors because there is a possibility of either having a negative dependency
or no dependency at all, which should be more deeply investigated by conducting a case study.

All the challenges and mitigation strategies embedded in the survey were identified by the participants. Additionally, five
challenges and four mitigation strategies were identified through survey. Among the five challenges and eight mitigation
strategies that were added through researchers’ inferences, two challenges (of team autonomy) found to be disagreed by
majority of the respondents. Therefore discarding these disagreed ones, a total of 54 challenges and 53 mitigation
strategies of teamwork factors in distributed agile context are identified through both state-of-the-art and state-of-
practice.

Therefore through this systematic investigation of teamwork in distributed agile teams, it is concluded that this study has
uniquely contributed to the field of distributed agile software development by presenting a consolidated view of
teamwork factors of distributed agile teams along with their dependencies and corresponding challenges and mitigation
strategies. The identified teamwork factors will help in facilitating the effective interactions among the distributed agile
teams. The effective interactions will help in improving the team performance [7, 14, 65], therefore through this
contribution of teamwork factors, distributed agile teams will experience an improved performance.

7.1. Future work

As an extension to this study an industrial case study can be conducted under the ideal situations of distributed agile
teams. Moreover, a longitudinal case study paves a more reliable path in investigating the successful interactions among
the team members.

Different teamwork factors influence the team at different times of the development, therefore investigating the
teamwork factors across their timing and its influence on the team performance can be considered as a future work.

Furthermore, as mentioned earlier that literature findings did not merit in identifying all the dependencies between the
teamwork factors, an explicit investigation on exploring these dependencies is deserved. An industrial case study can be
preferred in doing so.

As every participant involved in the survey was not allowed to answer the challenges and mitigation strategies of all 13
teamwork factors, a future research can be conducted using industrial survey that completely dedicated on validating all
the challenges and mitigation strategies.

As another possible future direction, the challenges and mitigations strategies identified through this study can be more
deeply validated within the industrial settings to get more information about the usability and reliability of the identified
ones. Furthermore, as there were a limited number of challenges and mitigation strategies identified for the teamwork
factors, like, team autonomy, team familiarity and ease of use of technology, an industrial case study will help in
revealing the challenges and mitigation strategies that are were not reported in state-of-the-art literature.
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Appendix B-Drop-out analysis

Last completed question by participant Count Cumulative %
Introduction about the survey 5 (19%) 19%
Which of the following agile methods does your project use for development? | 9 (35%) 54%
Are you working at onshore site or offshore site? 3 (12%) 65%
How your team is distributed between onshore site and offshore site? 3 (12%) 7%
Select the top four important teamwork factors that are extremely important 1 (4%) 81%

for successful distributed agile teamwork

Please indicate your agreement between the following set of dependencies 5 (19%) 100%

among teamwork factors in distributed agile teams

Total

26 (100%) | 100%




Appendix C- Survey Questionnaire

Demographic Information
1.  What is your current role in the project?*

o  Scrum master o

Business analyst o Quality Analyst
(Testing)
o Adgile coach o Product owner o Project manager
o  Consultant Other (please
specify)
2. How many years of experience do you have working in software industry?*
| select your experience range |
3. How many years of experience do you have in using agile practices/methods?*
| select your experience range |
4. Which of the following agile methods does your project use for development?*
o  Scrum o  eXtreme Programming o both Scrum and XP
(XP) practices
Other (please [ ]
specify)
5. A).Which of the following Scrum practices does your project use for development?*
O Product backlog O Effort O  Sprint 0O  Sprint planning
estimation meeting
O  Sprint backlog 0O  Daily scrum O  Sprint review 0O  Sprint
meeting meeting retrospective
meeting

O  Sprint O  All the above

retrospective

5. B). which of the following XP practices does your project use for development?*

O Planning game O  Short/small O  Metaphor
release
O  Testing O Refactoring O  Pair-
programming

O Continuous O  40-hour week O  Onsite
integration customer

O Open work O  Justrules O  All the above
space

5 C). which of the following agile practices does your project use for development?*

O  Stand-up O  Sprints O  Continuous
meetings integration
O Retrospectives O Pair O  Sprint
programmin review/demo
g
O  Scrum of scrums O Backlogs O  Unit/integration
testing
O Refactoring O  Planning O  Use stories
game

6. In which organization you are currently working?

7. In which country your organization is located?*
[ --Select-- |

8.  Are you working at onshore site or offshore site?*
o  Offshore site o  Onshore site

O  Simple design

O Collective
ownership

O Coding
standards

O  Sprint
planning
O  Testdriven
developme
nt
O Coding
standards
Others (please

specify)




9. If onshore site, please specify where your offshore site(s) are located?*

10. On which type of software applications does your team currently working/developing?
| --select-- |

11. What is the duration of project that you are currently working with?
| --select--

12. What is your currently working team size?*
| --select-- |

13. How your team is distributed onshore site and offshore site(s)?*
o  Members of the team distributed across all the sites
o Local teams are located each site

Other (please specify how your team is distributed )

Contextual Questions
1. Select the top four teamwork factors that are extremely important for successful distributed agile teamwork. (You

can refer to a short definition provided along with each teamwork factor)*

O Team Autonomy ( It is the external influence of management and other individuals on the activities of
the team)

O Coordination (It refers to team members executing their activities in a timely and integrated manner
and it is linked to the performance of teams)

O Feedback (It involves providing information regarding other member’s performance, requesting input
or guidance regarding performance of self and to accept positive and negative information regarding
performance)

0O  Backup Behavior (It is ability to shift work load among the team members to achieve balance at the
time of high work load and it is also includes anticipating other team members’ need through accurate
knowledge about their responsibilities)

O Communication (It involves the exchange of information between two or more team members in the
prescribed manner and using appropriate terminology)

0O  Mutual Performance Monitoring (It is the ability to develop a common understanding of the team
environment and apply appropriate task strategies to accurately monitor team-mate performance)

O  Collectivistic culture (It refers to individuals from different culture working collectively towards team
goals)

O Shared Leadership (It involves providing direction, structure, and support for other members and
transfer of leadership according to key knowledge, skills and abilities, shared decision authority)

O Team Familiarity (It refers to knowledge about the other member of a team)

O Team learning (It involves ability to identify the changes in the team environment and adjust the
strategies as need)

O Ease Use of Technology (It involves ability of using both synchronous and asynchronous
technologies to facilitates the communication between the team members)

0O Team Orientation (It reflects an acceptance of team norms, the level of group cohesiveness, and the
belief in

O the importance of team goal’s over individual member’s goals)

O  Trust (It is shared collection of beliefs that team members will perform their actions which are agreed
a prior and protect the interest of their team members)

2. Prioritize the following teamwork factors (that you have selected in the previous question) by distributing a total of
1000 points among them. The higher points a teamwork factor gets, greater is its importance.
Please Note: You cannot allocate same points to more than one factor*

Team Autonomy

[ ]
[ ]
Feedback [ ]
Backup Behavior [ ]

Values must add up to 1000

Coordination




3.

Please indicate your agreement for the following set of dependencies among teamwork factors in distributed agile
teams

Strongly | Dis Neutral | Agree | Strongly
disagree | agree disagree
| feel effective formal communication in the team improved o o o o o
effective feedback
| feel effective informal communication in the team helped o o o o o
to build trust
| feel open communication in the team helped to build trust o o o o o
| feel open communication in the team helped to improve o o o o o
the cultural understandings
| feel trust within the teams improved communication o o o o o
| feel lack of trust within the team affected mutual o o o o o
performance monitoring
I feel lack of trust within the team affected feedback o o o o o
| feel easy use of technology improved communication o o o o o
within the team
| feel cultural understandings within team improved trust o o o o o

Mutual performance monitoring challenges
Please indicate your agreement for the following challenge that your distributed agile team face in relation to
mutual performance monitoring?

Team members avoiding accountability of each other task (Here, accountability
refers to the willingness of team members to call their peers on performance) *

--Select-- |

Please specify, if your distributed agile team faced any other challenges related to mutual performance monitoring

Mutual performance monitoring mitigation practices

Please indicate your agreement for the following mitigation practices to address the challenges related to mutual
erformance monitoring in distributed agile teams?

All team members should be aware of task and team responsibilities of each other
to effectively monitor the performance * | --Select-- |

Open, trusting and team cohesive team climate should be enabled for effective
mutual performance monitoring * | —-Select-- |

Please specify, if any other mitigation practices related mutual performance monitoring in distributed agile teams

Backup Behavior challenges

Please indicate your agreement for the following challenge that your distributed agile team face in relation to
backup behavior?

Imbalance of workload among team members as most of the tasks are assigned to

skilled labor * | --Select--

Please specify, if your distributed agile team faced any other challenges related to backup behavior

Backup behavior mitigation practices

Please indicate your agreement for the following mitigation practices to address the challenges related to Backup
behavior in distributed agile teams?

Avoid imbalance by employing each site with equal size and technical skill level

* | --Select-- |
Teammates need to be informed of each other’s work in order to identify what

type of assistance required at a particular time * [ —-Select-- |

Please specify, if any other mitigation practices related backup behavior in distributed agile teams

Feedback challenges

Please indicate your agreement for the following challenge that your distributed agile team face in relation to




feedback?

Waiting for the action/ decision made at another site due to time zone differences
*

| --Select--

Please specify, if your distributed agile team faced any other challenges related to feedback

Feedback mitigation practices

Please indicate your agreement for the following mitigation practices to address the challenges related to feedback

in distributed agile teams?

Task allocation process should be clear to make team members aware of rationale

*

behind every decision

| --Select--

Provide the power of decision making to all sites *

| --Select--

Please specify, if any other mitigation practices related feedback in distributed agile teams

Team Autonomy challenges

Please indicate your agreement for the following challenge that your distributed agile team face in relation to

feedback?
Team loosing resources(members) to the project *
| --Select-- |
Assigning people on more than one project at a time *
| --Select-- |
Members outside the team influencing important operational decisions of the
project * | --Select-- |

Please specify, if your distributed agile team faced any other challenges related to team autonomy

Team Autonomy mitigation practices

Please indicate your agreement for the following mitigation practices to address the challenges related to team

autonomy in distributed agile teams?

All the team members must ensure their total responsibility towards the project *

| --Select--

Every individual of the team should work completely towards the project as a
full-time job *

| --Select--

Please specify, if any other mitigation practices related to team autonomy in distributed agile teams

Communication challenges

Please indicate your agreement for the following challenge that your distributed agile team face in relation to

feedback?

Unavailability of suitable communication tool. *

| --Select-- |
Miscommunication among team members *

| --Select-- |
Lack of proper conduct of remote conferences (video or teleconferences) *

| --Select-- |
Unwilling to communicate with other team member *

| --Select-- |
Poor knowledge of English skills. *

| --Select-- |

\




English not being a native language for every member *

--Select-- |
Teams did not share a higher level common language.(not having same meaning
for the words being spoken) * --Select-- |
Unavailability of team(s) members at crucial time of the project *

--Select-- |
No frequent communication with customer *

--Select-- |
Lack of proper customer relationship due to process over people oriented control
* --Select-- |
Team members hiding the problems. *

--Select-- |
Information hiding by the customer organization due to the political issues *

--Select-- |
Inconsistent behaviours between offshore and onshore team members
( for example, members of one region will be timid and careful while members of --Select-- |
other region will be loud and direct in expressing their opinions) *
Offshore team members not accustomed to provide feedback*

--Select-- |

Please specify, if your distributed agile team faced any other challenges related to communication

Communication mitigation practices

Please indicate your agreement for the following mitigation practices to address the challenges related to

communication in distributed agile teams?

Appoint a communication representative who shares the missed communication

with the team members * --Select-- |
Members of team should be distributed between the countries/regions that have
smaller time zone difference * --Select-- |
Discuss the outcome of meeting with the rest of team members (particularly for
inception meetings) * --Select-- |
Address the members with his/her first name *

--Select-- |
Establish multiple lines of communication *

--Select-- |
Communicate constantly *

--Select-- |
Synchronize the work timings with remote teams to have effective
communication * —-Select-- |
Discuss only important issues during daily standup meetings to preserve the
interest of team members * --Select-- |
Schedule of availability of each team member should be accessed to all team
members * —-Select-- |
Use tools like instant messaging, wikis, email, video conferencing to facilitate
communication * —-Select-- |
Employ the mode of communication t (synchronous and asynchronous) that is
required for an activity, and use them regularly * --Select-- |
Use video conferencing tool to facilitate quick feedback loops *

--Select-- |
Use email as an asynchronous closed loop communication mode *

--Select-- |
Speak slowly and deliberately while communicating with other site members *

--Select-- |
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Communicate the three questions with remote team members prior to actual

standups using emails * | --Select-- |
Make regular discussions to achieve common understanding *

| --Select-- |
To ensure honest communication, coach the team members with the remote team
members * | --Select-- |

Please specify, if any other mitigation practices related to communication in distributed agile teams

Team orientation challenges

Please indicate your agreement for the following challenge that your distributed agile team face in relation to team

orientation?

Lack of team members commitment towards team goals *

| --Select-- |
Lack of team members commitment in attending remote scrum meeting *

| --Select-- |
Prioritizing individual goals over team goals *

| --Select-- |
Unable to share a common vision and values due to the time zone differences and
physical dispersion of team members’ * | --Select-- |
Lack of collective responsibility towards the team goals because some members
performs only high level tasks to reflect their seniority * | --Select-- |
Unavailability of resources at all times to have a collective ownership *

| --Select-- |

Please specify, if your distributed agile team faced any other challenges related to team autonomy

Team Orientation mitigation practices

Please indicate your agreement for the following mitigation practices to address the challenges related to team

orientation in distributed agile teams?

Collect input from teammates while deciding on a final course of action to
improve the team orientation *

--Select--

Please specify, if any other mitigation practices related to team autonomy in distributed agile teams

Team learning challenges

Please indicate your agreement for the following challenge that your distributed agile team face in relation to team

learning?

Lack of training in agile practices being used in the project *

--Select--

Please specify, if your distributed agile team faced any other challenges related to team learning

Team learning mitigation practices

Please indicate your agreement for the following mitigation practices to address the challenges related to feedback

in distributed agile teams?

Provide cultural and language trainings to work effectively with remote team

members
*

--Select-- |

Providing training on agile methods begin used to the team members(particularly,
for offshore team) *

--Select-- |

Please specify, if any other mitigation practices related to team learning in distributed agile teams
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Shared leadership challenges
Please indicate your agreement for the following challenge that your distributed agile team face in relation shared
leadership?

Command and control view of management by team members *

| --Select-- |

Specialist behavior over generalist behavior of the team members in the team *

| --Select-- |

Please specify, if your distributed agile team faced any other challenges related to Shared leadership

Shared leadership mitigation practices
Please indicate your agreement for the following mitigation practices to address the challenges related to share
leadership in distributed agile teams?

Balance the team by employing each site with equal size and technical skill level
* | --Select-- |

Every team members should share decision authority *

| --Select-- |

Please specify, if any other mitigation practices related to shared leadership in distributed agile teams

Trust challenges
Please indicate your agreement for the following challenge that your distributed agile team face in relation to trust?

Lack of team members awareness *

| --Select-- |
Lack of team bonding *

| --Select-- |
Feeling of not belong to one team *

| --Select-- |
Reluctant to be transparent and open while communicating with other team
members * | --Select-- |
Presuming as incompetent *

| --Select-- |
Lack of face-to-face interaction between team members *

| --Select-- |
Inattention of team members at long meetings *

| --Select-- |
Lack of open communication in between team members *

| --Select-- |
Conflict of opinions/ideas/decisions between team members *

| --Select-- |
Changing the major process of the project without acknowledgement of other
regions * | —-Select-- |
Lack of common understanding among team members *

| --Select-- |
Lack of informal communication *

| --Select-- |

Please specify, if your distributed agile team faced any other challenges related to trust

Trust mitigation practices
Please indicate your agreement for the following mitigation practices to address the challenges related to trust in
distributed agile teams?




Bring team members together at the beginning of the project *

| --Select--
Encourage professionals accreditation of team members to increase their
credibility with in the team * | --Select--
Have casual discussion among team members before the scheduled meeting *

| --Select--
Increase the use of informal communication *

| --Select--
Team members should perform exchange visit between sites *

| --Select--
Build a common workspace instead of working in individual rooms *

| --Select--
Maintain the photograph of each team member *

| --Select--
Frequently make use of video conferences *

| --Select--
Team members should engage in small talk *

| --Select--
Conduct the activities for a single team identity like, sharing a joke, cultural
difference or encouraging non-business communication * | --Select--

Develop the user stories across all the sites to maintain common goals and mutual

trust * | --Select--

Do not change the major process without agreement from all the regions *

| --Select--
Send a team member for each team as an ambassadors to other region/sites *

| --Select--
Allocate a mentor for each visitor visiting the offshore/onshore teams *

| --Select--
Establish open communication within the team *

| --Select--
Conduct induction events *

| --Select--

Please specify, if any other mitigation practices related to trust in distributed agile teams

Familiarity challenges
Please indicate your agreement for the following challenge that your distributed agile team face in relation to
familiarity?

Unable to meet remote team member (s)due to physical dispersion of team across

sites * | --Select--
Unable to get familiar with members of the remote team due to time zone

differences * | --Select--

Please specify, if your distributed agile team faced any other challenges related to familiarity

Familiarity mitigation practices
Please indicate your agreement for the following mitigation practices to address the challenges related to
familiarity in distributed agile teams?

Team members should travel to other sites for a time period to get familiar with

other team members * | --Select--

Team members should increase the use of informal communication *

| --Select--

Project managers should familiarize every team member with the process, tools

and application being used * | --Select--




Please specify, if any other mitigation practices related to familiarity in distributed agile teams

Collective culture challenges
Please indicate your agreement for the following challenge that your distributed agile team face in relation to
collective culture?*

Differences of national cultures among team members

| --Select-- |
Differences of individual cultures in conducting the work

| --Select-- |
Lack of understanding of cultural differences among team members

| --Select-- |
Conflict of cultural believes among team members to have collective ownership
of work * | --Select-- |

Please specify, if your distributed agile team faced any other challenges related to collective culture

Collective culture mitigation practices
Please indicate your agreement for the following mitigation practices to address the challenges related to collective
culture in distributed agile teams?

Team members should have deep understanding of different cultures existing
within the team * | --Select-- |

Build a cohesive team culture by establishing prior working relationships among
team members * [ --Select-- |

Please specify, if any other mitigation practices related to collective culture in distributed agile teams

Ease of use of technology challenges
Please indicate your agreement for the following challenge that your distributed agile team face in relation to ease
of use of technology?

Difference in technology infrastructure between/among distributed sites *

| --Select-- |

Unfamiliarity of the technical infrastructure at other sites *

| --Select-- |

Please specify, if your distributed agile team faced any other challenges related to ease of use of technology

Ease of use of technology mitigation practices
Please indicate your agreement for the following mitigation practices to address the challenges related to ease of
use of technology in distributed agile teams?

provide technological support for sharing technical and organizational project
knowledge * | --Select-- |

Common IT and infrastructure should be established between the sites(offshore
and onshore) * | --Select-- |

Please specify, if any other mitigation practices related ease of use of technology in distributed agile teams

Would you like to comment/suggest something on this survey:

Thank You
Invite Friends/colleagues To Participate
Your | | Name:

Your Email Address: | |
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Email address of your friends/colleagues (one per line)

Appendix D- Count of each challenge and mitigation strategy across Likert scale options

Team Orientation challenges SA| A | NL | DA | SDA | Total
Lack of team members commitment towards team goals 4 5 1 4 0 14
lack of team members commitment in attending remote scrum meeting 1 3 4 5 1 14
Prioritizing individual goals over team goals 3 6 2 3 0 14
Unable to share a common vision and values due to the time zone differences
. . . X 2 3 3 5 1 14
and physical dispersion of team members
lack of collective responsibility towards the team goals because some members
: . L 14
performs only high level tasks to reflect their seniority
Unavailability of resources at all times to have a collective ownership 1 0 14
Team orientation mitigations
Collect input from teammates while deciding on a final course of action to
- . : 4 9 1 0 0 14
improve the team orientation
Mutual performance monitoring challenges
Team members avoiding accountability of each other task | 3 ]20[ 8 [ 5 1 37
Mutual performance monitoring Mitigations
All team members should be aware of task and team responsibilities of each
- ; 22 | 13| 2 0 0 37
other to effectively monitor the performance
Open, trusting and team cohesive team climate should be enabled for effective
L 16 | 19 2 0 0 37
mutual performance monitoring
Team learning challenges
Lack of training in agile practices being used in the project 1 110 2 6 1 20
Team learning Mitigations
Provide cultural and language trainings to work effectively with remote team
members 2 |12 ] 5 1 0 20
Provide training on agile methods begin used to the team members(particularly
7 9 3 1 0 20
for offshore team)
Backup behavior challenges
Imbalance of workload among team members as most of the tasks are assigned
to skilled labor 7 |13 9 7 1 37
Backup behavior mitigations
Avoid imbalance by employing each site with equal size and technical skill level | 6 | 20 | 7 4 0 37
Teammates need to be informed of each other’s work in order to identify what
. . . - 15 | 17 4 1 0 37
type of assistance required at a particular time
Feedback challenges
Waiting for the action/ deC|S|or_1 made at another site due to time zone 1018 7 5 0 39
differences
Feedback Mitigations
Task allocation process should be clear to make team members aware of
rationale 14 | 17 5 3 0 39
behind every decision
Provide the power of decision making to all sites 10 |17 ] 11 1 0 39
Team autonomy challenges
Team loosing resources(members) to the project 2 1 0 4 2 9
Assigning people on more than one project at a time 2 3 1 2 1 9
Members outside the team influencing important operational decisions of the 1 3 0 4 1 9
project
Team autonomy mitigations
All the team members must ensure their total responsibility towards the project 3 5 1 0 0 9
Every individual of the team should work completely towards the project as a
A 5 3 1 0 0 9
full-time job
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Shared Leadership challenges

Command and control view of management by team members 0 5 3 4 0 12
Specialist behavior over generalist behavior of the team members in the team 0 4 7 1 0 12
Shared Leadership mitigations

Balance the team by employing each site with equal size and technical skill level | 2 7 2 1 0 12
Every team members should share decision authority 2 6 4 0 0 12
Familiarity challenges
Unable to meet remote team members due to physical dispersion of team across
sites 5 3 2 0 0 10
Unable to get familiar with members of the remote team due to time zone
. 2 4 3 1 0 10
differences
Familiarity mitigations
Team members should travel to other sites for a time period to get familiar with
5 3 2 0 0 10
other team members
Team members should increase the use of informal communication 3 4 3 0 0 10
Project managers should familiarize every team member with the process, tools
C : 2 4 0 0 10
and application being used
Collective culture challenges
Differences of national cultures among team members 2 3 2 2 0 9
Differences of individual cultures in conducting the work 0 4 3 2 0 9
Lack of understanding of cultural differences among team members 1 4 3 1 0 9
Conflict of cultural believes among team members to have collective ownership
1 4 2 2 0 9
of work
Collective culture mitigations
Team members should have deep understanding of different cultures existing
. 2 5 2 0 0 9
within the team
Build a cohesive team culture by establishing prior working relationships among 1 7 1 0 0 9
team members
Trust challenges
Lack of team members awareness 5 | 10| 2 2 1 20
Lack of team bonding 7 8 2 3 0 20
Feeling of not belong to one team 3 9 6 2 0 20
Fear of making mistakes 4 [10] 3 2 1 20
Reluctant to be transparent and open while communicating with other team 4 12! 2 5 0 20
members
Presuming as incompetent 2 10| 2 5 1 20
Lack of face-to-face interaction between team members 6 | 11| 2 1 0 20
Inattention of team members at long meetings 5 7 5 3 0 20
Lack of open communication in between team members 3 ]10] 5 2 0 20
Conflict of opinions/ideas/decisions between team members 1 9 5 5 0 20
Changing the major process of the ;r)gg{g(r:]g without acknowledgement of other 2> 11| a 2 1 20
Lack of common understanding among team members 1 (10| 7 2 0 20
Lack of informal communication 5 10 4 1 0 20
Trust mitigations
Bring team members together at the beginning of the project 7 11 2 0 0 20
Encourage professionals accreditation of team members to increase their
AR 1 ]11] 2 4 2 20
credibility with in the team
Have casual discussion among team members before the scheduled meeting 1 111 ] 7 1 0 20
Increase the use of informal communication 5 8 5 2 0 20
Team members should perform exchange visit between sites 8 8 4 0 0 20
Build a common workspace instead of working in individual rooms 8 8 4 0 0 20
Maintain the photograph of each team member 0 9 8 2 1 20
Frequently make use of video conferences 7 9 4 0 0 20
Team members should engage in small talk 6 6 7 1 0 20
Conduct the activities for a single team identity like, sharing a joke, cultural
. X . R 5 10 4 1 0 20
difference or encouraging non-business communication
Develop the user stories across all the sites to maintain common goals and 4 110 5 1 0 20
mutual trust
Do not change the major process without agreement from all the regions 4 |12 3 1 0 20
Send a team member for each team as an ambassadors to other region/sites 5 |11 ] 4 0 0 20
Allocate a mentor for each visitor visiting the offshore/onshore teams 2 10| 7 1 0 20
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Establish open communication within the team 9 9 2 0 0 20
Conduct induction events 3 |13] 4 0 0 20
Ease of use of technology challenges
Difference in technology infrastructure between/among distributed sites 1 4 1 2 1 9
Unfamiliarity of the technical infrastructure at other sites 1 3 1 3 1 9
Ease of use of technology mitigations
provide technological support for sharing technical and organizational project
2 6 1 0 0 9
knowledge
Common IT and infrastructure should be established between the sites(offshore
6 0 2 1 0 9
and onshore)
Communication challenges
Unavailability of suitable communication tool. 8 | 17| 5 15 3 48
Miscommunication among team members 13 | 12 | 12 9 2 48
Lack of proper conduct of remote conferences 4 | 21| 13 6 4 48
Unwilling to communicate with other team member 5 |18 | 13 | 10 2 48
Teams did not share a higher level common language. 8 |11 | 11 | 14 4 48
Poor knowledge of English skills. 6 | 13 | 12 | 13 4 48
English not being a native language for every member 7 |11] 13| 11 6 48
Unavailability of team(s) members at crucial time of the project 6 | 21| 11 8 2 48
No frequent communication with customer 10 |17 ] 9 12 0 48
lack of proper customer relationship due to process over people oriented control 5 20| 11 | 12 0 48
Team members hiding the problems. 7 |15] 8 16 2 48
Information hiding by the customer organization due to the political issues 6 |17 ] 13 | 11 1 48
Offshore team members not accustomed to provide feedback 6 | 13| 13 | 14 2 48
Inconsistent behaviours between offshore and onshore team members 6 |21 ] 10 | 10 1 48
Communication mitigations
Appoint a communication representative 7 |12 ] 17 | 10 2 48
Members of team should be dllstrlbuted bgtween the countries that have smaller 7 112 15 | 13 1 48
time zone difference
Discuss the outcome of meeting with the rest of team members 14 | 26 | 8 0 0 48
Address the members with his/her first name 14 | 16 | 15 2 1 48
Communicate constantly 23 | 17 | 7 1 0 48
Synchronize the work timings W|tr_1 remote teams to have effective 13 | 27| 8 0 0 48
communication
Discuss only important issues during daily standup meetings to preserve the 20171 9 5 0 48
interest of team members
Schedule of availability of each team member should be accessed to all team 11 124 | 12 1 0 48
members
Use tools like instant messaging, wikis, gma}ll, video conferencing to facilitate 25 | 17 6 0 0 48
communication
Employ the mode of communication that is required for an activity, and use 61221 9 1 0 48
them regularly
Use video conferencing tool to facilitate quick feedback loops 17 | 18 | 11 1 1 48
Use email as an asynchronous closed loop communication mode 14 | 18 | 11 5 0 48
Establish multiple lines of communication 16 | 16 | 10 5 1 48
Speak slowly and deliberately while communicating with other site members 11 | 20 | 15 2 0 48
Communicate the three questions with remote team members prior to actual 8 | 19| 13 8 0 48
standups.
Make regular discussions to achieve common understanding 15123 ]| 9 0 1 48
To ensure honest communication, coach the team members with the remote 12117 14 3 5 48

team members

Appendix E- Terminology used in the thesis

Key Terms Definition

TW Factor (s) It denotes a component that represents the teamwork.

TW Challenge(s) | Problems or issues that distributed agile team members face in relation to the teamwork that could

affect the interactions among the team members.

TW Mitigations Solutions that alleviate the challenges and facilitate smooth interactions among the team members and

strategies further improve teamwork of distributed agile teams.

Dependencies Denotes a relationship between two teamwork factors, the teamwork factors can be positively or

negatively related to each other.

Distributed agile Denotes a team that works on distributed agile projects or a distributed team that uses agile practices for

team their development.
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