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ABSTRACT 
 
 

 
Context: Software development in a setting in which the development sites are dispersed 
across geographical areas, either close proximity or globally, is fast becoming a widespread 
trend. This software development arrangement is also known as Global Software 
Development (GSD) or Distributed Software Development (DSD) or Global Software 
Engineering (GSE). Projects executed by a dispersed team have been noted as a more risky 
and challenging venture than projects run with teams under the same roof. Therefore the 
knowledge of the potential challenges and the probable mitigation strategies for GSD is vital 
for running a successful project.  

Objectives: The study entails the identification of GSD related challenges as well as their 
mitigation strategies. The collected challenges and mitigation strategies are later compiled 
into checklists. The developed checklists can be incorporated into risk management process 
particularly risk identification and risk mitigation planning. 

Methods: This research extends an existing systematic literature study conducted on 
empirical research on GSD, which was based on a review of publications from 2000 to 2007. 
The previous research is incorporated in this research and, in addition, papers between 2007 
and 2009 are reviewed. In contrast to the previous research was aimed at gathering empirical 
evidence in GSD, however in this research the focus is specifically on challenges associated 
with GSD projects as well as the mitigation strategies that can be employed.  An industrial 
survey was also conducted to validate the checklists and determine if the identified 
challenges and mitigation strategies were pervasive in industry. Furthermore interviews were 
also conducted to further validate the usefulness and usability of the developed checklists. 

Result: As a result, from the systematic literature review for publications between 2000 and 
2009, a total of 48 challenges and 42 mitigation strategies were identified and placed in two 
separate categorized checklists. These challenges and mitigation strategies are elaborated in 
this paper. From the survey result, no additional challenges and 4 strategies were identified 
in the survey. Meanwhile from the interviews, all interviewees reported that the checklists 
are useful and easy to use.  

Conclusion: The absence of new challenges being identified from the study did not merit a 
conclusion that all possible challenges in GSD have been revealed. Therefore we conclude 
that more empirical research still needs to be done on identifying the challenges and 
mitigation strategies associated with GSD settings. Furthermore the checklists can be useful 
and valuable in identifying challenges and the potential mitigation strategies for 
communication, control and coordination mechanisms in distributed software development 
projects.  

 
 

Keywords:Global Software Development, Systematic 
Literature Review, Distributed Software Development. 
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1 INTRODUCTION 

The wave of business globalization has influenced how we develop software. 
Developing software is no longer just about engineers tied to their workstations in one 
collocated site. Nowadays, software developing organizations have adapted global software 
development (GSD) with distributed development sites. GSD or also known as Global 
Software Engineering (GSE) or Distributed Software Development (DSD) can be defined as 
developing software with development teams distributed in different geographical locations 
[1]. The teams can be within the same organization (off-shore) or different organizations 
(outsourcing) [2]. 

Most companies venture into GSD situations so as to take advantage of the benefits that 
are perceived to be associated with such settings. The perceived benefits include  gaining 
competitive advantage, maintaining proximity to market, improving time to market with 
“round-the-clock” development, and accessing cheap yet skilled labor [3].  

 
Apart from being geographically dispersed, globally dispersed teams face the possibility 

of experiencing different time zones and having social, cultural and normative differences 
[4]. These differences in time zones and cultural background add challenges to GSD, 
especially with respect to communication, coordination, and control [4]. Pervasiveness of 
numerous challenges in GSD makes it a risky venture [5]. These problems may result in 
failure to complete the project on time and running a project that goes over budget.  

Furthermore, the distance dimensions of GSD increases the complexity and difficulty 
associated with the project management activities of distributed projects. The complexities 
of problem-solving in distributed projects is also reflected in the study done by Herbsleb and 
Mockus [6], in which they report that distributed work takes approximately 2.5 times longer 
to complete than collocated work mainly due to ineffectiveness of coordination and 
communication processes that are implemented. Therefore GSD projects are particularly 
more challenging from the project management perspective [7]. As a result the project 
management activities related to risk management, specifically risk identification and risk 
mitigation, are vital for running successful distributed projects [8].   

Various studies have reported and suggested different mitigation approaches to some of 
the risks and challenges that may hinder the success of a GSD project. Carmel [2] mentions 
six centripetal forces - the solution - that join global software teams together and make them 
more effective. Those forces include telecommunication infrastructure, product architecture, 
team building, development methodology, managerial techniques, and collaborative 
technology. They can be used as a basis for identifying strategies that can alleviate issues 
encountered in distributed projects.  

Project members in a GSD setting have limited access of face-to-face communication 
which may inhibit the effective exchange of information. However rich communication tools 
and workspace awareness tools, such as video conferencing tools, may be used as an 
alternative and thus act as a risk mitigation solution for issues that may result from limited 
access to in person communication and informal communication [2]. Use of groupware tools 
may mitigate the risks associated with collaboration issues between dispersed stakeholders 
thus reducing the likelihood of misunderstandings occurring, for example during 
requirements elicitation activities [2],[9]. Nevertheless, the suggested solutions mentioned in 
the literature are more into “knowing-what” and not “knowing-how” to systematically 
manage risks.  



  2

Distributing software development activities has been a practice in industry for almost 
20 years. However the art and science of GSD is still evolving [3]. Most studies in GSD are 
still at exploratory stage and not yet in explanatory stage. There are more problems identified 
in the literature than solutions. Furthermore some of the identified solutions to problems are 
more general. This is mainly due to the fact that GSD can have different implementation 
scenarios [10], therefore there is no one-fits-all solution. Very little guidance is provided to 
achieve success from the suggested solutions for certain situation [7], particularly in risk 
management approach. 

Due to the limitations of GSD literature to provide guidance, industrial practitioners 
need to put extra effort to learn and understand the applicability of the reported findings from 
the existing literature [7][1]. Therefore a conceptual risk management framework could 
guide practitioners in running efficient and successful distributed software development 
projects. Identifying challenges and implementing the appropriate strategies to address those 
challenges is essential to the success of software development projects, especially those 
executed by teams that are not under the same roof.  The purpose of our thesis is to provide a 
detailed foundation to facilitate the formulation of a conceptual approach for risk 
management approach in distributed software development projects. Therefore the issues and 
challenges of distributed software development projects and the strategies for addressing 
those challenges are identified and elaborated in this research. 

 

1.1 Aims and objectives 

The aim of this research is to identify and elaborate the significant difficulties 
encountered in distributed software development projects and the strategies to address them. 
This is attained by gathering GSD related challenges and their mitigation strategies reported 
in empirical studies on GSD and those currently prevalent in industrial settings. The study is 
to understand “what” the risks and challenges are for GSD, and “how” those issues can be 
mitigated. 

The aim will be achieved by setting the following objectives: 
• Identification of GSD related challenges and their mitigation strategies published in 

empirical research, which will be compiled into a checklist. 
• Development of GSD related challenges checklist, with their corresponding 

mitigation strategies, facilitated through the identification of GSD related challenges  
detailed in published empirical research 

• Identification of GSD related challenges and their mitigation strategies prevalent in 
industry through survey 

• Determine whether empirical studies in GSD detail challenges  that are Reported in 
the survey, or there are challenges  identified through the survey but not reported yet 
in literature 

• Determine whether empirical studies in GSD detail  mitigation strategies that are 
reported in the survey, or there are strategies identified through the survey but not 
reported in literature  

• Elaborate on the challenges and mitigation strategies which will provide a 
foundation for the development of a GSD risk management approach 
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1.2 Research Questions 
 

The following research questions were formulated in order to achieve the aims and 
objectives of this research:  

RQ1.  What are the GSD challenges and mitigation strategies reported in literature with 
empirical studies? 

RQ2.  What is the state of practice in addressing GSD in the industry reported in the 
survey? 

RQ2.1. What are the GSD related challenges faced in the industry reported in the 
survey? 

RQ2.2. What are the mitigation strategies practiced in the industry reported in the 
survey? 

RQ3.  What are the gaps and commonalities between survey results and the results from 
the systematic literature review in relation to challenges and mitigation strategies for GSD? 

 

1.3 Research outcome 
 
The following results are achieved: 
• Challenges checklist for GSD setting. 
• Mitigation strategies checklist to address challenges for GSD setting.  
• Identified gaps or commonalities between the challenges  and strategies reported 

from the literature and survey results  
• Suggestions for future research. 

 

1.4 Structure of thesis 
 

The structure of this thesis is in 3 main categories as illustrated in Figure 1. 
. 

 

 
Figure 1 Thesis Structure 
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1.5 Terminology 
 

Table 1 Terminology Used in This Thesis 
Term/Abbreviation Definition 

3 C’s In no particular order, Communication, Coordination and Control 
mechanisms. 

Authors Students responsible for writing this thesis (Indira Nurdiani, Ronald 
Jabangwe) 

Challenges Risk and challenges are used interchangeably in this study. 
 
Issues or obstacles or circumstances that demand great consideration 
as they can negatively affect the outcome of a project. Challenges 
can be encountered at any time (present or future) 

Checklists The two checklists that were developed in this thesis. One for 
consisting of challenges and the other with mitigation strategies 
related to GSD projects 

Distance Dimensions Temporal distance, Geographical distance and Socio-Cultural 
distance. 

GSD Global Software Development (Also commonly referred to as 
Distributed Software Development) 

Mitigation Strategy  Any activity or tactic employed to alleviate the impact or the 
occurrence of risks associated with challenges or problems 

Offshoring The Relocation of a process for developing a product, such as 
software development activities, from one country to another 

Outsourcing The act of subcontracting a business process (for example software 
development) to another company 

Practices See Mitigation Strategy 
Project In this thesis it refers to an undertaking for developing a software 

intensive product 
Risk Risk and challenges is used interchangeably in this study. 

The “probability of suffering loss while pursuing goals due to 
factors that are unpredictable or beyond” [11]. Risks are the 
consequences of suffering loss in the future.  

SLR Systematic Literature Review. 
“a means of identifying, evaluating and interpreting all available 
research relevant to a particular research question, or topic area, or 
phenomenon of interest”[12] 

Usability Denotes the simplicity and ease of application or use of a particular 
instrument.  
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2 BACKGROUND 

2.1 Global Software Development  
 

2.1.1 History 
 

IBM and a few other major computer vendors have had globally distributed software 
development since the 1960’s [2].  Some large multinational corporations have been 
developing software in a distributed manner even before the term GSD was formulated [2]. 
Another form of distributed software development called contract programming emerged in 
1970’s [13]. Contract programming was an example of partial outsourcing where certain 
parts of development work was transferred to a third-party service provider [13].  

 The globalization of software began in the 1990’s with the PC revolution, which 
changed the culture of software development [2],[7]. Software development is no longer the 
domain of just large companies, but also smaller sized companies [2]. The irreversible wave 
of globalization has amplified the competition in software industry. However with limited 
access skilled labor and grueling time to market many software companies started to look for 
partners and set up development sites in different countries [2],[7]. This revolution resulted 
in multi-site, multi-cultural, and globally distributed software development [14].   

 

2.1.2 What is GSD 
 

The concept of GSD is derived from contract programming which was a form of 
outsourcing in the 1970’s [13]. However contract programming was limited only to 
application programming. GSD is not limited to outsourcing and programming tasks only. 
GSD is defined by Sangwan et al [1] as “software development that uses teams from 
multiple geographic locations”[1]. In other words GSD addresses software engineering 
activities which are being performed by globally dispersed teams.  

The collaboration modes among these development teams can be either in outsourcing 
or offshoring mode. Outsourcing (inter-organizations) refers to subcontracting a process (i.e. 
developing a product) to an external organization or third-party. Offshoring (intra-
organization) refers to the relocation of a business process by a company to another country 
[1]. 

GSD is different from “normal” or collocated development [2]. Apart from the different 
collaboration modes, GSD has characteristics that are different compared to collocated 
development. GSD has attributes which are called global factors. Global factors are the 
environmental factors which are unique to GSD, and these are [15],[16]:  

1. Multisourcing – multiple distributed member involvement in a joint project, 
characterized by a number of collaboration partners.   

2. Geographic distribution – partners are located far away from each other.   
3. Temporal diversity – characterized by the level of working hours overlay.   
4. Socio-cultural diversity – level of social, ethnic, and cultural fit.  
5. Linguistic diversity – characterized by the level of language skills.  
6. Contextual diversity – level of organizational fit (diversity in process maturity and 

work practices).   
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7. Political and legislative diversity - effect of cross border collaboration due to 
political threats or threats associated with incompatibility of laws.  

Essentially GSD is characterized by the geographical dispersion of people or teams 
working on a development project of a software intensive product. Moreover, as the 
geographical distance increases the likelihood of temporal distance increases, and the 
cultural difference may resultantly become more noteworthy and apparent. 

 

2.1.3 GSD Trends 
 

In the late 1990’s off-shoring became a trend due to labor shortage in the US [17]. 
Distributing software development tasks became more popular ever since.  In the US itself it 
is estimated around 20% of software companies are offshoring their work [17]. As reported 
in [17] an estimated 30% of the world’s largest 1000 firms are offshoring work.   

Europe and the United States still dominate the source of offshored works. However, 
Europe has lower levels of offshoring than the United States. It is estimated that only 5% of 
European businesses (of all sizes) are offshoring [17]. The trend is unlikely to diminish 
anytime soon. It is predicted that 2 to 3% of European IT works will be off-shored by 2015 
[17]. 

In terms of supplying the personnel for developing the software, India is recognized as 
the major players. India holds a large pool of skilled labor in the area of software 
programming [18]. The wage costs there are significantly lower than those of first world 
countries like the United States of America [18]. This most likely explains why India 
receives a substantial amount of the outsourcing contracts.  

In a research published in 2007 by Ma J. et al [19], they reported that India’s software 
exports were six-fold that of China. However other Asian countries are reportedly closing in 
on India on the top spot of software suppliers in software outsourcing collaborations.  This is 
mainly because countries like China have superior infrastructure [18],[20]. Other countries 
that have been reported to have major roles in supplying software in the GSD paradigm, in 
no particular order, are Russia, Ireland, Brazil and Singapore [18-20]. Countries in Eastern 
Europe like Estonia, Latvia and Poland and countries in the South American region, like 
Brazil, are also becoming more and more involved as suppliers of software development 
work on a global scale [20]. However their skilled labor pool is not as large and cheap as that 
offered by India or China [20]. 

 

2.1.4 GSD Benefits 
 

The potential benefits associated with GSD ventures are quite compelling thus 
explaining the overwhelming increase in similar projects in the 20th century. Vast perceived 
benefits have been discussed in literature from the most trivial advantage to the most 
significant benefit. Table 2 summaries the six factors reported to be the main benefits of 
GSD along with their extent of realization according to the study by Conchúir et al [21] and 
are also widely discussed in numerous other studies on distributed projects, such as [7],[14].  
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Table 2 GSD Benefits Summary 
Benefits Brief Explanation Extent of realization 

Cost Reduction Software companies, just like in 
manufacturing, are also looking for 
low-cost programmers from low-
wage countries as offered in 
countries like India and China. 

Partially Realized 

 

Improved time to 
market 

Software companies are expecting to 
have “round-the-clock” development 
by taking advantage of, as well as 
using time-zone difference. Thus 
increasing the number of working 
hours in a day and as a result 
reducing the software development 
lifecycle. 

Not Realized 

 

Modularization of 
tasks 

Modularization of software 
development tasks facilitates in the 
development of software components 
in parallel and also makes it easier to 
release software in phases. 

Partially Realized 

Access to trained 
workforce 

Software companies would like to 
have the best programmers or 
designers in the world, regardless of 
where they reside. 

Partially Realized 

 

Acquisition and 
Innovation 

Software companies need the 
flexibility to capitalize on mergers 
and acquisitions in order to expand 
their product families. In addition, a 
mixture of people from different 
backgrounds with different views 
and difference in work processes 
may stimulate the development of 
innovative ideas within the group.  

Partially Realized 

Proximity to market Software companies would like to 
have close proximity to the 
customers because it is particularly 
advantageous during vital processes 
such as requirement elicitation. 

Partially Realized 

 
 

2.1.5 GSD Complexities 
 

Apart from the benefits, implementing GSD has several drawbacks. In GSD, the 
problems are escalated to a larger and broader scope compared to collocated software 
development [16][15]. It is caused mainly by the complexities that are brought about by the 
nature of GSD. These complexities are related to the global factors discussed in Section 
2.1.2. However in this thesis, three global factors will be mainly discussed and focused on 
namely temporal diversity (will be referred as temporal distance), geographical distribution 
(will be referred as geographical distance), and socio-culture diversity (will be referred as 
socio-culture distance). They have been discussed in various publications in GSD, both 
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collectively and individually, such as [22],[23],[4],[24],[25]. In this thesis these three factors 
will be referred to as distance dimensions. 

These distance dimensions add challenges to GSD, especially in communication, 
coordination, and control mechanisms, as discussed in [22],[26]. Figure 2 depicts the impact 
of distance towards communication, coordination, and control mechanism. As shown in 
Figure 2,   distance has negative impact towards these processes. Distance intensifies 
coordination and control problems directly. As distance increases the negative impact of 
communication intensifies which in turn indirectly affects the effectiveness of coordination 
and control processes [19].  

 

Figure 2 Impact of Distance [26] 
 
These three processes are important in every project to make it run properly. The 

definition of each process will be discussed next, followed by the impact that distance 
dimensions have on these processes.  

Communication is one of the key processes in software development especially in GSD 
[2],[17],[22],[27],[26],[5]. It is the process that glues together the other two processes, 
coordination and control [26]. Communication is “the exchange of complete and 
unambiguous information - that is, the sender and receiver can reach a common 
understanding.” Communication is an essential process in all software development but 
becomes even more crucial in GSD due to the distance factors [22]. Geographical distance 
makes face-to-face meetings more difficult to achieve. Communication delays can be caused 
by temporal distance. Socio-culture distance can cause misunderstanding in interpreting 
certain statements.  

Coordination is “the act of integrating each task with each organizational unit, so the 
unit contributes to the overall objective” [26]. Coordination is the process that bonds the 
whole organization together [28]. All software development obviously requires coordination, 
but GSD increases this need as activities are distributed over time and space and across 
cultural borders.  As discussed in [22] these distance aspects add up to coordination 
complexity that software development projects already have.  

Mintzberg [29] discusses three main coordination mechanisms: (1) mutual adjustment 
which is based on continuous exchange of information among team members, (2) direct 
supervision where one person is in charge to give instruction and monitor the activity in the 
project, (3) standardization where certain standards are implemented. In GSD, it is difficult 



  9

to choose the appropriate coordination mechanisms. Due to geographical distance, it is hard 
to coordinate based on mutual adjustment and direct supervision. Carmel argues that 
standardization is the more suitable coordination approach for GSD [2]. However, in case of 
outsourcing, diversity of organization standards and policy can make standardization become 
more problematic [16].   

Control is “the process of adhering to goals, policies, standards, or quality levels.” [26]. 
The control process concerns the management and reporting mechanisms put in place to 
make sure a development activity is progressing towards desired goals. Control mechanisms 
can be in formal forms (explicit guidelines and implement standards) and informal forms 
(agreements among colleagues) [22]. 

In GSD maintaining control of the project is difficult. A software company can lose 
control on its business process, when some parts of the work are outsourced to a third-party. 
This issue can be exacerbated by geographical and socio-culture distance [17]. Furthermore 
socio-culture distance can cause different perception of authority, which has impact on 
control mechanisms [22].   

 

2.2 Risk Management 
 

2.2.1 What is Risk? 
 

Different literatures seem to have different take on the definition of risk. According to 
the definition in Risk Management Standard issued by The Institute of Risk Management 
(IRM), risk is “the combination of the probability of an event and its consequences” [30].  In 
a different literature the definition of risk is the “probability of suffering loss while pursuing 
goals due to factors that are unpredictable or beyond” [11].  According to Hillson and 
Murray, risk is “an uncertainty that affects one or more objectives” [31]. Similarly, the 
Project Management Body of Knowledge (PMBOK) Guide also defines risk as an event that 
affects objectives [32]. However the definition provided by the PMBOK guide [32] does not 
only perceive risk as an event that causes negative results but also as one that may cause 
positive and favorable outcomes on the project. It is important to note that in this research we 
shall only focus on the negative effects of the uncertain events on project goals. 

Although there are differences in detail definition of risk, it can be observed that the 
main keywords here are probability or uncertainty (unpredictable factors), and consequences 

(suffering loss, affected objectives).  An uncertainty that does not have consequences does 
not pose any risk. Furthermore the consequence can lead to failure in achieving goals or 
objectives. For instance, whether or not it will rain tomorrow (uncertainty) in Ronneby is not 
a risk for most people. However if Andrew has promised his son to go for a fishing trip 
tomorrow, the uncertainty of the weather has consequences to Andrew in achieving his goal. 
If it rains tomorrow, Andrew cannot fulfill his promise to his son (consequences).  

From the example above, an uncertainty becomes a risk if it is put in the relevant 
context and associated with certain objectives or goals. Furthermore associating risks and 
goals is important as pre-requisites in risk identification and evaluation which is part of risk 
management process. Risk management will be explained in section 2.2.2. 
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2.2.2 Risk Management 
 

The definition of risk management according to [11]  is “a systematic approach to 
reducing the harm due to risks, making the project less vulnerable and the product more 
robust”. Risk management is crucial in every business and project’s success. The focus of 
risk management is on addressing uncertainties in order to minimize loss and optimize 
objectives achievements. Furthermore, the significance of each risk is assessed to determine 
the appropriate mitigation actions.  

The importance of risk management has made its application to be more structured 
overtime. There are various approaches in implementing risk management as addressed in 
literature and standards such as PMBOK and IRM Standard [30-32].  There is a consensus 
that risk management mainly entails processes in developing risk management planning, risk 
identification, risk evaluation, risk monitoring, and also developing risk mitigation strategies 
[11],[31]. Three risk management approaches are introduced in Section 2.2.3. 

Furthermore risk management must be integrated into the organizational culture and 
also tactical and operational strategies. Therefore risk management should be associated with 
the organizations’ domain, such as aviation, manufacturing and software development.  

Developing software is particularly more difficult due to its inherent complexities. 
Software projects are prone to risks that can lead to over budget, delivery delays, and low 
quality products [33]. Software risk management emerged as a discipline that provides an 
approach to identify, address and eliminate software risk items before they threatened the 
project’s success.  

Software risk management is crucial in every software project. It provides an enhanced 
way to organize software life-cycle. Furthermore risk management is important for the 
following reasons, as discusses by Boehm [34]: 

1. Avoiding Disaster. Inability to properly identify and assess risks can jeopardize the 
success of a project. Software risk management is important as an approach to 
systematically identify and assess risks to keep projects from a disastrous end. 

2. Avoiding rework. High amount of rework due to flawed software deliverables can 
reduce productivity significantly.  Software risk management needs to be an integral 
part of a software project. It helps to reduce rework by focusing on early 
identification of high risk problems.  

3. Avoiding overkill. Much effort is often spent on redundant activities that cover 
trivial risks rather than those that have high risk and critical consequences. Software 
risk management helps to focus on critical activities that have significant impact to 
the project. 

4. Stimulating win-win solutions. One of the reasons of failure in software projects is 
because a high-risk item is neglected. For instance, unrealistic assumptions about 
schedules, technology support, and so forth. Software risk management ensures 
positive win-win situation for project participants by highlighting necessary 
conditions for a successful project.  

 Practicing risk management, particularly in software projects, also comes with the 
direct and indirect benefits. Some of the direct benefits of implementing risk management 
practices are meeting project target, the project is less vulnerable to risks, development of 
more reliable and dependable products, and structured crisis management. The indirect 
benefits of implementing risk management are improvement in estimation and planning, 
better process management, promotion of a problem-solving culture, and continuous 
improvement [11]. 
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2.2.3 Risk Management Paradigm 
 

Risk management is not a young discipline. It can be traced back to the Babylonians in 
3200 B.C [34]. Due to its increasing importance in contributing to business and project 
success, more structured approaches are becoming more widespread [31].  In this section 
some of the well known risk management approaches Barry Boehm’s Software Risk 
Management approach, PMI Risk Management and the IRM risk management standard are 
briefly introduced to provide an overview on the available risk management approaches. In 
depth discussion of each risk management paradigm is beyond the scope of this thesis. 

 
Three major risk management institutes in the UK, The Institute of Risk Management (IRM), 
The Association of Insurance and Risk Managers (AIRMIC), and ALARM The National 
Forum for Risk Management in the Public Sector, developed a risk management standard 
[30]. It is aimed to provide agreement towards structured risk management process. In this 
risk management standard, organization’s strategic objectives are taken into consideration 
during the risk management process in order to protect and add value to the organization and 
the stakeholders.  The risk management process is depicted in Figure 3.  

 

 

Figure 3 IRM Risk Management Approach [30] 
 

Barry Boehm introduced one of the most well known risk management approach in 
software engineering [34], shown in Figure 4. The approach involves two main steps: risk 
assessment and risk control, each main phase has three sub steps. Risk assessment includes 
risk identification, risk analysis, and risk prioritization. Risk control involves risk managing 
planning, risk resolution, and risk monitoring. The sub trees for each sub process are the 
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tools that can be used to serve the purpose of each sub process. For example, checklists can 
be used for Risk Identification purposes.  

 
 
 

 

Figure 4 Barry Boehm Risk Management Paradigm [34] 
 
 
In Project Management Institute (PMI) Guide to PMBOK [32], project risk management 

is mentioned to be one of the project management knowledge areas (KA). It involves 
planning risk management, identifying risks, analyzing risks, responding to risks, and 
monitoring and controlling risks. The main objective of project risk management is to 
increase the opportunity of positive occurrences in the project and minimize incidents that 
can have negative impact towards the project.  The project risk management processes are 
depicted in Figure 5. 
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Figure 5 PMI Risk Management Approach [32] 
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3 RELATED WORK 
 

GSD related challenges and mitigation strategies have been discussed in various 
published studies. However these studies report the challenges and mitigation strategies from 
one empirical study. In this thesis challenges and strategies are compiled collectively from 
various empirical studies conducted in industry as well as academic settings. . From the 
related work it can be seen that GSD challenges are multi-faceted and the practices are 
highly situational [4][22]. The aim of this study is to identify and collect GSD related 
challenges and mitigation strategies gathered from empirical studies in GSD from various 
cases, companies and scenarios. The related work in identifying GSD challenges and 
mitigation strategies is done according to certain aspects. 

Carmel [2] identified five centrifugal forces that can add challenges in GSD setting 
namely geographical dispersion, loss of communication richness, coordination breakdown, 
loss of “teamness”, and cultural difference. [2][2]Geographical dispersion adds overhead to 
communication and coordination mechanisms. Allen [35]  found that communication drops 
significantly as engineers are separated 25 meters away from each other. Also with 
geographical dispersion, rich media of communication is unlikely to be used. Furthermore as 
the team members are separated by geographical distance and also have difference socio-
cultural background it becomes more challenging to develop a sense of “teamness” within a 
group [4],[16].  

Ågerfalk et al [22] introduced a framework that provides a structure for considering 
GSD issues and identifying opportunities in GSD. The framework is based on identifying 
challenges related to communication, coordination, and control processes caused by 
geographical, temporal, and socio-culture distance. In their work they discussed the impact 
of each distance dimension on each process.  In the findings, it shows that challenges in GSD 
are multi-faceted. Some challenges are related to more than one process, or are caused by 
multiple distance dimensions [22].  

Based on the empirical study conducted by Holmstrom et al [4] on three global software 
development companies, the main challenges they found also caused by geographical, 
temporal, and socio-culture distance. The main challenge caused by geographical distance is 
lack of teamness among distributed team members. Delayed response and feeling of being 
“left behind” are the challenges caused by temporal distance [4]. Finally, in correlation to 
socio-culture distance, their research shows that the main challenge is to create mutual 
understanding among team members. Their study shows that language is not considered to 
be the main issue, however political and religious values have more impact in creating 
conflict [4]. 

A study by Prikladnicki et al [36] discusses the challenges in GSD based on GSD 
business model. GSD business model entails the emphasis on two dimensions: relationship 
structure (outsource, joint venture, and subsidiary) and geographical location (offshore and 
onshore). The findings were derived from case studies on five different companies with head 
offices located in Brazil, Canada, and the United States. The finding shows that different 
business model may encounter similar challenges. On the contrary, the same business model 
does not necessarily share identical challenges. From the result of the study shows the main 
challenge in outsourcing strategy is configuration management. Requirement Engineering 
phase, especially requirements elicitation, becomes the main challenge in offshoring 
strategy, because the process requires intensive communication [36]. In offshoring strategy 
this challenge is caused by geographical dispersion and also cultural difference [36].  
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Apart from challenges Carmel [2] also discusses about six centripetal forces – the 
solutions – to GSD unique challenges, namely telecommunication infrastructure, 
collaborative technology, product architecture, team building, development methodology, 
and managerial techniques. These forces are the ones that bring distributed software teams 
together and make it more effective. Telecommunication infrastructure and collaborative 
technologies are the counterbalance for geographic dispersion, communication richness loss 
and coordination breakdown [2]. Product architecture and development methodology can 
also be used as coordination tools. Product architecture can guide task allocation while 
development methodology can provide a roadmap that guides the team throughout the 
software development cycle. Team building creates more awareness between team members, 
loss of “teamness” and cultural difference are expected to be minimized using this strategy 
[2]. Finally the crème de la crème of the centripetal force is managerial techniques. It is the 
force that glues a global team together. It includes designing team structure, managing 
conflicts, project management, metrics, rewards and compensation, and selecting a global 
manager [2]. 

Agile methods promise certain benefits to reduce distance dimensions in GSD setting. 
Holmström et al [23] gathered experience from two multinational software companies 
regarding implementation of agile methods in their distributed projects. The result of the 
study shows pair programming can reduce temporal distance, because it helps to increase 
time overlap. Pair programming also reduces socio-culture distance together with Scrum pre-
game phase by improving mutual understanding and collaboration in distributed team [23]. 
Lastly, geographical distanced is reduced by Scrum simple planning [23]. 

GSD can have different implementation scenarios in different organizations. Thus it 
influences how challenges can be addressed differently in different scenarios. In another 
study by Holmström et al [4] which was conducted in three different multinational software 
companies shows this phenomenon. The challenges identified in one company are also found 
in the other two studied companies. However the ways they are addressed are entirely 
different from one company to another. For instance in order to overcome socio-culture 
distance one company implements a more formalized way of communication through written 
documentation, while another company implements “buddy system” between developers in 
two separate locations. The result of this study shows that addressing challenges in GSD is 
highly situational.  

 

3.1 Risk Management in GSD 
 

Risk Management is a key to a successful business or project [31], including software 
development projects. Most academia and practitioners agree collocated software 
development is difficult to do and prone to failures. Furthermore it becomes more 
challenging in GSD settings [2],[37]. Developing software in GSD settings requires 
additional effort in terms of project management, thus it impacts risk management process 
[38],[37]. 

As discussed in section 2.2, GSD has additional challenges compared to collocated 
software development.  GSD exacerbates existing risks and introduces new risks that are 
unique to this setting [17]. As a result, the work in GSD environments is more problematic 
than in centralized ones, and the effective risk management can never be depreciated. The 
risk management importance must be emphasized and its participation must be more 
decisive in the GSD projects. Moreover, effective risk management is an alternative for 
coping with the GSD related challenges [37],[38]. 
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Ebert et al [39] discuss that to perform effective risk management in GSD, 
factors/drivers that motivate organizations to implement GSD need to be considered, several 
drivers are discussed in section 2.1.4. These drivers can be mapped into the following 
benchmarks, more efficient development process, achieve global presence, access to talent, 
and having flexibility to cope with changes. It is important to assess the impact of GSD 
related risks towards these benchmarks [39]. Thus, risk identification and risk mitigation 
strategies evaluation can be done more systematically.  

Implementing risk management processes in GSD requires more holistic approach. It 
cannot only be done at project level. It also needs to be done at organization level [38]. First 
and foremost from the strategic level, it is important to decide whether a particular project 
can be developed in a distributed manner. As mentioned before, the main part of risk 
management is risk identification and selecting the appropriate risk mitigation strategies 
[31]. Also risk management needs to be adjusted to the situation. GSD has its unique 
characteristics and challenges [16],[17]. Therefore the risk management process needs to be 
adjusted to the situation [37]. Thus it is important to identify GSD related challenges and 
how they pose risk to the project and select the appropriate risk mitigation practices that are 
suited to distributed development settings.  

Authors found that there is a systematic review done in empirical studies in GSD but it 
is not focused in identifying GSD related challenges and mitigation strategies. This is 
discussed further in section 5.1.2.1. This thesis is intended to identify GSD related 
challenges and mitigation strategies reported in published empirical studies in GSD. In this 
thesis, the authors would like to propose checklists of GSD related challenges and mitigation 
strategies to aid risk management process in GSD projects. The GSD related challenges 
checklist will serve as a tool during risk management processes for example risk 
identification activities. Risk Identification in GSD is deemed to be more difficult due to 
limited knowledge of global factors associated with GSD, even by the most experienced 
project managers [16]. 

Meanwhile the mitigation strategy checklists will serve as a knowledge base for risk 
mitigation processes. The idea of this thesis is aligned with Smite [9] idea of a risk 
management framework that contains GSD related risk identification checklists and 
accumulation of best practices that serves as knowledge base for risk mitigation guide. 
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4 RESEARCH METHODOLOGY 
 

4.1 Systematic Literature Review (SLR) 
 

Systematic Literature Review (SLR) is “a means of identifying, evaluating and 
interpreting all available research relevant to a particular research question, or topic area, or 
phenomenon of interest” [12]. It is also known as systematic review. SLR is a form of 
secondary study, while the individual studies included in the systematic review are called 
primary studies [12]. 

In this thesis, authors agreed to adopt the SLR procedure suggested by Kitchenham [12]. 
There are three main steps in performing SLR, planning the review, conducting the review, 
and reporting the review [12]. Planning the review includes the necessity of conducting the 
review and developing the review protocol. Meanwhile conducting the review includes the 
process of searching the primary studies. Lastly, reporting the review entails the process of 
documenting the SLR results.  

SLR helps to minimize researchers’ bias and provides a basis for understanding state-of-
art in GSD [12]. An SLR is conducted mainly to gather GSD related complexities, 
challenges, risks, as well as the risk related mitigation strategies as reported from literature. 
Specifically, publications that contain empirical research are incorporated into this SLR.  

Smite et al [7] had done systematic review in the related subject area for published 
material between 2000 and 2007. Therefore, using the same search strategy, the study 
conducted by Smite et al [7] was extended by reviewing published material between 2007 
and 2009. As a result this research included papers published from 2000 onwards. Papers 
published prior to 2000 were not included as GSD is a trend more prevalent in the 21st 
century due to globalization [40]. 

However, even though the selected studies as well as search string from [7] were reused, 
a different data extraction form was used in this study. This was mainly due to the difference 
in research interest between this study and the research conducted by Smite et al in [7]. In 
this thesis, reported risks and mitigation strategies from GSD empirical studies are the center 
of interest. 

The outcome of this SLR is a collection of GSD related risks and their associated risk 
mitigation strategies. These risks and their associated mitigation strategies were utilized as 
the foundation of the qualitative analysis to compose the checklist (Research Step RS1.3) 

 

4.2 Typological Analysis 
 

The process of categorizing data according to their relation is an analysis method known 
as Typological Analysis [41]. The steps for conducting a Typological Analysis that was 
followed during this analysis are detailed in Sage’s encyclopedia of qualitative research 
methods [17][41]. There are four main steps in performing typological analysis. First is to 
identify the framework for developing the typology, collect the data, and investigate 
commonalities and variability, and reconstruction of the commonality and variability.  

After the completion of the SLR, a data analysis was also conducted to increase the 
understanding on challenges and solutions in distributed software development. The 
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identified challenges and practices were gathered from the selected studies derived from the 
systematic review. The gathered challenges and mitigation strategies were analyzed for their 
relation between each other and placed into different process categories (communication, 
coordination, and control) and distance dimensions (geographical, temporal, and socio-
culture).  

The risks and mitigation strategies were placed into two separate checklists, according 
to the aforementioned categories. Grouping the risks and the practices in categories assisted 
the authors in developing two structured checklists. These two checklists were then used to 
develop the questionnaire. 

 

4.3 Survey 

A survey is “a system for collecting information to describe, compare, or explain 
knowledge, attitude, and practices or behavior” [42]. Surveys are normally conducted to get 
a representation of the current situation [43]. In this thesis the survey will serve as 
exploratory survey for a more thorough investigation.  

The survey design adopted in this thesis is based on survey design elaborated by 
Creswell [44]. Questionnaires are the data collection forms used in the survey. The survey 
was developed and administered using SurveyGizmo web-based survey tool [45].  

Questionnaires are the preferred data collection method for their capability to obtain 
data from a large number of subjects [46]. The results from the SLR were used to develop 
the questionnaire that was used in the survey. The population of the survey is individuals 
who are or were involved with software processes in GSD projects. The projects range from 
offshoring to outsourced projects. 

In this thesis research the survey is done to serve two purposes: 

• Identify challenges and mitigation strategies in current industrial settings. 

• Facilitate authors in identifying gaps and commonalities of literature reported 
GSD challenges and mitigation strategies and those prevalent in industrial 
settings. 

The questionnaire included risks and mitigations strategies checklist, which were 
gathered from the literature and were distributed to Project Managers and software 
developers that had been, or are currently, involved in distributed software development 
projects. The results of survey were used to identify GSD challenges and mitigation 
strategies in industry. Additional challenges and mitigation strategies other than the ones 
reported in literature were also collected in the questionnaire.  

 

4.4 Interviews 

Conducting interviews as part of a research is facilitates in gathering data that cannot be 
collected quantitatively [47]. The interviews were used as a means to obtain evaluation of the 
quality of the checklists embedded as part of the survey. Interviews were conducted with the 
respondents of the questionnaire and they provided their opinion on the suitability, 
readability, understandability and complexity of the checklists. The interviewees also 



  19

provided their assessment on the appropriateness of the questionnaire to the research that it 
was used for. Interviews were conducted in a semi-structured approach as it combines 
specific questions (to gather foreseen information), and open-ended questions (to gather 
unexpected types of information). Emails and Instant Messaging were the methods used to 
conduct the interviews. 

Therefore interviews were beneficial and essential in assessing the usability and 
usefulness of the checklists in identifying relevant challenges and mitigation strategies. This 
also provided the authors with an overview of modifications, if any, necessary for the 
checklist for future use in similar research in academia. 

 

4.5 Qualitative Analysis 
 
Qualitative studies are primarily concerned with increasing understanding of a 

substantive area [46]. Qualitative data analysis was performed to increase our understanding 
and knowledge of challenges and solutions in distributed GSD. The purpose of the 
Comparative analysis was to analyze the results both from SLR and the survey.  

 
Given [41] states that a comparative analysis’ main goal is to identify similarities and 

variability’s in between the entities in the study [17]. Hence in this research, one of the main 
aims is to assess what has and has not been addressed in literature compared to industrial 
practices in relation to GSD risks and their mitigation strategies. Comparative analysis was 
found to be suitable to achieve this aim. 

 
Comparative analysis was performed on the survey results and also the compiled results 

of the SLR. The identified risks and practices from the survey were compared to the ones 
collected from literature. As a result a comparative analysis facilitated in determining the 
gaps and commonalities between challenges and practices reported in literature and those 
found to be prevalent in industry.  

 
 

4.6 Mapping of Research Questions to Research 

Methodology 

Each research question is mapped into several research steps and research methods, as 
described in Table 3. Pictorial representation of the research steps is represented in Figure 6.  

Table 3 Mapping of Research Questions to Research Methodology 
Research 

Questions 

Research Steps Research 

Methodology 

RQ1. RS1.1 Identify challenges for distributed 

development reported in literature. 

RS1.2 Identify mitigation strategies for 

distributed development reported in literature 

RS1.3 Develop challenges and mitigation 

strategies checklists 

• Systematic 

Review 

• Typological  

Data Analysis 
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RQ2. 

 

RS2.1 Validate challenges checklist, and 

collect additional challenges (if any) from survey 

results. 

RS2.2 Validate mitigation strategies checklist, 

and collect additional mitigation strategies (if 

any) from survey results. 

RS2.3 Validate the usability and usefulness of 

the developed checklist 

• Survey 

• Interviews 

RQ3. RS3.1 Assess what has and has not been 

addressed in literature compared to the 

identified practices in industry (obtained from 

the survey results) in relation to GSD challenges 

and their mitigation strategies. 

RS3.2 Refine GSD challenges and mitigation 

strategies checklist.  

RS3.3 Elaborate lessons learned 

• Qualitative 

Data Analysis 

 

 

 



  21

 
Figure 6 Research Steps 
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5 RESEARCH DESIGN 

5.1 Systematic Literature Review 
 

5.1.1 Rationale for Systematic Literature Review 
 

Every research usually kicks off with a literature review [12]. Unless it is done 
systematically, thoroughly and in an unbiased, the literature review losses its scientific value. 
Systematic Literature Review (SLR) is “a means of identifying, evaluating and interpreting 
all available research relevant to a particular research question, or topic area, or phenomenon 
of interest” [12]. It aims to investigate a particular phenomenon both qualitatively and 
quantitatively and in an unbiased manner [12].  
 

The SLR procedure adopted in this thesis was the guidelines written by Kitchenham 
[12]. The guideline was followed to facilitate the authors in performing a systematic, 
rigorous, reliable review of the empirical evidence discussed in published papers. 
Consequently a SLR facilitated in the gathering, evaluating and interpreting data. Thus it 
helps the authors in understanding the phenomenon surrounding the area of interest. 

 
There are three main reasons to perform SLR, and these reasons are also applicable in 

this thesis. The main reasons are [12]: 
1. To identify existing evidence on particular treatment of technology. In this 

thesis the evidence that the authors would like identify is the challenges that are 
inherent to GSD along with their mitigation strategies.  

2. To identify gaps in the current research and suggest future work. Authors would 
like to identify the gaps in addressing GSD related challenges reported in 
literature and suggest items for further investigation. 

3. To provide a background to start a new research. From the collected challenges 
and mitigation strategies, authors would like to proceed with systematically 
categorizing them into checklists, and they can be further used to identify 
challenges and practices in industry.   
 
 

5.1.2 Planning the Review 

5.1.2.1 Necessity of a SLR 

 
The prime reason for conducting a SLR during in this research is to ensure we 

thoroughly cover the phenomenon surrounding challenges and mitigation strategies for 
projects run in a GSD setting. However before deciding to start a systematic review authors 
needed to determine whether there was any existing systematic review done in investigating 
the phenomenon of interest.  

 
In order to find the information, authors conducted search for systematic review in GSD 

from two main databases, Inspec and Compendex. The search string used to search for 
systematic review in GSD: 

 
({Global software development} OR {Global software engineering} OR {Globally distributed 

software development} OR {Globally distributed software engineering} OR {Distributed 

software development} OR {Distributed software engineering}) AND ({systematic review} 



  23

OR {research review} OR {systematic literature review})   
 

From this search string 15 papers were found, 6 of them were duplicates. One paper on 
bioinformatics was found, thus it was later removed. There were 4 papers that reported 
systematic review on GSD challenges and their mitigation strategies, nonetheless 2 of them 
were focused on Scrum and the rest were focused only for Requirements Engineering phase. 
Two other systematic review studies were found, one reported on GSD models and the other 
reported on gathered success factors. None of these papers were focused on the systematic 
review of empirical studies that report GSD challenges and mitigation strategies.  

One paper by Smite et al [7] was a systematic review focused on GSD empirical 
evidence. Authors found that the study being reported in that systematic review to be highly 
relevant to the thesis and the research questions. However the review was done in 2007, thus 
it does not cover the latest publications on GSD empirical studies. In the end, authors agreed 
to extend the study done by Smite et al [7]. Furthermore the review protocol will be adjusted 
accordingly to meet the purpose of this thesis. 

  

5.1.2.2 Defining Research Question 

 
The main research question for this systematic review is taken from RQ1 of this thesis.  
RQ1: “What are the GSD challenges and mitigation strategies reported in literature with 

empirical studies?” The purpose of the research question is to identify GSD related 
challenges and practices reported in empirical studies in GSD. 

 

5.1.2.3 Review Protocol 

 
The primary purpose for conducting a SLR in this thesis was to systematically go 

through and discover the discussions in published literature on the challenges associated with 
running GSD projects and the mitigation strategies for those challenges. GSD as a software 
development paradigm is generally perceived as a trend more prevalent in the 21st century 
due to globalization [7],[40]. For this reason and for the purpose of this thesis, papers 
published prior to 2000 are not perceived as relevant and hence they were not included. 
Therefore only research papers published between 2000 and 2009 were included in this SLR. 

 
The next step during the planning phase was the development of a review protocol 

which consisted of a detailed description of the methodology that shall be implemented in 
executing the SLR. The following subsections discuss the subsequent steps taken during the 
development of the review protocol. 

 

5.1.2.3.1 Search for Primary Studies Process 

In the SLR, published empirical studies in GSD will be reviewed. By studying empirical 
studies the current trend can be revealed, particularly in the practices that can be 
implemented for the purpose of mitigating GSD related risks. Smite et al [7] had done 
systematic review on the state-of-the-art of empirical studies in GSD, as published between 
2000 and 2007. Therefore, using the similar search strategy, the study conducted by Smite et 
al [7] will be extended by reviewing published material between 2007 and 2009 to make sure 
recent developments in challenges, practices and tools are included in this thesis.  
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The databases used for the SLR are: Compendex, IEEE Xplore, Springer Link, ISI Web 
of Knowledge, ScienceDirect, Wiley Inter Science Journal Finder and ACM Digital Library. 
The search results from these databases are detailed in the subsection Execution.  

The search string is aimed to find empirical studies in GSD. The search string used in 
this thesis is similar to the search string used in [7]: 

(“global software development” OR “global software engineering” OR “distributed 

software development” OR “distributed software engineering”) AND (“empirical” OR 

“industrial” OR “experiment” OR “case study”) 

Furthermore the search is applied on full text as it was performed in [7]. This strategy is 
adopted to avoid exclusion of studies without the relevant keywords in the titles and 
abstracts but is still relevant to the systematic review.  

 

5.1.2.3.2 Study selection criteria and procedures 

Similar study selection criteria as the one used in [7] was used in this thesis. However 
the study process in this research was modified to meet the requirements of the thesis. To 
ensure that only papers that were relevant to this study were included in our research the full 
text of the papers was also checked to ensure that they included discussions on GSD 
challenges or mitigation strategies for GSD challenges. Hence both authors agreed on 
narrowing down the study selection criteria used by Smite et al [7]. Thus only including 
papers that contained information on GSD challenges and mitigation strategies based on 
empirical findings. The general study selection form used during this study, which contains 
similar parts from [7], is tabulated in Table 4. 
 

 
Table 4 General Study Selection Criteria 

Relevance Criteria 
By Search Contains the search strings 

Publication date after 2000 
Only English 
only published papers (the assumption is these papers have been peer-
reviewed) 
 

Title Not (editorials, prefaces, discussions, comments, summaries of tutorials, 
workshops, panels or duplicates) 

Abstract Empirical Background (subjects are either industrial practitioners or students) 
Related to GSD 

 
 
Full Text 
 
 

Presence of Empirical data (either the empirical evaluated or empirically 
based) 
Focus on GSE 
GSD challenges 
mitigation strategies 

 

5.1.2.3.3 Study quality assessment checklists and procedures 

The main purpose for devising a study selection criterion was to ensure that the 
appropriate published material included in this study were relevant and aligned with the 
overall goal of this research study [12]. Furthermore the purpose of the developed study 
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quality form that was used in this research was to ensure that the overall definition and 
perception of a quality study was consistent between the authors. The purpose of the study 
quality assessment was to also minimize the possibility of bias between the researcher’s in-
terms of the appropriateness and relevance of certain papers in this study [12]. Additionally, 
the assessment and evaluation of the quality of the papers provided the authors with a more 
comprehensive inclusion and exclusion criterion for the papers found during the search 
process. Table 5 shows the study selection criterion.  
 
 

Table 5 Study Selection Criterion 
Criterion Y/N 

Is the aim of the study clearly stated?  
Are the challenges or mitigation strategies in relation to GSD      discussed in 
the paper? 

 

Are the findings from the study clearly stated?  
Are citations used correctly?  

 
 

5.1.2.4 Piloting 

 
The study selection criteria form and the study quality assessment form used in Smite et 

al [7] systematic review was also adapted and modified to suit the purpose of this study. A 
Pilot study consisting of both authors was conducted to ensure consistency and to mitigate 
any possible bias during the research. Furthermore, during this pilot process the data 
extraction form for the study was also developed.  

Initially, the authors developed and agreed on a data extraction form and also selected 5 
papers that had been included in the study done by Smite et al [7]. The aim was to induce an 
open discussion between the authors in regards to the selected 5 papers and to also develop a 
data extraction form to collect necessary and vital information required for the whole study. 
This also enabled the authors to assess the effectiveness and the appropriateness of the data 
extraction form. 

During the piloting, both authors thoroughly read the 5 selected papers individually and 
identified what they perceived as challenges or mitigation strategies using the extraction 
form. Other information that was required to be collected with the extraction form was also 
collected by the authors. The authors then proceeded to compare their findings. During this 
comparison the authors discussed any differences in the data that their collected. The 
discussion processes enabled the authors to reach a consensus on how to identify the 
required data to achieve the goal of the study. Most importantly, the authors also discussed 
and agreed on what should be perceived as a challenge or mitigation strategy. This was done 
to mitigate the probability of bias or errors creeping into the actual data extraction process 
that was to be conducted on the primary studies. 

Furthermore, during this process both authors agreed upon alterations that needed to be 
done on the overall data extracting process. As a result a consensus was reached between the 
authors and, in addition, necessary adjustments were made to the data extraction form. The 
agreed upon data extraction form is discussed in the following subsequent section. 
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5.1.3 Conducting the Review 

5.1.3.1 Data extraction strategy 

 
As aforementioned, the search strings, the study selection criteria form and the study 

quality assessment form used in Smite et al [7] systematic review was also adapted and 
modified to suit the purpose of this study.  However due to the difference in purpose for the 
study a different data extraction form was used to collect relevant data. The main focus for 
conducting a SLR for this study was mainly on identifying primary studies that thoroughly 
discussed the challenges and also the strategies for mitigating the associated risks. Hence 
published materials that discussed the challenges or mitigation strategies associated with 
GSD settings, and also provided empirical data on the area, were mainly considered for this 
study.  

The data extraction form used in this study was developed during the Pilot study 
procedure.  Table 6 shows the final data extraction form that was used during this study. 

 
 
Table 6 Data Extraction Form 

Category Description 

Title Title of the published paper 
Authors All the authors name credited with writing the paper 
Year Valid Inputs: 2000 – 2009 
Main Empirical Method Valid Inputs: Survey, Case Study, Interviews, Experiment or 

Other 
Subject of Investigation Either the empirical study was industrial based or students 

were used subjects. 
Valid Inputs: Industry or Student 

Collaboration Method Outsourcing, Off-shoring, Unclear, Irrelevant 
Number of Sites Valid Inputs: Whole Numbers greater than zero 
Perspective Valid Inputs: Supplier, Originator, Collaboration in general, 

Unclear or Irrelevant 
 

Development Methodology Software development methodology discussed in the paper 
Valid Inputs: Free Text 

Focus of Study Valid Inputs: Collaboration in General, Single Practice, 
Development Phase or Other 
 

Identified 
Problems/Risks/Challenges 
 

Collect GSD challenges stated in the paper 

Identified Solutions/best 
practices/mitigation methods 
 

GSD best practices and mitigation strategies  for distributed 
settings 

Claim (from the study) Provide a narration of the claims being stated in the research 
paper. 
 

Additional Findings Provide a narration and summary of any other findings 
stated in the paper that are related to GSD settings. 
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5.1.3.1.1 Identification of research papers 2000-2007 

From the systematic review performed by Smite et al [7], and after the study selection 
process was completed 59 papers were left and consequently included for full text review as 
part of selecting the primary studies. According to the review process detailed in the study 
performed by Smite et al [7] these papers were thoroughly checked for relevance to GSD, 
Software Engineering and presence of empirical data.   

Both authors agreed to include and review these 59 papers, as the batch of papers 
published between 2000 and 2007. These papers were further assessed to determine their 
relevance to the current study. Consequently the relevant papers left after the assessment of 
these 59 papers were included with the batch of papers collected when the SLR was 
conducted by the authors for papers published during and after the year 2007. The SLR 
conducted for publications during and after 2007, as well as the inclusion and assessment of 
the papers from the 59 batch of papers, is detailed in the next subsection. 

 

5.1.3.1.2 Identification of research papers 2007-2009 

The authors proceeded to conduct a SLR on the papers published between 2007 and 
2009. This was done to ensure that the most up-to-date published materials on GSD risks and 
the associated risk mitigation strategies were included in the research. Publications in 2007 
were included as precaution if some papers in that year were missed in the previous study 
[7]. The same search strings and research databases used in the study conducted by Smite et 
al [7] were also used during this process to ensure consistency in the study selection process.  

Table 7, summarizes the number of papers obtained and retained during the study 
selection process for publications made during 2007 and 2009. 

 
Table 7 Results for 2007-2009 

Relevance Researchers 
Involved 

Criteria Papers Left 
(2007 -
2009) 

 
 
By Search 

 
Both 

 
By Search strings 
only English 
Publication date from 2007 onwards (total of 
41papers removed) 
 

 
405 

 
By Title 

 
Both 
 

 
Remove editorials, prefaces, discussions, 
comments, summaries of tutorials, workshops, 
panel (total of 61papers)  
Remove Duplicates (total of 101papers)  
Software Engineering related 
 

 
 
243 
 
 

Abstract Both Empirical Background 
GSD related 

101 

Full Text Both Presence of empirical research 
Focus on GSE or GSD or Distributed 
Software Development 

 
67 
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5.1.3.2 Complete Steps in Conducting Systematic Review 

 
The collection and maintenance of references was done using the Zotero utility. The 

following steps were followed in conducting the systematic review: 

• The seven databases were searched using similar search strings as the ones used in 
the research done by Smite et al [7] (the search strings can also be found online [48]. 
The search was conducted for papers published from the year 2007 to 2009: 
Compendex, IEEE Xplore, Springer Link, ISI Web of Knowledge, ScienceDirect, 
Wiley Inter Science Journal Finder and ACM Digital Library. Non-English papers 
were also removed from the search results and a total of 405 papers were collected 
using the utility Zotero. Both authors were involved in this activity. 

• From the 405 papers a total of 61 editorials, prefaces, discussions, comments, 
summaries of tutorials, panel and workshops were removed. A total of 101 
duplicates were also found and removed from the 405 papers. The duplicates also 
included some papers that were also present from the 59 papers that had been 
collected during the research done by Smite et al [7]. After this removal process was 
done by analyzing the title of each paper through the aid of the program Zotero and a 
total of 243 papers were left. Both authors were also involved in this process. 

• The next step was to remove the papers that were not related to GSE and did not 
include any empirical background. Both authors sat through this process and based 
on the abstract in the paper would discuss on the papers relevance to GSE. A total of 
101 papers were left after this removal process. 

• The next, also conducted by both authors, was to do a full text review of each paper 
to determine the papers relevance to GSE as well as presence of empirical data. A 
total of 67 papers were left after the elimination of the papers that did not fit the 
criteria. 

• The 67 papers were then put together with the 59 list of papers collected from the 
research done by Smite et al [7], and this is depicted in Table 8. Therefore there were 
126 papers were collected for the year range 2000 to 2009 that met the criterion of 
having a focus on GSE or GSD or Distributed Software Development and had 
evidence of empirical research. 

 

Table 8 Final Papers of 2000-2009 
Relevance Researchers Involved Criteria Papers Left (2000 -

2009) 
 
Add the papers left with the 59 papers obtained from a similar 

research done by Smite et al [7] for the year range 2000-2007 

 

126 
(67 +59 =126) 

Full Text Individually GSD Risks and 
challenges 
Risk mitigation 
strategies 
Remove duplicates 

 
86 

 
 
• Subsequently 126 papers were reviewed for duplicates with previous study by [7]. 

From the review one duplicate was found and the remaining 125 papers had to be 
divided between the two authors and each research had to the duty to go through the 
assigned papers and identify the papers the papers that had discussions on risks or 
challenges or risk mitigation strategies for GSD settings. However due to the uneven 
number of the remaining papers the authors agreed to review the full text of one of 
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the paper and work together to determine if the paper met the required criteria. This 
activity helped the authors in developing a common understanding and uniform 
process of analyzing and reviewing the rest of the papers. 

• After this process each researcher was then assigned 62 papers to review the full text 
and to identify the papers that had discussions on risks or challenges or risk 
mitigation strategies for GSD settings. Authors also had the responsibility of 
evaluating the quality of the papers with the aid of the study quality form. A total of 
86 papers (from 125) were found to meet the required criterion at this stage. 

• Ultimately 86 papers published between 2000 and 2009 were found to be relevant to 
this thesis.  

• The next step was to use the data extraction form to collect the required information 
from the papers. After this procedure the remaining 86 papers were divided evenly 
between the authors and each researcher had the duty to individually collect the 
required information as detailed in the data extraction form. This process was 
performed by reviewing the full text of the research papers and the tools used during 
this process were Zotero (for managing references) and (MS Excel for data 
extraction). 

• After this process each researcher then went through and re-read the other authors 
list of papers they had been assigned and used a different data extraction form to 
collect data. This was done to reduce the likelihood of missing vital information 
relevant to this study and increase the chances of accuracy. 

• The final step was for the compilation of the data from the data extraction process 
and the systematic categorization and analysis of the results. 

The graphical depiction of the steps in the systematic review is presented in Figure 7. 
Meanwhile Table 9 provides a brief breakdown of the number of papers included from the 
two batches of SLR conducted by Smite et al [7] and the authors in this current study. 

 

Table 9 Breakdown by Studies (2000-2009) 
Researchers Year Range Number of Papers 

Included 

From the 59 Papers left after assessing and 
evaluating papers included in the study by 
Darja et al 

2000-2007 46 

 ( both authors in this current research) 2007-2009 40 
 

Finally the data collected in the data extraction form was compiled and analyzed. The 
details and the analysis results are detailed in Section 6.1. Furthermore the risks and 
mitigation strategies were systematically categorized and the results, as well as the rationale, 
for this process are also presented in Section 6.2. 

 

5.1.4 Document the Review 
 

After conducting the review the next step would be preparing the systematic review 
results in appropriate format. The systematic review guidelines by Kitchenham [12] stated 
that authors need to consider the audience who will read the systematic review report. The 
intended audience for the systematic review results includes the thesis advisor, faculty 
reviewer, thesis opponents, and other students. The result of this systematic review will be 
formatted as a section of a master thesis.  
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Figure 7 Systematic Review Steps 
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5.2 Typological Analysis 
 

Numerous factors were systematically gathered from the 86 papers that were included in 
this study as detailed in the SLR section. However, the main rationale for conducting the 
SLR was to identify and evaluate the phenomena surrounding the challenges and how the 
associated risks can potentially be mitigated, for projects that a run in a setting in which 
stakeholders do not share geographical proximity. Administering risks and implementing 
practices or methods that can lessen the effect of problems encountered in distributed 
software projects can potentially reduce the negative effect that they might have on the 
projects overall goals and success. 

The factors that were gathered during the SLR were challenges and obstacles that are 
associated with running distributed software development projects. In addition the best 
practices to mitigate the potential risks that may arise from these hindrance factors were also 
gathered. As a result two checklists were developed, one listing the challenges and the other 
containing a list of the mitigation strategies. During this analysis a categorization was done 
to the risks according to the characteristics and the different dimensions and their 
mechanisms. This process was also done separately for the mitigation strategies. A 
Typological Analysis was used during this classification process. According to Lisa M. 
Given [41], a typological analysis is the process of categorizing findings according to their 
relation. 

For the purpose of this thesis, a typological analysis was performed as part of 
descriptive qualitative data analysis. Typological analysis is an approach for data analysis, 
either quantitatively or qualitatively, that is implemented for the purpose of separating data 
gathered from a particular phenomenon into different categories [41]. The categories that are 
generally developed using this approach are related and are not arranged in any particular 
hierarchical order. In this thesis a typological analysis was performed during qualitative 
examination of the initial finding by adopting the steps provided by Lisa M. Given [41].   

The classification process done through the aid of the Typological Analysis principles 
ensures that there is a relationship between each type and category [41][49]. Furthermore 
each category in a typology does not necessarily supplement each other and they are not 
arranged in any ranking method [41][30],[49].  

 

5.2.1 Rationale for Typological Analysis 
 

Typological Analysis is generally used during research that includes discussions that involve 
data that is retrieved through observation or pragmatic means and not assumptions based on 
entirely logic [41],[49]. Therefore this descriptive data analysis method was ideal for this 
research due to its exploratory nature and the emphasis placed on the type of publications 
included during the SLR. Only publications that provided discussions, based on empirical 
findings, on challenges and mitigation strategies for GSD projects were used as primary 
studies. 

 

5.2.2 Typological Analysis Procedure 
 

As aforementioned the Typological Analysis method followed is the process detailed by 
Lisa M. Given [41] that entails four steps. Figure 8 depicts the Typological Analysis process 
implemented during this study. The following sections further explain the steps in detail. 
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Figure 8 Typological Analysis Steps 
 
 
 

5.2.2.1 Step 1: Identify Framework 

 
Step 1 consisted of two sub-steps namely “Define & Articulate Problem” and 

“Classification”. RQ1 provided the basis and foundation for conducting the Typological 
Analysis. RQ1 facilitated in the defining of the problem and what needed to be collected to 
help answer the research question. Hence to answer this research question the following 
factors had to be collected and analyzed: challenges associated with GSD projects, and the 
administering practices to mitigate these risks. Furthermore the authors in this study agreed 
that they would develop a Challenges checklist and another checklist containing 
corresponding mitigation strategies as part of answering RQ1. 
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GSD challenges occur mainly due to the three distances temporal, geographical and 
social-cultural distances that characterize these settings, which have been discussed in 
various publications such as in[2],[4],[22-25],[50],[51]. As it has been mentioned 
communication, coordination, and control processes are constrained by these distance 
dimensions. The impact of distance towards these three main processes has also been 
elaborated, both individually or together with the other processes, in many GSD literature, 
such as[2],[4],[5],[25],[26],[28],[52]. Additionally authors have noted that distributed work 
encounter challenges in the area related to the 3 C’s, namely Communication, Control and 
Coordination. Due to these distance factors and the 3C’s GSD projects are regarded to be 
more difficult to manage than the most complex projects with project team members located 
in the same building [16],[25].  

Taking into account the importance of these two dimensions, processes and distances, as 
a result both authors agreed to categorize the results of the SLR findings according to the 
3C’s and to further categorize according to the distance characteristics. These distance 
dimensions and processes are considered to be the focal point of GSD, regarding challenges 
and how to address them. For example this categorization was done by determining if a 
challenge was either related to Control, Communication or Coordination. And if it falls 
under one of those types then the next step would be to further categorize the challenge to 
determine if it is a challenge due to either temporal, geographical and social-cultural 
distances. This notion was also revealed and discussed by Ågerfalk and Fitzgerald [25]. As a 
result the table that was portrayed in [22],[23],[25] was adapted for the purposes of 
categorizing the collected data in this study, as represented in Table 10. 

 
 
Table 10 Categorization of Challenges and Practices 

 3 C’s 

Control Coordination Communication 

 

Distances 
Temporal    

Geographical    

Socio-Cultural    

 
 
 

5.2.2.2 Step 2: Data Collection 

 
For the purposes of collecting the necessary data a SLR was conducted by both authors. 

To aid in answering RQ1, publications that discussed risks and challenges of GSD projects 
as well as the mitigation strategies that can be implemented to mitigate the associate 
challenges and risks were gathered.  The credibility of the papers in reporting the prevalence 
of GSD factors, namely risks and practices, was ensured and maintained by only including 
papers that showed that these factors were identified through empirical research. 
Furthermore only papers published after the year 2000 were considered during the SLR. The 
rationale behind this approach was to ensure that the most up-to-date pragmatic research in 
the area of GSD risk management was included in this study. In addition, seeing as GSD is 
viewed as a trend more prevalent in the 21st Century [7],[40], including only papers 
published after the year 2000 ensured that the authors reviewed and gained significant 
understanding of the phenomenon surrounding projects done in such settings during this era. 

 

5.2.2.3 Step 3 & 4: Check Patterns & Reconstruct 

 
A total of 86 papers, of the papers published between 2000 and 2009, were found to 

contain discussions that were relevant for the purposes of this study. Hence during step four 
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and step three both authors systematically collected the challenges as well as the mitigation 
strategies for these issues through the aid of MS Excel documents.   

These factors were analyzed to determine the sources of commonalities and variances, 
similarities and differences in the reported empirical data. The purpose of this process was to 
understand the pattern of the challenges and the mitigation strategies as reported in literature. 
The relevance of the classification that was established during the processes in Step 1 was 
then validated and verified. The validation and the verification process entailed referring to 
back to the papers and analyzing the context in which the challenges and the mitigation 
strategies were discussed. This was done to ensure that the categorization was appropriate 
and fitting to the pattern discovered in the collected data.   

 

5.3 Survey 

5.3.1 Rationale for Survey 
 

The rationale for conducting a survey was to aid authors in answering RQ2. The survey 
design method applied in this thesis is adopted from [44]. The survey was used as a method 
to validate the developed checklists and investigate industrial experiences and practices in 
relation to GSD related challenges and mitigation strategies. The checklists containing the 
challenges and the mitigation strategies, which were developed during the systematic 
literature review, were incorporated into the questionnaire. Later on the questionnaire helped 
the authors in identifying disparities and similarities between empirically based publications 
and the current industrial experience in relation to GSD challenges and mitigation strategies. 
Survey is preferred as a method because it can aid to provide snapshot of the faced GSD 
challenges and practiced mitigation strategies in industry.  

 
Furthermore survey is the only feasible method that can be conducted in research due to 

time and budget limitations.  Initially the questionnaire was developed specifically for a case 
study that had been arranged with a company in Germany. However the company pulled out 
of the agreed case study citing time limitations. The company had over 400 projects, past and 
present, as a result they wanted more time spent on the research so as to provide the 
company with any real benefit. Therefore they deemed the time that was designated for this 
thesis research as not sufficient. As a result the authors had to switch the research 
methodology from a case study to a survey. 

 

5.3.2 Form of Data Collection 
 

The form of data collection used is self-administered survey using web-based internet 
survey, SurveyGizmo (www.surveygizmo.com) [45]. This form of data collection is 
preferred for its convenience in logistics (means of distribution) and mainly cost. 
SurveyGizmo does not charge for students’ research purpose. Furthermore it offers suitable 
data analysis features.  

 

 

5.3.3 Population of the Study 
 

The population of this study is software engineers who are currently or had been 
involved in GSD projects in industry. The population includes all functional groups involved 
in GSD project, such as project management, analysis and design, coding, and testing. The 
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potential respondents were contacted by emails. The prospective respondents were mainly 
the authors’ business contacts, with known experience in GSD. Furthermore, at the request 
of the authors, some of the contacts also forwarded the questionnaire to their colleagues with 
experiences in GSD projects.   

 
The two authors also conducted a search, using web search engines such as google.com, 

for companies that are currently involved in distributed software projects. The companies 
that were identified during this search were contacted through emails that were provided on 
the company’s web pages. 

 

5.3.4 Sampling Design 
 

Since the population utilized in this study was mainly the authors business contacts, a 
more “convenient sampling” process was utilized in this research [44]. Thus the population 
for the survey was largely occupied by participants that could easily be contacted by the 
authors.  Furthermore, some of these contacts also sent the survey to their colleagues that had 
job experience with GSD projects. However, the population itself has been carefully selected 
and limited only to software engineers who have past or present experience with GSD 
projects. 

 
Furthermore the population also comprised of volunteers from industry that were 

contacted through email that was provided on their company websites. As a result the 
population constituted of participants that were selected through random or convenient 
sampling.  

 

5.3.5 Instrumentation 

5.3.5.1 Survey Instrument 

As mentioned earlier, the survey instrument used is a web-based internet survey.  The 
survey used in this study is designed particularly for this study. The content is specifically 
developed to serve the purpose of identifying GSD related challenges and mitigation 
strategies from the respondents. 

 
 

5.3.5.2 Content Section in the Survey 

5.3.5.2.1 General Information 

In this section respondents are requested to provide their email address. The email 
address is mainly used for reference purposes, since first name and last name are not 
requested. Respondents are also requested to provide the following information:  

• A brief description of the project they are or were involved in,  
• their roles and responsibilities in the past or current distributed software 

 development project  
• and also years of working experience working in a distributed software 

 development setting 
 
Furthermore, the purpose of this section is to get brief insight on the respondents’ 

background and experience, and also the type of product that they are developing or already 
developed in a distributed setting.  

 



  36

5.3.5.2.2 Company Related Questions 

The purpose of this section is to provide the authors with an overview of the company 
that was or is currently involved in the GSD project. Respondents are asked to provide 
information on the training offered to employees by the organization to perform in 
distributed projects. 

 

5.3.5.2.3 Project Characteristics 

In this section authors seek to determine the characteristics of the distributed project. 
Therefore respondents are provided a checklist containing data related to the actual 
distributed project related to type of collaboration mode, cultural diversity, linguistic 
diversity, and temporal distance. Respondents are also asked to share whether the product 
they are or were developing is an innovative product. As reported in [53] developing 
innovative products can add to the complexity of GSD project. The checklist provided in this 
section is mainly adapted from [54]. 

 

5.3.5.2.4 Communication Tools, Challenges, and Mitigation Strategies 

In this section respondents are requested to provide information regarding tools of 
communication that they were or are using in the distributed project. Respondents are also 
provided with checklists of challenges and practices related to communication process. 

 
The purpose of this section is to identify the communication challenges that are or were 

being encountered by respondents in the project. Also to identify the mitigation strategies 
that are or were employed to address communication related issues. 

  

5.3.5.2.5 Control Challenges and Mitigation Strategies 

In this section respondents are provided with checklist of challenges and practices 
related to control processes. The purpose of this section is to identify the challenges 
associated with control processes that are or were being faced by respondents in the project. 
Also to identify the mitigation strategies to address the issues in control processes that are or 
were being implemented in the project. 

 

5.3.5.2.6 Coordination Challenges and Mitigation Strategies 

In this section respondents are provided with checklist of challenges and practices 
related to coordination processes. The purpose of this section is to identify the challenges the 
respondents encountered or are currently facing during collaboration of task execution. The 
mitigation strategies currently being employed or were employed in the past projects are also 
collected.  

 

5.3.6 Survey Piloting 
 

The piloting process consisted of an Initial Phase and the External Review Phase. 
During the Initial Phase the authors used the data collected from the systematic literature 
review to plan, design and develop the questionnaire. After this process the authors then 
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went through a series of testing, identifying errors, discussing ambiguities and modifying the 
questionnaire. 

After the initial phase the authors then entered the External Review Phase.  The first part 
of the phase was to send the questionnaire to  colleagues at Blekinge Institute of Technology 
that had taken part and passed the Global Software Development course and were also in 
their last year of their masters program. During this peer review process, suggestions and 
concerns were collected. The authors arranged a meeting and discussed the input from their 
peers and the appropriate changes were made to the questionnaire.  

After the changes to the questionnaire were done according to the input from the peer 
review process, the questionnaire was then sent to the researcher’s supervisor for the 
research thesis project. The supervisor is Dr.Darja Smite and is an expert with undoubted 
experience in GSD research. Adjustments were made to the questionnaire according to the 
supervisors input and sent back to the supervisor for review again. This activity occurred 
several times until the questionnaire met the supervisor’s satisfaction. The steps of the pilot 
testing processes are depicted in Figure 9. 

 

 
Figure 9 Survey Piloting 
 
 
 

5.3.7 Survey Administration 
 

The web-based internet survey, SurveyGizmo, that was used for the survey provided the 
authors with an ability to administer the survey as a whole. The following functionalities 
were provided by using this utility: 

• Using SurveyGizmo 
• Setting up automated email reminders for partially filled in responses 
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• Automatic and systematic maintenance of data from the responses and times 
they were submitted 

• Collection of the responses IP addresses 
 

5.3.8 Execution 
 

The survey was distributed to potential respondents via email. The email contained a 
brief description of the study, the purpose of the study and the benefits for taking part in the 
survey. The link to the survey was also included in the email as well as the estimated time 
for completing the questionnaire. Responses to the questionnaire, fully or partially 
completed, were managed using the services provided by SurveyGizmo.  

 

5.3.9 Evolution of Survey Questions 
 

Initially, the survey questions required more details from the respondents regarding their 
personal information, company, and project details. Personal information like respondents’ 
full names, company name, as well as project name were mandatory fields on the 
questionnaire for the survey. These company related information were more suited for the 
case study. However these details were perceived to be too confidential to be revealed in 
surveys without the consent of the company.  This concern was raised by one of the 
respondents who mentioned that due to contractual agreements, the respondent was not 
allowed to reveal specific information relating to past or present projects the respondent has 
been or is currently involved in. 

Thus the authors were concerned that potential participants may have a similar situation 
in which they have contractual binding agreements with certain company that prevents them 
from providing specific project information, such as project name. In some cases these 
contracts may also still be valid even though the participant is no longer employed at the 
company. As a result, the authors were concerned that they were potentially losing 
respondents due to contractual agreements that they may have. In addition, since this was 
now a survey and not a case study, personal information such as respondents names were no 
longer required. Hence authors made the decision to not request and not collect the following 
information through the survey: 

• Company name 
• Project name  
• Respondents names 

 
Consequently the only personal information gathered from the respondents was their 

email addresses. These emails were solely used for reference purposes and to contact the 
respondents with requests for follow-up interviews. 
 
 

5.4 Interviews 
 

5.4.1 Rationale for Interviews 
 

The rationale for conducting interviews was to validate the checklists used in the survey. 
The properties that will be validated with the interviews are the suitability, usability and 
usefulness of the questionnaire to identify challenges and mitigation strategies in GSD 
projects. 
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5.4.2 Interview Questions Formulation 
 

The interview questions were formulated for the purpose of evaluating the quality of the 
checklists questionnaire and its suitability to the research on challenges and mitigation 
strategies in distributed software development projects. The evaluation was on the following: 

• Readability of checklists  
• Usability of the checklists 
• Complexity of the checklists  
• Understandability and easiness of the checklists  
• Usefulness and suitability of the checklists in identifying challenges and mitigation 

strategies in GSD projects 

The interview contained questions that were both structured and semi-structured.  The 
structured questions required specific answers and the semi-structured questions were open-
end questions. The open-end questions provided the interviewees with an opportunity to 
express their opinion in detail. The questions are listed in Table 11. 

 
 
Table 11 Interview Questions 

Interview Questions 

1 Was the language and the words clear and instantly recognizable? 
2 Are the words and terminology used instantly recognizable and familiar to 

Software Engineering practitioners?  
3  Was it difficult for you to identify the challenges using checklists? If yes, please 

explain why? 
4 Was it difficult for you to identify the best practices using the checklists? If yes, 

please explain why? 
5 Are there any challenges in the checklist that you were not aware of before? If yes, 

please state. 
6 Are there any mitigation practices in the checklist that you were not aware of 

before? If yes, please state. 
7  Did you find the checklist to be useful to identify risks and challenges in 

distributed software project? 
8 Did you find the checklist to be useful to identify mitigation strategies in 

distributed software project? 
9 Would you consider using the checklists to research on issues in future distributed 

software development projects? 
 

 
 

5.4.3 Execution 
 
Respondents from the questionnaire were sent emails requesting follow-up interviews to 

obtain their input on the quality of the survey. Hence the interviews were conducted based 
on the willingness and availability of the interviewees. Options were also provided to the 
respondents on the method they were most comfortable using or was more convenient for 
them during the interviews for example telephone, email, or Instant Messaging tools. Due to 
their busy schedules some of the respondents preferred to have the interview questions 
emailed to them. Whilst some preferred discussing the interview questions through instant 
messaging tools. 

 

 



6 RESULTS AND ANALYSIS 
 

6.1 Systematic Literature Review Results 
A considerable amount of research has occurred in the area of GSE since the year 2000. 

However 86 papers that were published since the year 2000 were found to meet the goals of 
this research and these are the papers that the authors actually extracted data from per 
requirements of the data extraction form. This section contains a discussion of the categories 
that was collected in the data extraction form. A more detailed and in-depth discussion of the 
challenges and the mitigation strategies collected is provided in the next section titled 
Typological Analysis, Section 5.2.  

 

6.1.1 Number of Research Papers 
 

A total of 125 research papers published since the year 2000 were found to contain 
empirical data and were related to GSE. Of these 125 research papers, 68.8% of these papers 
(which is a total of 86 papers) were found to have empirical discussions on the challenges or 
mitigation strategies for GSD settings. Though during the early stages of the start of the 
decade there were relatively a few papers containing discussions on GSD risks, the past four 
years has seen an increase in interest in this area. From Figure 10 it can be seen that in early 
2000 and 2001 there were not many publications on GSD that particularly discuss GSD 
related challenges or mitigation strategies. The most probable reason for this trend is that 
GSD itself is a 21st century phenomena [40].  

In the early year of 2000, research in GSD was still gaining momentum and most of the 
studies were related to motivation and contract management in outsourcing [13]. Notably 
between 2006 and 2009 there was an increase in publications with empirical research related 
to GSD challenges and mitigation strategies. Figure 10 provides a graphical depiction of the 
distribution of the selected publications between the years 2000 and 2009 that had 
discussions of GSD challenges and mitigation strategies and also met the criteria for 
inclusion in this research. As it can be seen in Figure 11, 80% of the selected primary study 
papers are published between 2006 and 2009.  

 
 
 
Figure 10 Distribution of Selected Studies According to Year of Publication 
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Figure 11 Distribution of Selected Primary Studies 
 
 

6.1.2 Research Methods 
 
The most common empirical method for industrial research was the use of a case 

study as depicted in Figure 12. During the case study researchers in the papers often used 
other methods such as interviews and questionnaires as supporting methods to collect 
data. However the analysis methods that were used to analyze the data and results were 
often stated either unclearly or not stated at all in the research paper.  
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Figure 12 Empirical Method 
 

 

6.1.3 Subject of Investigation 
 

Subject of investigation entails the setting where the selected studies took place. In this 
SLR, authors found three main subjects, industry, student, and mix of both. Industry refers to 
studies done in industrial setting or using industrial practitioners as subjects. Meanwhile 
Student refers to studies done in lab setting or using students as subjects. Lastly, Mixed 
refers to studies which use both industrial practitioners and students as subjects. 

Industrial research that involves practitioners provides a better reflection of the actual 
practices in industry though not to discredit other research that uses simulation model. There 
was a larger difference of studies conducted in industry than those conducted using students 
as subjects for distributed settings. Approximately 74% of the 86papers comprised of 
research that was conducted in industry whilst approximately 12% were conducted using 
students as subjects and roughly 1% of the studies contained industrial research and the use 
of students as subjects. Figure 13 shows the distribution of studies conducted in the industry, 
academia, and mix of both. 

Approximately 74% of the 86 papers were studies that reported results obtained through 
empirical industrial research. This shows that most of the GSD factors were from data that 
was obtained from practical experiences and observation. These figures show that the 
epistemology surrounding GSD challenges and mitigation strategies detailed in published 
material is being built on empiricism rather than priori data and theories. This is highly 
beneficial in the study of GSD as this facilitates in ensuring that discussions on the issues of 
distributed development are based on practical and justifiable elements. Therefore this 
provides practitioners, as well as future researchers, with actual prevailing challenges 
encountered when running distributed software projects and how these obstacles can be 
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realistically dealt with. However, the empirical research and the results presented falls short 
on detailing the actual methods or tools for GSD risk management to assist project managers 
in running successful distributed projects. 

In this SLR, authors did not include many studies with students as subjects. Most of the 
studies with student subjects were excluded because most of them discuss neither GSD 
challenges nor mitigation strategies. Most studies with lab settings or student subjects 
usually discuss new approach or methodology in various phases of software development 
tailored for GSD setting. Nevertheless most these studies do not discuss how the 
methodology can be implemented to aid GSD projects. 

 

 
 
 
Figure 13 Subjects of Investigation 
 
 
Smite et al [7] performed systematic review on GSD empirical studies published 

between 2000 and 2007. Since this SLR was based on the previous SLR in GSD empirical 
study, authors would also like to make comparison of the empirical study trend between 
2000 and 2007, as reported in [7], and compare it with the trend for 2008-2009.  

As it can be seen in Figure 14 for both time frames, most empirical studies in GSD are 
conducted in industrial settings. The results of this SLR shows that between 2000 and 2007 
there are 39 papers with industrial settings and 11 papers are from academic settings. 
Whereas between 2008 and 2009 authors found 34 papers with industrial settings and only 1 
paper with academia setting.  

The results corroborate with the results from Smite et al [7], where they reported that 
empirical studies in GSD between 2000 and 2007 were dominated by studies with industrial 
settings. There seems to be not much shift in the trend of GSD empirical studies in terms of 
subject of investigation. However there is an interesting trend where authors found one study 
with mixed subjects from both industry and academia.  

 
 

Industry
85%

Student

14%

Mixed
1%

Subject of Investigation



 
 
Figure 14 Subject of Investigation Comparison 
 
 

6.1.4 Collaboration Mode 
 

The industrial studies were mainly on companies that were involved in collaborations of 
off-shoring mode. Figure 15 shows the distribution of collaboration mode identified from the 
systematic review based on the subject of investigation (industry, student, and mixed). 

Collaboration mode refers to the relationship between the main site and the remote site. 
The categorization of GSD collaboration in this SLR is as follows: 

• Offshoring (intra-organization).  
• Outsourcing (inter-organization). 
• Irrelevant. Most studies with student subjects reported studies with classroom 

settings between two or more universities in different countries. Primary studies 
with student subjects are marked irrelevant since the type of collaboration mode is 
not the focus of the studies [7], unless it is clearly stated in the paper.  

• Mixed. Mixed is where primary studies reported more than one collaboration mode, 
thus the study is categorized as mixed collaboration mode.  

Almost 49% (36 papers) of the papers collected that had industrial research reported 
results from companies with offshoring collaboration mode. Only 22% (16 papers) of the 
industrial research papers reported results from companies that were involved in outsourcing 
collaboration mode. Around 27% (20 papers) of the industrial studies provides unclear 
description of the collaboration mode that was being investigated.   

 
The SLR results show that most of the selected studies are discussing offshoring 

collaboration mode. As shown in Figure 15, there are 37 papers with industrial settings that 
reported studies of offshoring collaboration. Judging from the company names reported in 
most of the studies with offshoring collaboration, these studies were mainly conducted in 
large multinational companies. Some of the well known company names are Siemens, 
Motorola, Ericsson, Philips, HP and Intel. Authors also found two papers based on studies in 
small medium enterprise (SME). Although according to Carmel and Nicholson [55] SMEs 
have the disadvantage to venture into GSD for having minimal resources and high 
transaction cost compared to large enterprises. However it is interesting to find that these two 
papers reported success story in GSD projects and how they managed to gain benefit from 
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globalization regardless of their companies’ size [56],[57]. It is also interesting to see studies 
in which student subjects where the collaboration mode implemented was offshoring. 
Therefore from pedagogical perspective, GSD is gaining interest to certain extend by 
allowing the students to experience different scenarios of collaboration mode.  

 
 

 
 
Figure 15 Collaboration Mode 
 
 
Furthermore authors found 16 studies based on outsourcing collaboration done in the 

industry. From these studies, it was found that 7 out of 16 papers were based on the 
supplier’s perspective. Furthermore 2 studies do not clearly mentioned the perspective of 
studies, and also 7 studies reported from a general perspective. Authors did not find any 
study in outsourcing collaboration mode with the perspective of the originator.   

Unhelpfully, there are 20 papers (around 23%) which did not clearly state the type of 
collaboration. These papers have very vague description in which collaboration mode the 
studies took place. Furthermore most of the papers categorized as irrelevant were from 
studies with student subjects. However authors found one paper with mixed subjects and the 
study was a collaboration project between a company and students, thus it is regarded as 
irrelevant.  Lastly, there was also one paper that reported multiple case studies from both 
offshoring and outsourcing collaboration mode. 

Authors also compared the findings of collaboration mode study trends between studies 
published in 2000-2007 and 2008-2009, shown in Figure 16. The number of studies 
published between 2000 and 2007 shows that there are more studies based on offshoring 
collaboration mode compared to outsourcing. It corroborates to the previous study [7]. The 
number of studies between 2008 and 2009 seems to show the same trend. There has been no 
change in trend of GSD empirical studies, in terms of mode of collaboration. Academic 
researchers need not only focus in offshoring collaboration mode but also outsourcing. There 
might be some lessons learned which have not yet been exposed from outsourcing scenarios, 
which can improve the body of knowledge. However offshoring trend will still continue to 
grow [17]. 
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Figure 16 Collaboration Mode Number of Studies Comparison 
 

 

6.1.5 Number of Sites 
 

In this SLR, 44 out of 86 selected studies clearly stated the number of sites participating 
in the studied projects.  The number of sites varies from 2 development sites up to more than 
15 sites. The rest of the selected studies (42 papers) do not clearly mention the number of 
sites involved in the studies. Many of the studies actually stated the number of sites that the 
company had. However it is not clearly mentioned how many sites were actually included in 
the study.  

Logically the higher the number of sites increases complexity in coordination and task 
distribution in GSD project. Nonetheless, authors did not find significant difference the type 
of challenges between studies reporting collaboration of 2 sites and studies reporting 
collaboration with more than 10 sites. Figure 17 shows the number of studies which report 
the number of sites involved in the studies.  

 

Figure 17 Number of Primary Studies that Reported the Number of Sites 
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6.1.6 Development Models 
 

In this SLR, authors investigated the development models that were used in GSD 
projects. Development models refer to the software development methodology that is being 
implemented in the studied projects reported in the selected study.  Authors investigated 
development models that could aid GSD projects and in the aspects they can be utilized.  

Figure 18 shows the distribution of development models reported in the selected studies. 
However as it can be seen 81% of the selected studies do not provide clear description of the 
development methodology that was taking part in the studied projects or cases. Only 11 % of 
the studies reported use of agile methodology. Around 8% of the selected studies reported 
other methods.  

 

 

Figure 18 Development Models 
 
 
Table 12 details the reported development methods in the selected studies. There are 6 

out of 9 studies on agile methods that clearly say the agile practices taken in the studies cases 
or projects. The identified agile practices include, eXtreme Programming (XP), Scrum, pair 
programming, and ‘agile rigid’. Furthermore other development methods identified in the 
selected studies include incremental model, phased, distribution, RAD, and waterfall. 

 
 
Table 12 Identified Development Models 

 

Development Methods 

Number 

of 

Studies 

Agile: 
Scrum 
XP 
Scrum + XP 
‘Agile Rigid’ (Hybrid ( of agile + traditional)  
Pair programming 
Not clear 

 
1 
1 
1 
1 
2 
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Incremental 4 
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Phased Distribution 1 
V-Model 1 
Mixed (RAD, Incremental, and waterfall 1 

 
 
The low number of reported studies using agile methodology does not imply that agile 

methods are not common or difficult to use in GSD projects. It may be due to the high 
percentage (86%) of papers not reporting the development methodology implemented in the 
GSD study. From 9 papers reporting on use of agile methods, only three studies clearly 
described the methods used. Authors found success stories of agile methodology 
implementation in several studies [5][58][23],[59]. It implies that agile methods have the 
potential to aid in achieving successful GSD projects. However the research in agile methods 
in GSD is still in its infant state, the applicability still requires extensive research [23],[60]. 

Incremental approach, despite the low number of reported studies, also shows potential 
in aiding successful GSD projects. In [61], it is reported that the incremental development 
models that was being implemented in the studied case helped the project to distribute task 
and worked well for communication mechanism. Ebert and Neve [62] also reported that 
incremental approach was one of their key success factors in GSD projects.  

In general, it is important to report the usage of other development methods, so there are 
more lessons learned, both good and bad, that can be collected. Furthermore it is also 
important for future research to report how the success is achieved through implementation 
of particular development methods. For instance as reported in [5], the success of agile 
implementation is supported by close customer collaboration.  

 

6.1.7 Summary 
 

The few number of papers that the authors collected and finally included in this study 
(86) that discussed GSD related challenges and practices shows and supports the general 
notion echoed by various authors on the immatureness of research being carried out in the 
area of GSD [3]. Most of the papers placed a much more emphasis on the challenges and 
problems associated with GSD and, in the overall paper, little discussion was offered on the 
possible solution techniques.  

However progress has been made in trying to understand the risks associated with such 
ventures as seen by the increase in industrial research done between the years 2006 and 
2009. About 80% of the papers were published during this year range as shown in Figure 11.  

The SLR results show that the most common empirical method used during these 
industrial researches is case studies. In some of these case studies interviews or 
questionnaires or both methods were used for data collection purposes.  

 

6.2 Typological Analysis Results 

A total of 48 challenges and 42 mitigation practices associated with GSD were identified 
during the systematic literature review. These challenges and mitigation practices are 
categorically discussed in-depth in this section. 
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6.2.1 GSD Related Challenges 

6.2.1.1 Communication 

6.2.1.1.1 Temporal Distance 

Ideally, a face-to-face meeting is the most effective means of communicating. In GSD, 
the team is not only dispersed geographically but it can be dispersed into different and 
contiguous time zones. Temporal distance adds challenges to achieve effective 
communication among distributed team members and reduces the quality of communication. 
With temporal distance present as hindrance in communication, real time and synchronous 
communication using telephone, instant messaging, or video/chat is hard to achieve 
[4],[63],[64].  

In the case presented in [63], the development team is dispersed between US and 
Australia, with no time overlap. The team mostly relies on using email as media of 
communication. Usage of asynchronous communication tools, such as email or voice mail, 
increases the possibility of ambiguity of information [64],[65]. Meanwhile communication is 
considered ineffective if the communicating parties do not understand each other. 

 
Delayed communication feedback is another challenge cause by temporal distance, as 

reported in [21],[23],[8],[16]. It is to some extent the side effect of the previous challenge, 
lack of synchronous communication. In [4] shows that “the use of these tools (asynchronous 
communication tools) over temporal distances increases the time it takes to receive a 
response”. Table 13 tabulates communication challenges caused by temporal distance 

 
 
Table 13 Communication Challenges for Temporal Distance 

Communication 

 Challenges References 

Temporal 
Distance 

Lack of synchronous communication or interaction 
(i.e. inability to communicate in real time) 

[4],[62],[64],[66],[67],[
21],[68],[9],[69],[70] 
 

Delayed communication feedback [4],[6],[8],[9],[16],[21],
[23],[71],[59],[66],[67]
,[72-74] 

 
 

6.2.1.1.2 Geographical Distance 

One of the motivations of implementing GSD is to reduce cost by employing developers 
from low wage countries [21]. It means that the software development process no longer 
reside under one roof, thus it creates geographical distance. The challenge that arises with 
geographical distance is that team members can hardly meet each other face to face 
[16],[4],[60]. Meanwhile face-to-face communication is deemed to be the most efficient 
communication channel [2],[75]. Thus the quality or richness in communication is also 
reduced [23],[2],[28]. 

Team members who are separated by distance can hardly have “small-talk” with each 
other as part of informal communication [4],[73],[76]. They do not have the privilege to have 
small discussions with each other during coffee break. Furthermore it is difficult for them to 
develop interpersonal relationships [77], because most of the times they never even meet 
with each other. Trust is also an issue that arises in distributed teams [8],[16],[78]. Trust is 



  50

an important thing in a team, particularly distributed teams, it enables higher productivity 
and reduces conflict [16],[79]. It also becomes more difficult for team members to develop a 
sense of “teamness” [4],[64],[66] because the team members hardly meet each other. The 
issues of developing trust and sense of teamness can be traced back to the lack of face-to-
face meetings, as reported in[21]: 

“With no face-to-face communication, it may be very difficult to create a feeling 

of teamness and to establish trust”. 

With geographical dispersion the communication frequency among team members is 
reduced [6],[80]. This notion has also been addressed by Allen in his book “Managing 
technology flow”. Reduced communication frequency can have significant impact on GSD 
projects as reported in [80]: 

“From a factorial analysis, we found that communication frequency has strong 

impact on total effort and project duration... One can see that the impact of the 

change in communication frequency is relatively low except when communication 

frequency was reduced by 50%.  This implies that it is very important to maintain 

the level of communication frequency between development sites”.  

In order to meet face-to-face team members need to travel, however travelling can be 
quite costly [77],[78]. To cope with reduced face-to-face meetings and travelling costs the 
use of communication technologies are often used. However these tools causes cost overhead 
for communication, furthermore with delays of response caused by temporal distance also 
causes time overhead [23].   

Another communication issue caused by geographical distance is loss of data during 
transfer due to differences in tools [81]. Sometimes data loss can also be caused by usage of 
different tools. For instance, when someone opens a text document written with MS word, 
there are chances that the formatting is lost when the other person opens it with Open office 
and as a result the document requires rework. Bhat et al [81] expresses this issue in their 
study on Requirements engineering in GSD project: 

“Having multiple tools, templates, and methodologies that don’t integrate or 

interoperate can lead to wasteful RE rework or loss of data during transfer from 

one tool to another, which can increase requirements defects” 

Table 14 summarizes communication challenges caused by geographical distance. 
 

Table 14 Communication Challenges for Geographical Distance 
Communication 

 Challenges References 

Geographical 
Distance 

Lack of team cohesiveness (i.e. lack of a sense 
of teamness) 

[63],[4],[64],[66],[6],[
72],[73],[82-84] 

Effort overhead required for communication [23] 

Lack of trust between team members [8],[16],[85],[53],[64],
[66],[78],[79],[86] 

Limited face-to-face meeting [4],[16],[56],[60],[67],
[77],[86] 

Reduced quality or richness in communication [23],[28],[59],[77],[82
],[84] 
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Limited possibility for informal communicating 
due to dispersion of sites (i.e. spontaneous 
communication through social relationships, like 
discussing work during lunch time) 

[4],[21],[51],[67],[70],
[73],[74],[76],[86-88] 

Extra costs for travelling to have team members 
meet face-to-face 

[58],[89] 

Restricted interpersonal relationships build-up 
(due to dispersion of project members) 

[77][88] 

Loss of data during transfer (i.e. from one tool to 
another tool) 

[81] 

Reduced communication frequency [6],[80] 

 

6.2.1.1.3 Socio-cultural Distance 

In GSD projects team members are often from different nationalities. Cultural diversity 
in GSD projects can be an enriching factor. However it also becomes a challenge, as reported 
in [23],[88],[90]. For instance in a society or corporation with high power distance, it is 
difficult to implement agile methods, because of the hierarchical chain of commands. 
Furthermore, cultural distance can also be present at organizational level between two 
companies, not always between nationalities [27].  

Language difference is often mentioned as one of the challenges in communication 
caused by socio-culture distance [8],[19],[76]. Misinterpretation of message often happen 
when two communicating parties conversing using foreign language. Furthermore it causes 
lack of mutual understanding among team members [4],[8],[82].  

In addition to language difference, misinterpretation can be caused by differences in 
certain terminology usage. Thus ensuring common terminology across remote sites becomes 
a demanding task in GSD projects [4],[8],[23]. Uncommon terminology can be caused from 
local language perspective or business/development perspective. A simple example of 
terminology difference is how American and British interpret the word “mad”. For 
Americans, it means angry. However for British, it means crazy.  Smite reported similar 
finding on the issue in [8]: 

“Project managers from XYZ reported on frequent misunderstandings 

interpreting the requirements in the beginning of the project. These problems are 

sometimes caused by local language peculiarities, sometimes by lack of language 

skills in particular business field by the developer organization”. 

Table 15 tabulates communication challenges due to socio-culture distance. 
 

Table 15 Communication Challenges for Socio-cultural Distance 
Communication 

 Challenges Reference 

Socio-
Cultural 
Distance 

Ensuring common terminology between sites [23],[8],[4],[9],[87] 

Linguistic (language) differences between sites [4],[8],[19],[36],[37],[
91],[92],[56],[62],[64],
[67],[69],[70],[76],[89
],[93-95] 
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Cultural diversity between development sites or 
teams 

[23],[16],[88],[93],[36
],[90],[39],[27],[24],[9
6],[56],[63],[66],[77],[
79],[84],[94],[91],[97],
[98] 

Lack of mutual (shared) understanding among team 
members in different development site 

[4],[8],[9],[21],[99],[5
7],[56],[59],[61],[89],[
82],[87],[100] 

 
 

6.2.1.2 Coordination 

6.2.1.2.1 Temporal Distance 

In GSD, effective collaboration is hard to be achieved due to distance aspects 
[4],[23],[101]. In cases where two development sites have no time overlap like US and 
Australia, as discussed in [63], team members have very limited time to collaborate in real 
time. The impact of temporal distance in collaboration is also reported as follows: 

“Temporal distance can be caused by time zone difference or time shifting work 

patterns and can be seen as reducing opportunities for real-time collaboration 

..”[4] 

As the time to collaborate becomes more limited, it can influence the process of 
coordination. There is a chance of redundant piece of work or poorly tested components, 
which lead to rework and delays [101]. Team members, including project managers, have 
limited opportunity to integrate their produced work effectively due to temporal distance. 
Table 16 summarizes challenges in coordination process due to temporal distance. 

 

Table 16 Coordination Challenges for Temporal Distance 
Coordination 

 Challenges References 

Temporal 
Distance 

Limited collaboration time due to little or no 
overlapping of work hours between sites 

[4],[23],[37],[102],[63
],[86],[101] 

 

 

6.2.1.2.2 Geographical Distance 

With limited chances to see each other due to geographical distance, there is occasional 
confusion of roles and responsibilities among distributed team members [87]. In order to 
coordinate work properly ensuring awareness towards changes particularly to project 
documentation is highly important in GSD projects. It is important to ensure that the 
information regarding changes is disseminated properly [27].  

Change management process is a challenge in GSD projects [36],[64],[81]. It requires a 
clear and concise definition in its implementation, because in GSD projects there are 
different stakeholders (developers, business consultants, etc) which are separated by 
distance. Therefore these people need to be aware and understand every change made 
throughout the project.  
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Defining a software development process that suits GSD projects is paramount in its 
success. However it is not such an easy task [36],[37]. Selecting the appropriate software 
development process sometimes becomes an issue in offshoring scenario, where the 
collaborating companies have different approaches. It can be quite difficult to find software 
development processes for both companies [36]. Sometimes the issue of software 
development process arises from lack of a clear definition [37]. 

Usage of appropriate tools is also significant in GSD projects. It is important to ensure 
that the appropriate tools are used in the project. Appropriate tools not only refer to its use 
but also other aspects, such as licensing. Bhat et al address the issue in [81]: 

“However, when the project started and the vendor team traveled to meet the 

client team for requirements gathering, the team realized that the newly acquired 

tool was available for only a single licensed user, and the tool vendor couldn’t 

provide basic training. This opened another debate when the client suggested a 

generic documentation tool as an alternative to the vendor’s specialized tool”. 

Apart from appropriate tools, ensuring that the tools used across development sites are 
compatible is another challenge [87],[103]. For instance, in Java development using 
Enterprise Java Beans (EJB) can have different configuration parameter when it is developed 
using Windows or Linux. The difference in configuration parameter can have major impact. 
If the developer is developing under Linux and the tester is working under Windows, the 
tested module may not work completely.  

GSD project are different compared to collocated projects [2]. There are global factors 
that make GSD different [16]. Thus people who are inexperienced in GSD project can have 
difficulties to cope with the situation [27],[87]. Even experienced project managers do not 
always manage GSD projects effectively and efficiently [16].  

As mentioned earlier, often GSD project team members never meet each other. In some 
cases they will not have past experience of working together. Limited experience working 
together as a team also becomes an issue in GSD projects [82],[104]. It is also difficult to 
keep up with remote colleagues who are widely more experienced in the particular domain 
or have higher level of education [21],[66]. Gaps in experience can also cause problems 
during the development. For instance cost and time overhead, as addressed by Conchúir in 
[21]: 

“Companies taking on GSD should be aware that even if cost savings will be 

achieved, it may take some time to get the full development activities up and 

running. The managers in Fidelity noted that they needed to build up the “critical 

mass” of the team in India, where there was limited experience in the particular 

project. In taking onnew developers located in India, one manager said that they 

would not partake in any GSD effort for their first three months”. 

Project scope definition has been a problematic issue in any software project. It becomes 
more severe in GSD projects, because of distance aspects. Defining project scope is more 
difficult if the stakeholders are dispersed geographically, as addressed in [71]: 

“Team members felt that efficient scope and requirement management could not 

be carried out at a distance, especially during the requirement elicitation phase 

and during the inevitable project phases when the customer points towards a 

scope creep” 

Planning appropriate task distribution relates to the type of work allocation (module-
based distribution, phase-based distribution, and follow-the sun) [2]. Selecting the 
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appropriate activity distribution model is one of the most challenging challenges tasks in 
GSD projects [21],[23],[61]. Deciding which activities to be distributed and how they are 
distributed can determine the success and failures of the project. As reported in [9], 
distribution model can influence the success or failure of certain projects.  

In GSD, team members often do not have equal access to the appropriate information 
[63],[81]. Sometimes the provided information to the remote team is insufficient, thus 
leading to rework [81]. Ensuring proper flow of information is almost as important and 
challenging as ensuring equal access to information [21],[82],[87]. Communication 
bottleneck can cause delays [87], meanwhile excessive flow of information can be 
overwhelming [105].Table 17 tabulates coordination challenges caused by geographical 
distance. 

 

Table 17 Coordination Challenges for Geographical Distance 
Coordination 

 Challenges Reference 

Geographical 
Distance 

Ensuring transparency of roles and responsibility 
across remote sites 

[87],[106] 

Ensuring all remote sites are aware of change to 
important project documents e.g. requirements doc. 

[27], [106] 

Defining a software development processes that 
suits the project's distributed setting 

[36],[37] 

Different (or incompatible) tools used across sites 
(e.g. difference in operating systems, difference in 
development environment) 

[87],[103] 

Ensuring the appropriate tools is available to 
support distributed work 

[81] 

Limited working experience in distributed 
development setting 

[87],[27] 

Limited experience in working together as a team [21],[66],[82],[104] 
Define appropriate project scope [75] 
Ensure equal access to information to remote team 
members 

[63],[81] 

Planning appropriate activities distribution [9],[21],[23],[61],[9
2],[107] 

Ensure appropriate flow of information throughout 
the project 

[21],[82],[87],[108] 

Define appropriate change management processes [64],[84],[81],[36] 
 

 

 

6.2.1.2.3 Socio-cultural Distance 

Knowledge and information sharing often becomes an issue in GSD projects. 
Sometimes the reluctance to share information is because of linguistic differences and lack 
of communication skills [8],[36]. It can also relate to another issue such as trust [21]. 
Furthermore hindrance in sharing knowledge and information can influence the frequency of 
coordination which can lead to poor deliverables and possible rework [73]. 

As mentioned earlier, cultural distance does not necessarily occur only between 
nationalities. Different companies have different cultural norms as well [27]. In GSD 
projects ensuring common understanding in ways of working across development sites can 
be quite a challenge.  Misalignment of work processes can significantly impact coordination 
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processes [100]. In conjunction with ensuring common ways of working, managing joint 
processes and tools can also be a challenge in GSD projects. This issue is mainly influenced 
by task distribution challenges [9]. Table 18 summarizes the challenges caused by socio-
culture distance. 

 
Table 18 Coordination Challenges for Socio-cultural Distance 

Coordination 
 Challenges References 

Socio-
cultural 
distance 

Knowledge and information sharing barriers (i.e. 
maybe due to difference in language)  
 

[23],[36],[37],[63],[76
],[87],[99],[107] 

Ensure common understanding in ways of working 
across development sites  

[67],[9],[81],[97],[61],
[100] 

Define, implement, and manage joint processes and 
tools  
 

[63],[16],[64],[9],[109
] 

 
 

6.2.1.3 Control 

6.2.1.3.1 Temporal Distance 

Authors did not find challenges that are unique in control processes caused by temporal 
distance. The challenges encountered in control process found were redundant and also 
present in other processes. The challenges in other process areas that can also be associated 
with control include planning appropriate activities distribution (coordination) and delayed 

communication feedback (communication).  

Follow-the-sun approach becomes a concern for planning activities distribution in 
relation to temporal distance. Follow-the-sun is an approach to leverage time zone 
difference, where round the clock development can be achieved.  As reported by the 
companies in the case study conducted by Conchúir et al [21], not all efforts are suitable for 
“follow-the-sun” development.  Testing and bug resolution activities are reported to be more 
suitable for “follow-the-sun” development. However this setting may not be ideal for 
distributed development tasks and as a result may slow down the progress of the 
development efforts especially if the overlapping hours between sites are limited. Delayed 
communication feedback can also be an issue in control processes. With delays in response 
and problem resolution it is more difficult to coordinate tasks [73]. 

 

6.2.1.3.2 Geographical Distance 

Project management process is quite challenging in general. It requires more caution and 
attention in GSD projects [37],[61],[63]. In relation to control processes, preparing accurate 
effort estimation is more difficult because of the distance aspects [95]. Accurate effort 
estimation is essential, particularly in GSD. As reported in [110] distributed teams with 
uneven effort distribution produce higher numbers of defects compared to teams with even 
effort distribution. Effort overhead required for communication is also often underestimated 
[64]. 

Managing team dependencies is a challenge of its own [64],[65],[81]. It has similar 
concept with managing module dependencies. A good team is one with high cohesion and 
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low coupling [2]. Team dependencies need to be taken into consideration because an overly 
dependent team can cause extensive communication overhead [21]. 

In addition to team dependencies, tailoring the appropriate organizational structure is 
also a challenge in GSD projects [9],[111],[108]. Overly hierarchical organization structure 
can hinder the flow of information [108]. Furthermore it can also cause delay in problem 
escalation [9]. Conflict can also arise if there is redundancy of staff [83].  

Developing software in a GSD setting involves different stakeholders who reside in 
different geographical locations. Aligning stakeholders’ interest can be a major challenge, as 
it can create conflict in the project [66],[81],[112]. Not openly and explicitly aligning 
interests and goals among stakeholders can lead to “competition and not cooperation” 
environment [16]. Furthermore fear of job loss due to outsourcing often shows up as a 
challenge in GSD [21],[68]. This challenge can also influence the process of aligning 
stakeholders’ goals, as reported in [16]: 

“An organization switching to outsourcing mode puts its own employees under 

threat of being fired. This leads to a competition instead of collaboration with the 

remote suppliers. Inability to achieve a shared understanding and compensation 

of diversity in work practices leads to remote team goal separation”. 

 
Aligning stakeholders’ goals is one challenge, maintaining stakeholder participation and 

commitment is yet another challenge in GSD [62],[95]. It can negatively affect the 
productivity and quality of produced work. Lack of stakeholders’ commitment is associated 
with the lack of trust and face-to-face meetings [16]. 

 
Legal issues can pose serious threats in the case of GSD [62],[75]. Different countries 

have different regulation regarding contracts, liability, intellectual property or human 
resource management. They can become a major obstacle in achieving successful GSD 
projects, if not handled prior to starting development [113]. Apart from unknown legal 
issues, migration regulations related to travelling visa should also be taken into consideration 
as it might influence the course of the project, as reported in [75]:  

“Travel between the two locations has been encouraged by the project manager, 

and sufficient budget has been allocated for the project team to travel between 

the two sites. However, visa restrictions and tight project delivery deadlines have 

advised against excessive travel”. 

 
GSD promised the benefits of having closer proximity to market and access cheap labor 

[2],[21].  However it makes GSD projects become more prone to changes in economic 
condition of the contractor country, especially wage inflation. Ebert et al [39] reported that 
between 2004 and 2007 salary in India has increased by 14%. 

GSD projects not only faced challenges related to distributing the tasks. Furthermore 
integrating the remotely developed modules is yet another challenge [21],[37]. Conchúir et al 
address this issue in [21]: 

 
“Furthermore, modularization of work can create integration problems. For 

example, if remote teams become too independent, with a lack of inter-site 

communication during the development stage, there may be difficulty in 

integrating their work in the end when incorrect assumptions about functional 

requirements come to light”. 

 
Rework of developed components is one of the challenges in GSD projects [9],[23]. 

Extra cost is usually required in a case of rework, thus it needs to be avoided [9]. Yet with 
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distance factor and less rich communication misalignment, misunderstanding of work 
processes and goals often occur. It can lead to rework of developed components [9],[23]. 

 
In GSD projects, most communication is done via email. There is a high traffic of 

information exchange over the internet. Security breach is one of the risks in GSD 
[109],[113]. Security breach is not only related to hacking, viruses, or Trojan implantation. It 
can also relate to loss of intellectual property, like source-code. In some countries regulations 
on patenting and securing intellectual property is not reinforced [39]. Risks of losing 
intellectual property as a form of security breach are high in GSD projects.   

 
Management of project artifacts requires special attention in GSD projects. It is crucial 

for the success of the project and closely related to managing change management 
[87],[108]. Kotlarsky et al in [108] reported how poorly managed project artifact can 
negatively impact the project and vice versa: 

“SAP updated specifications were available on the intranet, and remote teams 

were informed about any modifications through their contacts. New knowledge 

was captured and made explicit and accessible to all team members. However, at 

Baan there was no central point of access to updated documents and, often, 

employees used outdated specifications to design their products”. 

Table 19 summarizes challenges in control process caused by geographical distance. 
 
 
Table 19 Control challenges for geographical distance 

Control 

 Challenges Reference 

Geographical 
Distance 

Aligning stakeholders' goals and interests  [16],[66],[67],[87],[8
1],[112] 

Preparing accurate effort estimation  [63],[64],[95],[61],[1
10] 

Maintaining stakeholders participation and 
commitment in the project  

[16],[62],[95],[98],[6
1] 

Problematic issues related to integrating 
components developed remotely  

[21],[37] 

Managing team dependencies (especially teams 
located in different geographical locations) 

[61],[64],[65],[81],[1
06] 

Tailor organizational structure to reduce delays in 
problem resolution  

[9],[83],[58],[108],[1
14] 

Difference of legal laws (e.g. Jurisdiction, Patent 
Laws, International laws) 

[62],[75],[84] 

Minimizing the fear of job loss due to 
outsourcing/offshoring of tasks  

[63],[21],[23],[62],[6
8],[87] 

(Maintain) transparency and progress visibility of 
project status (to all sites involved in project)  

[16],[6],[72],[73],[82
],[27],[5] 

Protecting against security breach [109],[39] 
Managing project artifacts [87],[108] 
Avoid rework of developed components [23],[9],[100] 
Manage wage/cost inflation [39] 
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6.2.1.3.3 Socio-cultural Distance 

In GSD projects it is often quite difficult to monitor the availability of the employee in 
the remote site or from the vendor. Main sites or clients have very low control over who is 
employed in the remote sites or by vendors. High staff turnover is not only related to the 
rewards or perks received by employees. As reported in [21] high staff turnover often occurs 
in developing/Asian countries like India. It is due to the high number of job opportunities in 
the respective region [39].  

Gathering resources with the appropriate skill level becomes difficult with the less 
control over resources in remote sites. Often the allocated resources in the project do not 
have sufficient skill level required for the task [87],[104]. However such an issue is 
sometimes not addressed because in certain cultures it is not regarded as polite to say ‘no’ 
when queried on their ability to perform and complete a task [2]. 

From socio-culture perspective, Ensuring equal share of knowledge can be caused by 
lack of shared context due to culture differences [9],[37]. Reluctance to share knowledge is 
often triggered by fear of loss of internal knowledge [109] or poor knowledge management 
process [64]. Furthermore lack of equally shared knowledge can lead to another challenge, 
i.e. maintaining transparency of project status as reported in [73]. Table 20 tabulates 
challenges to control mechanisms due to socio-culture distance. 

 
 
Table 20 Control Challenges for Socio-cultural Distance 

Control 

 Challenges Reference 

Socio-
Cultural 
Distance 

Ensure team members share the equal knowledge of 
the domain  

[9],[36],[37],[64
],[67],[73],[84],[
87],[91],[94],[99
],[109] 

Project members leaving during the middle of project 
(Staff turnover)  

[21],[62],[39] 

Inadequate skills from remote team members  [87],[104] 

 
 
 
 

6.2.2 Mitigation Strategies 

6.2.2.1 Communication 

6.2.2.1.1 Temporal Distance 

The possibility of increasing the number of hours worked on a project through taking 
advantage of “follow-the-sun” development is one of the perceived benefits of running 
distributed development projects on a global scale. However having sites located in different 
time zones, for instance one in an Eastern Standard Time zone (EST) and another in Central 
European Standard Time zone (CEST) can result in communication delay which may slow 
down the progress of the whole project. A possible solution for tackling such a scenario 
would be to increase the number of overlapping hours between the two sites and this can be 
achieved by shifting working hours [21]. For example in the case study conducted by  E. 
Conchuir et al [21], Hewlett-Packard (HP) shifted working hours between the sites in US and 
the site in Ireland for the purpose of increasing overlapping working hours. This resulted in 



  59

the creation of a “virtual day across their virtual team” and a reduction in time difference in 
working periods for the sites [21]. Therefore having some overlapping hours between sites 
reduces temporal distance and acts as a strategy for mitigating any issues that may result due 
to time differences between sites [21].  

Furthermore, having overlapping hours between sites also allows for the possibility of 
some form of synchronous communication between the sites through means of perhaps 
telephone or instant messaging [21],[111]. As a result the project team members between the 
sites can also use video conferencing instead of relying on asynchronous and less rich 
communication media like email as the form of information exchange [21],[115].   

The adverse effect of temporal distance that it has on communication can also be 
mitigated by adopting a flexible communication hierarchy. In a situation in which there 
exists a large temporal distance between sites, a complex and rigid communication hierarchy 
can stifle communication flow and result in high response-wait times during information 
exchange between sites [8]. Feedback delays resultantly slow down the problem resolution 
process and consequently can cause unnecessary delays during the project [8]. This delay 
becomes more evident and significant the larger the temporal distance between sites. 
Therefore reducing the processes, methods and rules that need to be adhered to, (also known 
as bureaucratic red-tape) and also limiting the chain of command ensures that issues can 
easily and quickly be communicated between sites. A flexible, uncomplicated 
communication mechanism also paves the way for the occurrence of informal 
communication between sites and also prevents redundant and ambiguous communication 
channels [57]. Therefore information exchange between sites experiencing considerably 
large time differences can be accelerated by adopting a flexible and adaptable 
communication pattern. Consequently this has the added advantage of reducing the 
communication cycle for issues and thus may speed up the completion of tasks. Table 21 
summarizes the identified practices for communication to minimize effect of temporal 
distance. 

 
 
Table 21 Communication Practices for Temporal Distance 

Communication 

 Strategy Reference 

Temporal 
Distance 

Shift work hour to increase time overlap [21], [115] 

Reduce communication hierarchy [8], [57] 

 
 

6.2.2.1.2 Geographical Distance 

Dispersion of teams can have a severe effect on the ability, or lack thereof, of project 
team members to communicate effectively. More specifically, the inability to interact in 
person limits the possibility of dispersed project members to communicate informally. Thus 
if the development sites are in close proximity and the travel costs are not so significant, and 
would not dent the project budget, then frequent travel would ideally be the best solution to 
ensure that project team members from both sites develop an informal and comfortable 
working relationship [4]. Occasional collocating of the teams also improves the work 
processes and performance of the team [116]. Furthermore, frequent site visits facilitates in 
the development of knowledge and understanding of the norms and operating customs of 
other sites in the distributed setting. Consequently frequent travelling for in-person meetings 
helps to develop trust between dispersed project team members which in turn facilitates in 
performing collaborative work [4]. 
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If the arrangement of frequent travelling during the course of the project between sites is 
a burden and costly a possible solution to maintain some form of unity between 
developments sites is to encourage the project team to use rich communication tools such as 
Web-conferencing, video and instant message chatting. The use of groupware tools is 
reported to be economical and a good alternative to consider when in-person communication 
is improbable [117][57]. Groupware packages are tools that permit multiple users to access a 
single software file, document or application, for example NetMeeting provided by 
Microsoft Inc which permits for file transfers and video chat as well [115]. 

Communication and collaborative tools are essential to the success of software 
development projects [4],[118]. The effectiveness of communication between sites that are 
separated geographically is dependent on the appropriateness of the tools and the quality of 
the tools utilized [119]. The communication tools supplied to the project team in a 
distributed setting should be of good standard and ideal for its intended purposes. For 
instance, for Requirements Engineering purposes groupware tools are reportedly fitting for 
mediating information exchange and facilitate execution of collaborative tasks between 
dispersed sites [117]. Therefore the issues that may be caused by lack of in-person 
communication can be mitigated through the use of effective, appropriate and rich 
communication media and tools [16]. 

Using a development lifecycle that requires frequent communication between project 
team members can significantly improve exchange of ideas and information between sites 
[16]. Agile Software Development methods are a good example of such development 
processes [16]. The logic behind the support of agile development methods for addressing 
some of the issues in GSD projects is that “communication” is a common key element in the 
success of both [5]. In the attempt to run a successful distributed project, communication 
between stakeholders is perceived as an extremely imperative ingredient [5][60]. Agile 
methods encourage the need for frequent communication and regular feedbacks due to their 
highly flexible and unpredictable change to work documents such as requirements 
specifications [5][60][23].  Therefore agile methods, such as Extreme Programming and 
Scrum, are more people-centric and thus also promote and facilitate collaborative work 
activities [23], [60]. Furthermore some researchers suggest combining traditional planning 
methods, which are more process-centric, and the flexible agile methods to combat the issues 
brought forward by distributed projects [60].  

In the study conducted on Agile processes in GSD in the companies Intel and HP it was 
found that using agile methods in distributed projects improved the sense of teamness within 
a dispersed team [23]. Specifically the Scrum method was found to improve communication 
between dispersed teams due to members being able to participate and communicate through 
technologies such as web pages [23]. Therefore Scrum processes can be implemented as a 
method to mitigate the issues caused by geographical distance. Moreover, by encouraging 
participation of dispersed project members the iterative processes of Scrum methods also 
facilitates in developing a feeling of belongingness and teamness [23]. 

However research in this area, specifically on the implication of implementing agile 
methods in distributed software development projects, is still in its infant stages [60]. The 
applicability of agile methods in distributed software development projects is still being 
doubted by different researchers [23]. Table 22 summarizes the identified practices to cope 
with geographical distance. 
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Table 22 Communication Practices for Geographical Distance 
Communication 

Geographical 
Distance 

Strategy Reference 

Frequent travel [4], [59],[116] 

Implementation of appropriate communication model [117],[57], [4], 
[16],[120] 

Use of groupware application [115],[117], [16] 

Implement development methods that promote frequent 
communication (i.e: Agile methods) 

[16],[5],[60], 
[23], [59] 

Use of rich communication media [115], [117], 
[57],[16], 
[121],[111],[118-
120] 

 
 

6.2.2.1.3 Socio-culture Distance 

Socio-cultural distance encompasses norms individual and organizational culture and it 
plays a major role on how people interpret or respond to certain situations [4]. The 
differences become more evident between individuals the further they are geographically 
dispersed. A possible method to reduce the distance is by developing a steering group in one 
of the sites. For instance in an Outsourcing collaboration mode, a steering group may be 
employed at the base of the software suppliers with the main purpose to mediate 
communication between developers and the contracting partner. This scenario was 
implemented in the case study conducted by Ma et al [19], in which the Chinese software 
supplier ensured that all communication between the Chinese developers and the outsourcers 
was done through the steering group. The steering group was used as the mediator between 
the software suppliers and the customer to limit the possibility of any misunderstandings or 
disagreements. Thus such a strategy limits the damage that can be caused by 
miscommunication and misinterpretations due to language barrier and cultural difference.  

The same concept can also be applied in outsourcing projects in which the partners 
involved are in different geographical locations that experience different cultural norms. In 
the study conducted by Zopf [89], the use of a mediator between the remote team and the 
local team was noted as necessary for outsourced projects. The mediator, termed as a 
“Beach-head” in that paper [89], can be used by the remote team as the go-to person to 
clarify any ambiguities especially in requirements. It is essential that the “Beach-head” has 
knowledge and understanding of both the needs of the local team and the difference in 
languages and culture between the local and the remote team to be able to mediate 
effectively. 

Challenges associated with language barrier or lack of linguistic skills can also be 
mitigated by promoting the use of a common language and terminology between sites 
[8][62]. This can be achieved by providing access all sites involved in a development project 
with a dictionary containing all the relevant terminologies. Glossaries of common terms 
encourage the use of a common vocabulary and improve understanding of terms and 
concepts between project members [8]. Furthermore choosing a common language to use 
throughout the project also makes it easier for teams to communicate. The multi-national 
company Alcatel used this strategy to great effect [62]. Alcatel, a company based in France 
with development sites in Australia, Asia, USA and Europe, used English as the compulsory 
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language and also provided language training classes to individuals in none-English speaking 
countries [62]. 

Promoting cultural awareness between dispersed project team members is also essential 
in reducing cultural distance. People’s socio-cultural experience plays a major role in their 
interpretations of various situations and meaning of certain phrases [4]. Therefore reducing 
cultural distance and increasing cultural awareness is essential in improving and maintaining 
a level of understanding between dispersed sites. Team building activities and arranging 
social activities between project team members may lower the cultural distance and aid the 
development of a sense of belongingness for individuals in a team. Thus team building 
activities play a major role in the development of a more cohesive project development team 
[4][77]. 

 In the case study conducted by Oshri et al [77], it was noted that team building 
exercises were used for help one group based in Germany and another in India to get 
acquainted with each other’s work habits and preferred communication styles. This process 
resulted in the two groups developing a sense of oneness and trust [77]. Social events can 
either be formal or informal and they can facilitate in the building of inter-relationships and 
most importantly trust [81]. Employing some form of team rotational system in which 
members in a particular site visits and works at another remote site may also improve 
individual cultural awareness and an understanding of how the remote site works on a day-
to-day basis [62].  

Socialization is also vital in facilitating the development of cohesive teams that share 
common norms. Consequently, socialization increases the possibility of the project team in 
dispersed sites effectively communicating and executing project tasks [77]. Socialization is 
the practice of obtaining the necessary knowledge and social norms for taking part in 
organizational projects [77]. Information and Communication Technologies (ICT’s) and in-
person communication are the two main instruments for promoting socialization for 
dispersed teams [77]. Thus ideally the use of groupware tools during the project-cycle and as 
well as the organization of team building activities, such as social events, at the start of the 
project and during the project-cycle reinforces socialization of the distributed teams. It is 
also vital to develop socialization at the start of the project and to maintain it during the 
evolution of the whole project. Table 23 tabulates the identified practices to minimize socio-
culture distance. 

 

Table 23 Communication Practices for Socio-culture Distance 
Communication 

Socio-
Culture 

Distance 

Strategy Reference 

Appoint a liaison (a steering group) [19], [89], [56] 

Create a special terminology dictionary [8], [99] 

Use a common communication language (i.e: English) [62] 

Team member rotation among remote sites [62] 

Adding team building exercises and social activities 
during visits 

[4], [62], [77], 
[81], [122],[59] 
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6.2.2.2 Coordination 

6.2.2.2.1 Temporal distance 

Ensuring efficient coordination between sites that are separated by temporal distance is a 
challenging feat. However management can mitigate this issue by organizing some 
overlapping hours and implement some form of buddy system. The buddy system is a 
situation in which one team member in a particular site is paired on a particular task with 
another team member in a separate location [4] . This strategy encourages the team members 
in different sites to collaborate and harmonize their work tasks. Working collaboratively acts 
as an effective strategy for facilitating communication and improving coordination between 
developers and consequently between the development sites. This system was reported to 
have been effective in the case study conducted by Holmström et al [4].  

The developers can also be paired up by physically situating the developers under one 
roof on an interim basis and having them work on a particular work task together [4].  
Pairing programmers, either physically or virtually, is an Agile method also known as XP 
pair-programming (XP) [4],[23],[123]. This method facilitates in reducing temporal distance 
by collocating developers [23],[52]. XP is also reported to be an ideal methodology for 
producing better quality programming code compared to that produced by an individual 
developer [123]. 

The concept of pair programming using XP processes has also been used by HP and 
Intel to mitigate the effects of temporal distance in their projects [23]. Through pair 
programming, individuals in both companies HP and Intel reportedly work to create some 
overlapping hours with their distributed counterparts so as to enable collaboration practices 
[23]. 

XP is also effective in reducing language barriers that may also be caused by 
misinterpretations due to use of asynchronous communication methods, for example email 
[23],[52]. As a result XP-pair programming improves teamwork and work coordination 
between developers that may otherwise be separated by geographical and temporal distance 
[23],[52]. This method may also be ideal and most effective during testing processes. For 
instance one tester may spot one bug that the other may overlook [23].Table 24 summarizes 
the identified practices to minimize temporal distance. 

 
 
Table 24 Coordination Practices for Temporal Distance 

Coordination 

Temporal 
Distance 

Strategy Reference 

Establish buddy system (paired up team members from 
main site and remote sites) 

[4],[23], [123] 

 

6.2.2.2.2 Geographical Distance 

Before the start of a project it is highly beneficial to have a kick-off meeting in which 
baselines are established and project execution processes are discussed. Kick-off meetings 
also provide a forum for which project members establish a working relationship and get 
acquainted with each other [77][89]. Apart from getting acquainted with each other project 
members can use this meeting as an opportunity to discuss and establish the most effective 
patterns and methods for communicating during the project [77]. Also meetings during the 
early stages of the project can be used to temporarily collocate the team, and ideally the 
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customer as well, especially during critical stages of the project for example during the 
requirements analysis phase [8]. Furthermore, a kick-off meeting with face-to-face 
interaction at the start of the project facilitate in the development of interpersonal 
relationships which in turn promotes smooth flow of information between the distributed 
project team [107]. This in turn facilitates the team performing in collaborative tasks during 
the course of the project [81][107]. 

The implementation of Software development methods that emphasize the need for 
frequent communication and deliveries as a possible strategy for mitigating issues related to 
coordination caused by geographical distance. Iterative development and agile methods are 
well known methods that rely on frequent deliveries during the course of the project [52]. 
These types of software development methods increase visibility of project progress across 
dispersed development sites [81]. Additionally collaboration between sites is boosted due to 
the frequent communication of project updates between sites and teamwork on decision 
making demanded by the agile software development methods [23]. However if synchronous 
communication between sites is unattainable then a possible solution is to assign tasks that 
are decoupled [107]. Distributing tasks that are decoupled based on the design architecture to 
sites that are separated by immense geographic and temporal distance, can ensure that that 
limited interaction between the sites does not negatively affect task execution and the 
progress of the project. 

The issues associated with geographical and temporal distance can also be tackled 
through the reduction in the number of sites involved in a particular project and near-shoring 
[4]. Near-shoring is a situation in which an organization gets into a joint venture with 
another partner that is in close proximity, or relocates some of the development effort to a 
site that is geographically closer [4]. Such a method can significantly reduce cultural 
distance and reduce the amount of time required to travel between development sites [4]. 
Furthermore, near-shoring and as well as keeping the number of sites involved in a project to 
a minimum, reduces excessive and complicated communication routes. 

Project managers can also take measures to ensure teamwork and coordination between 
sites is maintained through the use of appropriate configuration management tools [81]. A 
tool that could also be beneficial in ensuring the smooth progress of collaborative activities 
is utilizing a database or repository for project artefacts [8][81]. Examples of information 
that may be stored in the repository are requirement documents, a listing of contact 
information of all project members and the roles and responsibilities of the project team. 
Maintaining and providing access to a single but joint repository containing such valuable 
information increases project visibility and improves collaborative processes between 
employees [8]. Furthermore the efficiency of collaborative development tasks between sites 
can be improved by ensuring that development tools are consistent and compatible across 
sites [90]. Table 25 tabulates the identified practices to minimize the negative effect of 
geographical distance. 

 
 
Table 25 Coordination Practices for Geographical Distance 

Coordination 

Geographical 
Distance 

Strategy Reference 

Task distribution based on architectural decoupling [107] 

Implement development methodology that requires 
frequent deliveries (i.e: Agile, Iterative) 

[23], [81], [52] 

 

Use configuration management tool [81] 



  65

Establish a directory listing of all project members 
including their expertise and responsibility (like a 
yellow page) 

[81], [99],[122] 

Face-to-face kick off meeting [89], [77], [81], 
[107] 

Nearshoring [4] 

Minimize number of distributed development sites [4] 

Ensure compatibility & consistency of tools used in the 
project (i.e: OS, IDE) 

[90], [122] 

Create a proper project structure clearly showing the 
value and dependency of each activity and artefact 

[81] 

Maintain and share a project-artefacts repository [8], [81] 

Perform joint on-site requirement analysis involving 
both the customer and developer parties. 

[8] 

Temporal collocation during critical phases [8],[56],[59] 

 
 

6.2.2.2.3 Socio-Cultural Distance 

Difference in organization culture between organizations working together on particular 
project can place a barrier on the information and knowledge sharing between the 
organizations. Hence it is a good principle to evaluate and assess the possible partners before 
venturing into a high risk software project [39]. During the evaluation process, the 
organization can perform a compatibility assessment by conducting a personal assessment 
and also assess possible partners and determine the most ideal company to pursue a joint 
venture with. When there is a choice between partners with similar skill level to pursue a 
joint venture with, ideally a good possible fit would be an organization that has the least 
cultural distance [39]. 

In the case of off-shoring an organization can also evaluate the remote team members to 
assess their organizational culture as well as linguistic differences. An understanding of the 
socio-cultural distance can be helpful in preventing cultural clashes that may inhibit 
knowledge and information sharing [39].  Apart from reducing the possibility of running a 
problematic joint venture, remote team evaluation can also shed light on the skill and ability 
of the remote team in performing in collaborative work processes [39].Table 26 summarizes 
the identified practices to reduce socio-culture distance. 

 

Table 26 Coordination Practices for Socio-culture Distance 
Coordination 

 
Socio-

Cultural 
Distance 

 

Strategy Reference 

Evaluate remote team members who will be assigned 
to the project 

[39] 

Evaluate partners/suppliers capability (their business 
model, quality management certification) 

[39] 
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6.2.2.3 Control 

6.2.2.3.1 Temporal Distance 

Temporal distance undoubtedly adds to the constraints of controlling GSD projects. 
Time zone differences increases the likelihood of delayed communication between sites due 
to difference in working hours. This bottleneck in response may cause the team members 
waiting on responses to feel a loss in control in the proceedings of a task or even the project 
as a whole [4]. A possible strategy to manage such a scenario would be to arrange some 
overlapping hours between the sites and promoting the frequent usage of synchronous 
methods of communication. Real time communication through the use of synchronous tools 
avoids delays in task completion and most importantly problem-resolution times for critical 
issues [115]. Therefore synchronous tools increase the chances of delivering the product on 
schedule.  

Synchronous communication that may be feasible for use in a scenario with dispersed 
team members could be tools such as video chat, telephone and company discussion forums 
[2][115][65]. The promotion of communication between team workers facilitates in the 
development of a good working relationship and creates platforms for discussions on the 
progress of the project. Also quality of the tools also play an important role in the 
effectiveness of communication processes, thus management should ensure that rich and 
appropriate tools are made available to the project team [67].Table 27 tabulates the identified 
practices to address challenges due to temporal distance.  

 
 
Table 27 Control Practices for Temporal Distance 

Control 

 
Temporal 
Distance 

 

Strategy Reference 

Promote frequent synchronous communication (first 
arrange work overlapping hours) 

[21], [115], [4], 
[65], [67], [111] 

 
 

6.2.2.3.2 Geographical Distance 

Geographical distance hampers the possibility of project team meeting face-to-face on a 
regular basis. However the issues that may be caused be the inability to meet in-person may 
be mitigated by defining and establishing formal guidelines for the software development 
process [107]. Guiding principles for supporting processes such as the processes for change 
management, bug reporting and the methods for exchanging vital information should also be 
developed.  Effort should also be made to ensure that the geographically dispersed 
stakeholders are familiarized with these guidelines [8],[37],[107],[124]. Guidelines facilitate 
in collaborative activities between the local and remote teams and also help in managing and 
controlling the overall project [8]. 

Having formal procedures for collaboration and communication that the sites should 
adhere to is helpful in managing the progress of the project [107]. Management of the project 
is made easier also if coordination and communication guidelines between the local and 
remote team have been established and agreed upon by both parties. It is also beneficial in 
ensuring that any changes relating to the project are systematically propagated to the 
appropriate team members [107]. 
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However, formal guidelines for communication and coordination should not be rigid and 
should be revisited and assessed as the project progresses. During the course of the project 
numerous changes may inevitably take place, and apart from propagating these changes to 
all sites involved, the agreed upon collaborative processes should be revisited. Procedures 
and patterns for communication and coordination should be periodically assessed and 
adjusted according to the evolution of the project [65]. Also interdependencies between 
geographically dispersed project teams may change depending on the project phase and the 
severity of the project issues. Hence project management activities need to cater for these 
new changes and adjust collaborative mechanisms accordingly [65].  

The development of clearly define formal procedures and norms facilitates in the control 
and management of project processes and execution. Nevertheless collaboration principles 
should not be too rigid. The dispersed project team should at times be allowed some degree 
of independence and self-governance in terms of coordinating and communicating with each 
other during working hours [88]. However the independence of information exchange within 
the company’s employee rules of conduct. Self governance and independence from 
arbitration is also called autonomy [88]. A certain level of autonomy can help speed up the 
pace of the project progression. For example, unnecessarily reporting each trivial and non-
critical issue to all of the levels of hierarchy and chain of command causes needless delays in 
problem rectification. Furthermore, providing a certain level of autonomy, without much 
interference from higher hierarchical heads, during a project may improve the collaborative 
effort within the project team and may result in the development of high-quality work 
products [88].  

Measures should also be taken to ensure that the project team have a sense of shared 
goals and culture. Nevertheless, the development of a shared perception of customs and 
project objectives between teams that are geographically dispersed and potentially separated 
by time zones can be a daunting task. However some of the practices that may alleviate such 
issues, as reported by a study that was focused on Requirement Engineering [81] , are the 
development and institutionalization of working standards [81]. These work principles 
should be propagated to all project team members possibly during open discussion platforms 
such as workshops or forums [81]. Such open discussion platforms can potentially result in 
the development of a sense of belongingness for the project personnel. Additionally this may 
facilitate in the development of mutual goals and culture [81]. Thus mutual project goals, 
shared work related culture, team commitment and uniform work processes across dispersed 
sites reduces the likelihood of misunderstandings and misinterpretations and most 
importantly may result in the development of trust within a group [81].  Consequently, the 
prevalence of trust within the group boosts the likelihood of developing a more cohesive and 
good performing team [81][16]. 

Well thought through systematic methodologies for estimating cost and effort for a 
project that will be executed by virtual teams is also beneficial in forecasting the resources 
required to complete the project successfully. During cost calculations a cash flow plan 
should be developed with considerations of potential wage bill increases which may result 
from inflation [39].  Reduction in costs is also a perceived benefit for venturing into GSD 
projects. However inflation and other factors can significantly increase wage bills which can 
potentially severely dent the project budget. An example of a country that has been  
receiving a large number of GSD projects from companies in Europe and USA due to its 
availability of skilled low cost labor of software developers is India [18][20]. However, 
between 2004 and 2007, India’s salaries have been reported to have risen by 14% [39]. 
Hence companies need to be aware of such statistics before venturing in GSD projects and 
relocating project processes. 

To also avoid faulty cost and effort estimates, lessons learned from past projects may 
also be used in the estimation processes. Therefore, to avoid past mistakes it is worthwhile to 
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maintain a repository, also known as “Experience Factory” [95] that contains past project 
experiences, best practices and lessons learned for future purposes. The data can then be 
used to avoid previous project mishaps in similar future projects [95]. Overall Logical 
estimates could avoid delays and project overruns [95]. 

One of the perceived benefits of GSD projects with diverse workforce is the probability 
of gaining innovative ideas. Hence companies in such project settings should consider 
patenting these innovations. Due to the difference in laws in different countries, laws such as 
patent and copyright laws are not uniform across the globe [39]. Therefore research should 
be conducted on the Intellectual Property Laws (IPL) of the countries that the offshore sites 
or the outsourcing or outsourcer site is located.  

Managing and promoting the awareness of Intellectual Property Laws in the project 
team helps the company to protect and retain rights of innovative ideas that may be 
developed during a joint venture [39]. Intellectual Property Laws can be promoted in various 
ways such as through employee orientation program, kick-off meetings or publications on 
the company’s web-pages [39]. Furthermore it also facilitates in reducing the likelihood of 
company classified information being leaked out during the distributed project.  Intellectual 
property can also be protected by implementing processes and guidelines that facilitate in 
obtaining the highest possible control over a joint venture project particularly in outsourced 
projects. Such measures also help to prevent subcontracting partners from being future 
competitors [39]. Table 28 summarizes identified control practices to reduce geographical 
distance. 

 
 
Table 28 Control Practices for Geographical Distance 

Control 

Geographical 
Distance 

Strategy Reference 

communication guidelines [8], [107], [37], 
[106],[122] 

Institutionalize & build consensus on operating 
norms(formal organization structures, plans and work 
processes, share documentation template) 

[81], 
[56],[91],[118],[1
22],[124] 

Ensure reliable cost and effort estimation and 
allocation, with agreements on start and end dates. 

[39] 

Build "experience factory" from past projects [95] 

Secure intellectual property (i.e. patent, copyright) [39] 

Take into consideration expected wage increases in 
different regions of the world during budget 
allocation 

[39], [88] 

 

Promotes appropriate level of autonomy [88] 

Adjust communication and coordination patterns to 
project changes 

[65] 

Communicate expectations early and establish initial 
rules 

[8], [107], 
[37],[124] 

Frequent project status update between sites 
(Problem tracking reports) 

[8], [107], [37] 

 



  69

6.2.2.3.3 Socio-Cultural Distance 

A huge Socio-Cultural gap in a collective project team can cause misunderstandings, 
misinterpretations and resultantly cause erosion of trust within the group [16]. These issues 
can lead to insurmountable problems that can ultimately cause project failure. Controlling a 
project with teams members dispersed across the globe is a demanding task therefore project 
management activities are vital to the success of GSD projects.   

Furthermore, subcontracting a process of a third party or involving an offshore site in a 
large software project increases the likelihood of having a project team with different 
background experiences and operation customs thus makes it a difficult task to maintain 
control on the project as a whole. Therefore in distributed projects the management 
processes are very important to the success of the project.  

Upper management should show support to the members involved in the project, equally 
to both local and the remote site. Providing the project with the appropriate tools for 
collaborative activities and daily task execution activities to the project team are ways that 
management can show support [58]. Management can also show support through regular 
visits to the remote team. Upper management travelling between sites can help broaden their 
minds and enable them to learn and understand the socio-cultural distance between the local 
and the remote site [4]. Knowledge on cultural differences between sites can help 
management devise plans to tackle and avoid misinterpretations and misunderstandings 
between team members from all sites [4]. As a gesture to show management support and to 
also strengthen the team’s commitment, management can also provide a platform for the 
whole team to convey feedbacks on their thoughts on the progress of the project and the 
effectiveness of the collaborative processes between the sites [81]. 

Some countries have a high rate of employees switching jobs thus upper managers 
should take heed of this phenomenon so as to avoid disruptions during the project. For 
instance countries in Asia are thought to have high employee turnover rates than those in 
Europe due to large numbers of job opportunities [39]. A possible strategy to increase 
employee retention is offering employee incentives such as competitive salaries and other 
benefits such as healthcare and covering work related travel expenses [39]. Furthermore 
management can arrange to get some feedback from employees on their satisfaction level of 
their job surroundings. Such information can be used to improve the work environment. 
Continual improvement on the work environment can act as a mitigation strategy towards 
reducing staff turnover [39].  

The method of providing employees with incentives can also encourage employees to 
put in extra effort in a project. For instance in the study reported by Jianqiang Ma et al[125], 
employees in one of the companies were provided with added incentives and rewards to 
encourage them to work overtime. 

Offering various training programs is also another tactic that can be used by upper 
management to help the project team cope with the demands associated with GSD projects. 
For instance, training on the usage of tools, task execution processes, as well as training on 
linguistic and cultural issues can help to improve the project team’s communication and 
socialization skills and better the information exchange processes between team members 
[81][36]. Language and cultural related training facilitates in developing a common 
understanding and operational norm within the team and reduces the likelihood of the project 
being affected by conflicts, misunderstandings and misinterpretations [81]. Furthermore, 
training can also be used to protect the company’s own interest by promoting awareness on 
company policies and Intellectual Property laws [39][36].Table 29 tabulates control practices 
to reduce socio-culture distance.  
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Table 29 Control Practices for Socio-culture Distance 
Control 

Socio-
Cultural 
Distance 

 

Strategy Reference 

 

Understanding/acknowledging cultural difference [4], [81], [58] 

Ensure upper management support throughout the 
project 

[58] 

Apply appropriate rewards (incentives to keep staff, 
e.g. employee benefits) 

[39], [105],[124]  

Training (e.g. training on communication skills, 
cultural issues and policies, process, tools, and 
technology) 

[81], [39], [36] 

 
 
 

6.3 Survey Results and Analysis 
 

6.3.1 Results and Analysis of Respondents 
 

The total number of partially completed and submitted responses from the questionnaire 
is 31. However, only the submitted responses, which were a total of 13, were included and 
analyzed for the purposes of this research. 

 The experience in working in distributed projects for the respondents varied. Some had 
relative experience ranging from 1 to 5 years and two of the respondents had tremendous 
experience of over 10 years. Thus the average experience of the respondents was over 2 
years. The positions that the respondents also held in the distributed projects also varied in 
terms of their roles and responsibilities. This made for a diverse group of respondents. This 
diversity enabled the collection of data that was based on different views and perception of 
challenges and mitigation strategies in distributed projects. The responsibilities and roles of 
these respondents as well as the number of respondents that had a similar position are listed 
in Table 30. 

 
 
Table 30 Respondents’ Role and Responsibility 

Position Number of 

Respondents 
Project Manager/Product Manager 2 
Project Coordinator 1 
Functional Team Lead for HR 1 
Integration and Acceptance Engineer 1 
Programmer/Developer 5 
Software Engineer/Technical Lead 2 
Tester 1 
Total 13 
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Apart from variation in years of experience as well as roles and responsibilities in the 
project, authors also discovered that the respondents are involved in different collaboration 
modes. Outsourcing collaboration mode is reported by 8 of the respondents. Meanwhile 
offshoring collaboration is reported by 5 of the respondents.  
 
 

6.3.2 Identified Challenges and Mitigation Strategies  
 

Authors identified the most reported challenges and mitigation strategies as well as those 
that are least reported by the respondents. Further investigation was done to see the 
correlation of the most and least reported challenges and mitigation strategies to the 
respondents’ role in the project. Furthermore the survey results of project characteristics are 
also compared to the results of most and least reported challenges and mitigation strategies.  

From the analysis of the most and least reported challenges, authors find a trend where 
these challenges have correlation to the respondents’ role in the project. It implies that 
certain challenges are faced by certain people in the project depending on their role and 
responsibility. This result is similar with the previous study by Lane and Ågerfalk [86], 
where they reported distinction of perceived benefits and challenges of GSD by different 
people with different roles in the project. The same pattern was also found with the most and 
least reported mitigation strategies.   

The results of the survey related to challenges and mitigation strategies as well as project 
characteristics are available in Appendix E. 

 

6.3.2.1 Results and Analysis of Most Reported Challenges and Mitigation Strategies 

 
Top three challenges and mitigation strategies from each process category are identified 

from the survey results. The most reported challenges are compiled in Table 31. Meanwhile 
Table 32 summarizes the most reported mitigation strategies.  

From the results of the survey, most of the respondents reported that their projects have 
team member from different cultural background. The results corroborate with the most 
reported challenge in communication, which is cultural diversity. It shows that the 
environment of the project is also reflected on the challenges that are faced by the team 
members. 

Furthermore the top three challenges for each process category were reported by 
respondents from various roles and responsibilities. These 9 most reported challenges were 
reported by project managers, team leader, as well as developers. It shows that the most 
reported challenges are the challenges that are faced by different team members regardless of 
their role in the project. For instance, defining project scope is the project manager’s 
responsibility but whenever there is a scope creep the developers would also experience the 
impact.  

 
 
Table 31 Most Reported Challenges 
Communication Coordination Control 

Cultural diversity 
between development 
sites separated by 

Ensuring all remote sites are 
aware of change to important 
project documents e.g. 

Project members leaving 
during the middle of 
project (Staff turnover) 
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geographical boundaries requirements doc. 
Incurring extra costs for 
travelling 

Define appropriate project scope Preparing accurate effort 
estimation 

Limited face-to-face 
meeting 

Defining a software development 
processes that suits the project 
and the distributed sites 

Avoid rework of developed 
components 

 
For the most reported mitigation strategies, the same trend also occurs. These 9 most 

reported mitigation strategies are the common strategies practiced by various roles in the 
project. For instance, use of common language is practiced not only by project managers but 
also developers, and testers.  

From the project characteristics section of the survey, the results show that most 
respondents reported that their projects have team members who speak different language 
than the rest of the team members. Use of a common language for communication purposes 
also comes as one of the most reported strategies by the respondents. It also shows that the 
project situation is reflected in the most common mitigation strategies.  

 
Table 32 Most Reported Mitigation Strategies 
Communication Coordination Control 

Adapt or adjust 
communication methods 
and coordination patterns 
to suit the project needs 

Clearly defining work 
processes and 
requirements for each task 

Adjustment of communication 
and coordination patterns to suit 
project changes 

Use a common language 
for communication (i.e. 
English) 

Maintaining and sharing a 
repository for project-
artifacts 

Promote frequent project status 
update between sites 

Enable face-to-face 
communication 

Providing access to 
appropriate collaboration 
tools (e.g. telephone, 
company email, 
groupware tools, etc) 

Providing employee benefits 

 
 

6.3.2.2 Results and Analysis of Least Reported Challenges and Mitigation Strategies 

 
Least reported challenges and mitigation strategies are also identified from the survey. 

The least reported challenges are compiled in Table 33. The least reported mitigation 
strategies are summarized in Table 34. 

 
From the survey results, the least reported challenges are mainly reported by respondents 

with a particular role in the project, like project manager and team leader. The respondents’ 
role and responsibility gives them wider overview of the project. It is possible that 
respondents with such roles in the project seem to have more awareness on issues, like legal 
issues and organizational structure. It is also possible that the challenge is not experienced by 
team members with other roles, like developer or tester. Developer and tester are not likely 
to work with managing joint processes or tailoring organizational structure. 

Furthermore even though most respondents reported their projects have team members 
with different native languages, linguistic barrier is one of the least reported challenges. It 
seems to have connection with one of the most reported practice, which is use of common 
language.  
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Table 33 Least Reported Challenges 
Communication Coordination Control 

Lack of team cohesiveness 
(i.e. lack of a sense of 
teamness) 

Define, implement, and 
manage joint processes and 
tools 

Difference of legal laws 
(e.g. Jurisdiction, Patent 
Laws, International laws) 

Linguistic (language) 
differences 

Knowledge and 
information sharing 
barriers (i.e. maybe due to 
difference in language) 

Protecting against security 
breach 

Loss of data during 
transfer (for example from 
one tool to another tool) 

Difference (or 
incompatibility) of tools 
used across sites (e.g. 
difference in operating 
systems, difference in 
development environment) 

Tailor organizational 
structure to reduce delays 
in problem 

 

 
The least reported mitigation strategies also have the same trend as the least reported 

challenges. These challenges are mainly reported by respondents with managerial positions 
like project manager or team leader. Most of these practices have to do with strategic 
decision making, like evaluating skill level, communicating expectations, and shifting of 
work hours.  

These strategies are not common for certain roles in the project. It is also possible that 
these strategies are not the common concern of certain roles in the project. For instance it is 
not the concern of a developer to consider wage and cost inflation. It is most likely the 
responsibility of the project manager. Another example is, “use of rich communication tool” 
is only reported by two respondents, and these two respondents have the role of project 
manager. 

 

Table 34 Least Reported Mitigation Strategies 
Communication Coordination control 

Reduce communication 
hierarchy 

Pairing up of team 
members 

Communicate expectations 
and establish initial rules 
early in the project 

Shifting of work hour to 
increase time overlap 
between sites 

Evaluating the capability 
and skill level of the 
project team in executing 
project activities 

Consider wage and cost 
inflation in different 
countries of the world 
during budget allocation 

Use of rich communication 
tool (i.e. Video chat, video 
conference) 

Nearshoring (have the 
remote site closer to the 
main site) 

Periodic Employee 
Reviews 
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6.3.3 Results and Analysis of Additional Challenges and Mitigation 
Strategies 
 

In order to identify gaps and commonality between identified challenges and mitigation 
strategies from the survey and literature, comparative analysis was performed. A brief detail 
on comparative analysis can be found in Section 4.5. 

 

6.3.3.1 Results and Analysis of Additional Challenges 

 
The GSD related challenges that were identified through the systematic literature review 

are prevalent in industry according to the responses in the questionnaire. At least one 
respondent identified by checking at least one of the challenges that was in the checklist as 
prevalent in their industrial setting.  As a result it was concluded that all 48 challenges 
discussed in literature are actually experienced in industry. However there were no new 
challenges discovered through the survey.    

The respondents stated challenges that they perceived as not amongst the 48 challenges. 
However after a careful analysis of the responses the authors found that the challenges were 
similar to the challenges already in the checklist. For instance one respondent pointed out 
that the use of asynchronous tools or tools that do not provide any visual aspect (for example 
gestures) during communication also negatively affected the effectiveness of information 
exchange processes. The respondent noted that: 

“it is difficult to understand the exact essence of an issue when discussion is done 

over email or teleconference. Sometimes this may cause longer lead-time to resolve 

issues” 

This issue is similar to the challenges associated to limited face-to-face meetings and 
reduced quality or richness in communication tools.   

Linguistic difference is another example of a challenge that was provided by one of the 
respondents as a major cause for misinterpretations. The respondent credited the 
misunderstandings to geographical separation and the inability to interact in person as a main 
cause: 

“Language was the biggest challenge. Interpreting the requirement specs. Their 

physical separation from the client made it harder for them to understand the client 

better” 

Thus all the challenges that were marked as additional by the respondents were found to 
be similar to the challenges collected and listed in the challenges checklist. Most of them are 
a more detailed description of challenges that are already addressed in the checklist. 
Therefore no new challenges for distributed software development projects were uncovered.  

 

6.3.3.2 Results and Analysis of Additional Mitigation Strategies 

From the survey results all 42 mitigation strategies were marked as checked by the 
respondents.  Respondents reported 4 additional strategies through the survey, 3 challenges 
are associated with control, and 1 challenge is associated with coordination. The identified 
additional strategies are: 

• Managing employee contract (control) 
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• “Cross skilling “ (control) 
• Perform regular quality audits (control) 
• Communicate quality guidelines (control) 

 
The relation between GSD related challenges reported in literature and industry can be 

represented in Figure 19. Where A is the challenges identified in literature and B is the 
challenges identified through the survey.  B has elements that do not exist in A.  

 

A

B

 
Figure 19 Gap Between Reported Strategies in Literature and Industry 

 
 
 Figure 19 implies that the identified mitigation strategies from literature were prevalent 

in industrial practices. However some industrial practices are not yet revealed by the 
performed literature review. The additional mitigation strategies are discussed in the 
following subsection.  

The following are the new mitigation strategies identified through the survey, which are 
related to control. The sentences provided by the respondents were not modified before 
being added to this thesis document. Therefore respondent’s statements are in quotes to 
denote that they are their exact words. 

One of the respondents reported a practice implemented in his/her project to address 
staff turnover: 

“Contractors are bound by contracts that cover the duration of the project to 

minimise staff loss in the middle of the project” 
 
Staff turnover can disrupt the progress of a project. The identified additional practice 

refers to the implementation of having clear and strict terms of employment in the contract, 
especially if they are not permanent employees or they are hired by the vendor.  

In addition to staff turnover, occasionally the person who is leaving is the one who has 
significant role in the project. Thus to minimize the effect of important staff leaving the 
project one of the respondents reported the following practice:  

“And cross skilling within the team is encouraged n fostered so that should staff 

leave, there is someone else who can pick up the work with minimal disruption to the 

project timelines” 

Significant amount of rework occasionally happens in GSD projects. It causes severe 
cost and time overhead. Another additional practice reported by one of the respondents was 
related to control mechanisms to ensure that delivered product adheres to quality 
requirements: 
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“Ensure quality audits are performed regularly to minimise deviations from the 

requirements” 

Lastly the new practice that was identified through the survey, which also relates to 
control mechanism:  

“Establish n communicate quality guidelines“ 

Establishing and communicating quality guidelines is a practice that facilitates control. 
Communicating quality guidelines ensures uniform product quality between the remote and 
local team. This also reduces the likelihood of experiencing integration related issues. 

 

6.4 Checklist Validation (Interview Results) 
 

Interviews were used as the method for validating and assessing the checklist used in the 
questionnaire. All 13 respondents were asked to take part in the interview however due to 
time limitation we were only able to obtain 6 interviewees.  

The interviews were conducted through the aid of emails and instant messaging tools. 
Due to time limitations and heavy work load that some of the interviewees had at their jobs 
we were unable to conduct phone interviews. 

Generally interviewees stated that they had no difficulty in identifying the mitigation 
strategies and challenges that were listed in the checklist. They perceived the terminology 
used in the checklist to be recognizable and familiar to Software Engineering domain. The 
interviewees also found the checklist to be a useful tool in identifying challenges and their 
mitigation strategies and would be helpful in future projects.   

However one interviewee stated that more examples should be provided in the 
checklists. Nevertheless, the reason why few examples were given was to reduce the length 
of the overall questionnaire when the checklists were embedded to it.  

 

6.4.1 Usability of the Checklist 
 

One part of validating the developed checklist was to validate the usability of the 
checklist. Usability of the checklist refers to ease of using the checklist in identifying 
challenges and mitigation strategies. From the interview results, all interviewees stated that 
they found that it was easy to identify challenges as well as mitigation strategies using the 
checklist. All of the interviewees also stated that they will consider using the checklist for 
future GSD projects in their organization. One interviewee added that for future use the 
checklists require adjustments according to the project environment.  

 

6.4.2 Usefulness of the Checklist 
 

The checklist is also validated for its usefulness. Usefulness of the checklist refers to the 
purpose of the checklist in identifying challenges and mitigation strategies. From the 
interview results, all interviewees stated that they found the checklist to be useful and helpful 
in identifying challenges and mitigation strategies. Two interviewees stated that the 
checklists have certain challenges and practices that they were not aware of before. Thus, the 
checklist helped them to be more aware of GSD related challenges and mitigation strategies.  
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7 DISCUSSION  

7.1 Evaluation of the Survey 
 

The number of respondents in the survey was too low for the authors to make any sort of 
claim using the data. There were a total of 31 of both partially and completed questionnaires. 
Of these 31 only 13 submitted the questionnaire. Some of the individuals either completed 
parts of the survey or left it completely blank. As a result this prompted the authors to 
evaluate the survey as a whole and to identify the reasons behind the low number in 
submitted responses. 

One of the major reasons that there were a few respondents is mainly due to change in 
focus from a case study to a survey and due to time limitations. The reason is explained in 
survey rationale in section 5.3.1.This change was done halfway through the research as a 
result there was  not enough time to gather enough respondents to run a meaningful survey. 

Another possible hindering factor was noted by one of the respondents and notified the 
authors. This issue was on the names of the employee, company and project that were 
requested on the questionnaire. More detail on this issue has been addressed in section 5.3.9. 
However, the request for such classified information may be the reason why some of the 
potential participants made the decision not to take part in the survey. 

The results from the interviews that were conducted on the respondents were also used 
to evaluate the survey. During the interview the respondents were asked to evaluate the 
clarity and understandability of the language used in the whole survey. All interviewed 
respondents replied positively towards the terms used in the document and stated that the 
words in the questionnaire were clear and concise. 

 

7.2 Lessons Learned 
 

The developed checklists facilitated in identifying the challenges and mitigation 
strategies that are still being encountered and implemented, respectively, in distributed 
software development projects. All 48 challenges in the challenges checklist were found to 
be still prevalent in industry. The methods also detailed in the mitigation strategies checklist 
were also identified by the respondents. This illustrates that the 42 mitigation strategies are 
currently being, or in the past have been, utilized to alleviate the issues that arise in GSD 
projects. Consequently this exemplifies that some of the strategies are regarded as feasible 
and applicable in certain GSD settings.   

The checklists are useful and can be valuable in identifying challenges and the probable 
mitigation strategies for communication, control and coordination mechanisms. This was 
also echoed by the respondents during the checklist validation process which was conducted 
through the aid of interviews. 

Even though the data in the checklists is categorized in a particular order, some of the 
challenges and mitigation strategies can fall in a different category as well. For instance one 
challenge can be an issue in coordination as well as in control. In such cases the authors 
referred to the papers to identify the context that the challenge or practice was being 
discussed in. For example the issue surrounding “Lack of process transparency and progress 
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visibility” is a challenge in both control and coordination mechanisms. However, ensuring 
project visibility falls more on the responsibility of the project managers. 

Furthermore GSD can have different settings and scenarios [7] as well as different 
factors governing project execution. Thus, the checklists should be used more as a 
foundation for identifying challenges and the appropriate mitigation strategies in a particular 
situation. This was also stated by one respondent who mentioned that they would use the 
checklists as a baseline for developing their own checklists that would be more relevant to 
their own situation.  

Risk identification in risk management process is considered to more difficult in GSD 
projects. It is due to limited knowledge regarding GSD setting. As mentioned in [16], even 
the most experienced project managers can fail in GSD project. Therefore the checklists can 
also be incorporated as tools in risk management processes, specifically as a foundation in 
identifying risk and risk mitigation plans. For example the checklist can aid in risk 
identification and risk treatment activities as elaborated in IRM risk management standard. 
This standard is briefly discussed in Section 2.2.3. 

One’s perception of the prevalence of a challenge in certain settings is closely related to 
their roles and responsibilities in that project, this finding corroborates with the study 
reported in [86]. For instance, persons in managerial roles are more likely to be aware of 
challenges pertaining to difference in jurisdiction between geographically dispersed sites. On 
the other hand developers and testers that are geographically dispersed, during bug fixing 
stages, may be more concerned with the inability to communicate effectively due to limited 
face-to-face interaction. Similar pattern was also found with the mitigation strategies. 
 

There is also no one-to-one relationship between the challenges and the mitigation 
strategies. GSD settings differ and vary therefore a strategy that may work in one situation 
may not be feasible in another situation, as reported in [4]. Therefore it is vital that an 
analysis is conducted on the issues and the possible strategies, to determine the most viable 
and effective alleviation methods.  
 

Another interesting point is that some challenges are related each other in the sense that 
one can cause the other. For instance the challenge surrounding the development of trust and 
a cohesive team is associated with the lack of regular face-to-face meetings associated with 
distributed settings. This point is relevant to the studies conducted by Smite and Borzovs 
[15]. 
 

7.3 Validity Threats 
 

Several validity threats were identified in this thesis. The validity threats discussed in the 
following section related to the systematic review process are mainly regarding selection of 
primary study, data extraction consistency, and publication bias. Validity threats to 
instrumentation and processing errors are related to the survey process conducted as part of 
the study.  

 
1. Instrumentation.  

There is instrumentation threat regarding the survey tool. The instrument 
used in the survey can influence the validity of the results. As mentioned in 
Section 7.1, the questionnaire was initially developed to be part of a case study. 
The questionnaire itself was already tested through a piloting phase. Due to 
several reasons, mentioned in Chapter 7.1, the case study could not be 
conducted. However authors decided to proceed using the questionnaires in a 
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survey. The questionnaires contained sections that required the respondents to 
share their personal and company information. For some people this 
information is confidential, which may cause them to be reluctant to participate 
in the survey.  

The questionnaire was later on modified by removing the respective fields. 
Despite modification to the instrument, in this case the questionnaire, the main 
part of the questionnaire remained intact. The main part of the questionnaire is 
the GSD related challenges and mitigation strategies checklist. Thus, 
modification to the instrument was not a major threat to the study. The main 
purpose of the survey was still achieved, despite low number of respondents.  

2. Generalization of Study 

The number of respondents in the survey was low. It poses a threat for 
generalization of the study results. In this study authors are not trying to make 
claim that the survey result is a representation of the industry nor draw any 
conclusion based on statistics. The main purpose of the survey was to identify 
GSD related challenges and practices from industry experience. However due to 
low number of respondents, there is a chance of not identifying more challenges 
and practices from industry.  

 
3. Identification of Primary Studies  

The purpose of the systematic review is to retrieve as many empirical studies 
as possible that contain GSD related challenges and mitigation strategies. In this 
systematic review the search string used was more general and the search was 
performed on full text. This strategy was also adopted from the study conducted 
by Smite et al [7], on which the systematic review in this study was based on. 
Similar strategy is adopted to avoid exclusion of studies without the keyword in 
the titles or abstracts.  

However due to large number of retrieved studies, authors had to narrow 
down the findings. A study selection criterion was developed by both authors to 
aid including and excluding papers.  For studies between 2007 and 2009 only 40 
papers were included out of 243 papers after removing duplicates, non English 
papers, and editorials. Despite the low number of inclusion, the threat to the 
selection of primary studies is minimized through thorough effort by both 
authors.  

To further reduce the threat of missing relevant papers, two main strategies 
were adopted. First, reviewing the references used from the primary studies, and 
second, the recommended papers from GSE course were also reviewed.  

 
4. Missing Challenges or Mitigation Strategies from Primary Studies  

In order to minimize the threat of missing challenges or mitigation strategies 
from primary studies a thorough study selection criteria and data extraction 
form was developed. Furthermore the study selection criteria and data 
extraction form was explicitly defined and later agreed upon by both authors. 
To further reduce the threat of data extraction inconsistency, a piloting was 
conducted. In the pilot process, both authors discussed and reached consensus 
on the data extraction form. To further reduce missing challenges or mitigation 
strategies from the primary studies, authors performed cross checking of the 
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primary studies and data extraction form. However due to time limitation the 
cross check process could only be done randomly.  

 
5. Categorization of the Challenges and Mitigation Strategies  

One of the main threats in this study is from the typological analysis that 
both authors performed. In the typological analysis both authors collectively 
analyzed each and every identified challenge and mitigation strategy, after 
duplications were removed. Even though the typology of challenges and 
mitigation strategies has been done before, the main issue was to put them into 
specific categories. Some challenges or strategies can often fall into more than 
one category. For instance “knowledge and information sharing barrier” 
challenge. It can fall into geographical distance, because without face-to-face 
interaction it is difficult to share information. On the other hand it can also fall 
into socio-culture distance, because with language difference it is also difficult 
to share information. To reduce the threat both authors mainly referred back to 
the paper that reported the challenge or practice. Another implemented strategy 
was to refer to the definitions of the processes and distance aspects.  

 
6. Publication Bias.  

Publication bias refers to “the problem that positive results are more likely to 
be published than negative results” [12]. Publication bias usually becomes more 
severe when a particular method is sponsored by influential organization. 
However in this systematic review, the research question was developed 
without any intention to compare one method or another. The main purpose of 
the systematic review is to identify GSD related challenges and mitigation 
strategies regardless of neither particular organization nor particular method. 
Thus, publication bias threat is not considered as major threat in this systematic 
review.  

 
7. Processing Error 

In the questionnaire respondents were asked to state additional challenges 
and mitigation strategies in free text fields. Thus they stated them in their own 
words. This method has been reported by Groves et al [126] as a method that 
can introduce processing errors during the analysis of responses due to the 
ambiguity of the answers. Unfortunately follow up interviews were not able to 
be conducted to all respondents. However, all responses that were entered by 
respondents were short descriptions and were straightforward. The authors 
discussed the responses in order to reach a common consensus and 
understanding on the idea surrounding the given descriptions. As a result no 
new challenges were uncovered and 4 new mitigation strategies were 
discovered from the survey. 
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8 CONCLUSION 

8.1 Revisiting Research Questions 
 

8.1.1 RQ1. 
 

The GSD risks and mitigation strategies reported in literature that were discussed 
through the aid of empirical data were gathered through the aid of a systematic literature 
review. Guidelines suggested by Kitchenham [12] were used to methodologically identify, 
collect and evaluate the challenges and their mitigation strategies discussed in literature. This 
rigorous method was used specifically on empirical studies to enrich the authors’ knowledge 
on the current trend and state-of-the-art of the phenomenon surrounding challenges of GSD 
projects and also the alleviation methods reported in literature. 

The study conducted by Smite et al [7] for empirical studies published from 2000 to 
2007 was extended to review papers that were also published between 2007 and 2009. Since 
GSD is recognized a 21st century trend only papers published from the year 2000 onwards 
were thoroughly analyzed.  

The two checklists were developed using data obtained through the SLR. One checklist 
consisted of the identified challenges and another with the identified mitigation strategies. 
Both associated with distributed software development settings. The total number of 
challenges in the checklist was 48 and for mitigation strategies were 42. 

The list of these challenges and mitigation strategies can be found in the Appendix A and 
B respectively. And the description and analysis of all the challenges and practices collected 
is discussed in Section 6.2. 

 

8.1.2 RQ2. 
 

The identified 48 challenges and 42 mitigation strategies associated with GSD were 
embedded in a questionnaire that was used in the survey. The target population for the 
survey was any individual whom has either in the past been, or is currently, involved in 
distributed software development projects. The list of the actual job occupation of the 
respondents when they were involved in the project that completely filled in and submitted 
the questionnaire is provided in Chapter 6, section 6.3.1. 

All 48 challenges and 42 mitigation strategies were identified by at least one respondent. 
Therefore it was concluded that all the challenges and strategies that were collected during 
the systematic literature review were prevalent in certain industrial settings. This does not 
mean that every GSD setting experiences each and every challenge and strategies uncovered. 
However, this shows that the challenges are a factor in certain GSD scenarios and the 
strategies have been or are currently being utilized in certain GSD settings as well. 

Furthermore there were 4 more strategies that were found to be prevalent in certain 
distributed software development industrial projects. These 4 mitigation strategies had not 
been discovered in the systematic literature review. Therefore these 4 strategies were 
considered to be additional mitigation strategies. The list of these mitigation strategies 
identified in the survey are listed and discussed in Appendix D and discussed in Chapter 6 
respectively. 
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8.1.3 RQ3 
 

As aforementioned, all the challenges and mitigation strategies embedded in the survey 
were identified by the respondents. Also through the aid of the questionnaire, 4 additional 
mitigation strategies were stated. But no new challenges were provided by the respondents. 
Thus it was concluded that the 4 additional strategies collected in the questionnaire were not 
reported in literature as they were not identified during the systematic literature review.  

However the absence of new challenges in the questionnaire did not a merit a conclusion 
that all possible challenges that can be encountered in GSD have all been revealed and 
discussed in literature. There is a possibility that the respondents may have not been aware of 
other challenges. Also it is also important to note that the number of respondents could be a 
factor in the results as well. The possibility that more challenges and practices could have 
been collected had the number of respondents been significantly higher should not be ruled 
out.  

Furthermore from the survey results, it can be seen that there is a connection between a 
person’s role in a project and the challenges he or she faced. This interesting phenomenon 
issue has also been identified and addressed in [86]. However, from the primary studies and 
other supporting studies included in this thesis, the connection between a person’s role in a 
project and the mitigation strategies that he or she practiced or is aware of, has not yet been 
addressed in literature. 

 

8.2 Future Work 

The results of this research can be used as an essential foundation for further research in 
the area surrounding GSD specifically in relation to the challenges and mitigation strategies. 
Authors have identified the following probable future studies: 

 
1. Focus on the Human Resource Factors 

Management of the human aspect in GSD projects is important to the success of the 
project. For example, a large number of the respondents from the survey identified stuff 
turnover as a problematic issue in GSD projects. In some countries, especially in Asia, 
high employee turnover rates are common. Retaining the services of highly skilled and 
experienced employees is vital to the success of the project. Therefore more researchers 
should also consider focusing on the human resource aspect for projects that are 
executed by teams that are globally dispersed. 

 
2. Apply the checklist in an actual GSD project 

For future work, it is also important to implement the checklist in an industrial 
setting to identify GSD related challenges and mitigation strategies. More information 
can then be obtained on the usability and the usefulness of the checklist. Furthermore 
investigation on why several challenges are not encountered and also why certain 
strategies are not applicable in certain environment can be revealed. The results of 
such studies can also be used towards the development of decision making mechanism 
to mitigate GSD related challenges. 
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3. Development of Decision Making Mechanism to Mitigate GSD Challenges 

The developed GSD challenges and mitigation strategies are static checklists. The 
checklists can be used as a base for risk identification and risk mitigation planning in a 
distributed software development setting. However they cannot be used as decision 
making tools to select the most appropriate strategies for particular challenges. Thus for 
future work the collected challenges and mitigation strategies can be prioritized to aid 
decision making process in selecting the most suitable mitigation strategies for 
particular challenges.   The prioritization needs to take into account the variety of GSD 
settings and scenarios.  For instance, if one challenge has five options of mitigation 
strategies, with the prioritization approach the most suitable strategy can be chosen 
according to the situation of the GSD project.  
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APPENDIX B: GSD CHALLENGES CHECKLIST 
 

Communication 

Temporal 
Distance 

Lack of synchronous communication or interaction (i.e. inability to 
communicate in real time) 
Delayed communication feedback 

Geographical 
Distance 

Lack of team cohesiveness (i.e. lack of a sense of teamness) 
Effort overhead required for communication 
Lack of trust between team members 
Limited face-to-face meeting 
Reduced quality or richness in communication 
Limited possibility for informal communicating due to dispersion of 
sites (i.e. spontaneous communication through social relationships, 
like discussing work during lunch time) 
Extra costs for travelling to have team members meet face-to-face 
Restricted interpersonal relationships build-up (due to dispersion of 
project members) 
Loss of data during transfer (i.e. from one tool to another tool) 
Reduced communication frequency 

Socio-culture 
Distance 

Ensuring common terminology between sites 
Linguistic (language) differences between sites 
Cultural diversity between development sites or teams 
Lack of mutual (shared) understanding among team members in 
different development site 

 
Coordination 

Temporal Distance Limited collaboration time due to little or no overlapping of work 
hours between sites 
 

Geographical 
Distance 

Ensuring transparency of roles and responsibility across remote 
sites 
Ensuring all remote sites are aware of change to important project 
documents e.g. requirements doc. 
Defining a software development processes that suits the project's 
distributed setting 
Different (or incompatible) tools used across sites (e.g. difference 
in operating systems, difference in development environment) 
Ensuring the appropriate tools is available to support distributed 
work 
Limited working experience in distributed development setting 
Limited experience in working together as a team 
Define appropriate project scope 
Ensure equal access to information to remote team members 
Planning appropriate activities distribution 
Ensure appropriate flow of information throughout the project 
Define appropriate change management processes 

Socio-Culture 
Distance 

Knowledge and information sharing barriers (i.e. maybe due to 
difference in language)  
Ensure common understanding in ways of working across 
development sites  
Define, implement, and manage joint processes and tools  
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Control 

Temporal Distance  
Geographical 
Distance 

Aligning stakeholders' goals and interests  
Preparing accurate effort estimation  
Maintaining stakeholders participation and commitment in the 
project  
Problematic issues related to integrating components developed 
remotely  
Managing team dependencies (especially teams located in 
different geographical locations)  
Tailor organizational structure to reduce delays in problem 
resolution  
Difference of legal laws (e.g. Jurisdiction, Patent Laws, 
International laws) 
Minimizing the fear of job loss due to outsourcing/offshoring of 
tasks  
Maintain transparency and progress visibility of project status (to 
all sites involved in project)  
Protecting against security breach  
Managing project artifacts 
Avoid rework of developed components 
Manage wage/cost inflation  

Socio-culture 
distance 

Ensure team members share the equal knowledge of the domain 
Project members leaving during the middle of project (Staff 
turnover)  
Inadequate skills from remote team members  
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APPENDIX C: GSD MITIGATION STRATEGIES 

CHECKLIST 
 

 
Communication 

Temporal Distance Shift work hour to increase time overlap 

Reduce communication hierarchy 

 

Geographical 
Distance 

 

 

Frequent travel 

Implementation of appropriate communication model 

Use of groupware application 

Implement development methods that promote frequent 
communication (i.e: Agile methods) 

Use of rich communication media 

 

Socio-Cultural 
Distance 

Appoint a liaison (a steering group) 

Create a special terminology dictionary 

Use a common communication language (i.e: English) 

Team member rotation among remote sites 

Adding team building exercises and social activities during visits 

 
 

Coordination 

Temporal Distance Establish buddy system (paired up team members from main site and 
remote sites) 

 

Geographical 
Distance 

 

 

Task distribution based on architectural decoupling 

Implement development methodology that requires frequent 
deliveries (i.e: Agile, Iterative) 

Use configuration management tool 

Establish a directory listing of all project members including their 
expertise and responsibility (like a yellow page) 

Face-to-face kick off meeting 

Nearshoring 

Minimize number of distributed development sites 

Ensure compatibility & consistency of tools used in the project (i.e: 
OS, IDE) 

Create a proper project structure clearly showing the value and 
dependency of each activity and artefact 

Maintain and share a project-artefacts repository 

Perform joint on-site requirement analysis involving both the 
customer and developer parties. 
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Temporal collocation during critical phases 

Socio-Cultural 
Distance 

Evaluate remote team members who will be assigned to the project 

Evaluate partners/suppliers capability (their business model, quality 
management certification) 

 
 

Control 

 

Temporal Distance 

 

Promote frequent synchronous communication (first arrange work 
overlapping hours) 

Geographical 
Distance 

 

communication guidelines 

Institutionalize & build consensus on operating norms(formal 
organization structures, plans and work processes, share 
documentation template) 

Ensure reliable cost and effort estimation and allocation, with 
agreements on start and end dates. 

Build "experience factory" from past projects 

Secure intellectual property (i.e. patent, copyright) 

Take into consideration expected wage increases in different regions 
of the world during budget allocation 

Promotes appropriate level of autonomy 

Adjust communication and coordination patterns to project changes 

Communicate expectations early and establish initial rules 

Frequent project status update between sites (Problem tracking 
reports) 

 

Socio-Cultural 
Distance 

Understanding/acknowledging cultural difference 

Ensure upper management support throughout the project 

Apply appropriate rewards (incentives to keep staff, e.g. employee 
benefits) 

Training (e.g. training on communication skills, cultural issues and 
policies, process, tools, and technology) 
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APPENDIX D: ADDITIONAL MITIGATION 

STRATEGIES FROM SURVEY 
Control 

Geographical Distance Perform regular quality audits 

Communicate quality guidelines 

Managing employee contract 

Socio-Culture Distance Cross skilling 
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APPENDIX E: SURVEY RESULTS 
 

Project Characteristic  
Value Count 

Has members from more than one function 11 
Has members from more than two national cultures 10 
Has members whose native language is different from the majority of other team 
members 10 
Has members from more than one organization 8 
Is geographically dispersed over more than two contiguous time zones 7 
Is geographically dispersed so that some team members are 8–12 hours apart 5 
Is on the development of an innovative product 4 
Total Responses: 13 

 
 

Most common challenges encountered in the work environment related to 

Communication                                                                                                                                                                  

Value Count 

Cultural diversity between development sites separated by geographical 
boundaries 8 
Incurring extra costs for travelling to have all team members meet face-to-face 8 
Limited face-to-face meeting 8 
Limited possibility for informal communicating due to dispersion of sites (i.e. 
spontaneous communication through social relationships) 8 
Delayed communication feedback 7 
Restricted interpersonal relationships build-up (due to dispersion of project 
members) 7 
Ensuring common terminology 6 
Lack of mutual understanding among team members in different development 
site 6 
Lack of synchronous communication or interaction (i.e. inability to communicate 
in real time) 6 
Reduced communication frequency 6 
Reduced quality or richness in communication 6 
Extra effort overhead required for communication 5 
Lack of trust between team members 5 
Lack of team cohesiveness (i.e. lack of a sense of teamness) 4 
Linguistic (language) differences 4 
Loss of data during transfer (for example from one tool to another tool) 3 
Total Responses: 13 

 
 

Strategies to mitigate communication challenges.   
Value Count 

Adapt or adjust communication methods and coordination patterns to suit the 
project needs 10 
Use a common language for communication (i.e. English) 9 
Enable face-to-face communication 8 
Provide documentation of special terminology used in the project 8 
Implementation of development methods that promote frequent communication 
(i.e: Agile methods) 5 
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Team member rotation among remote sites 5 
Add team building and social activities during visits 4 
Use of a liaison or a steering group (i.e. to bridge communication or link 
coordination between sites) 4 
Reduce communication hierarchy 3 
Shifting of work hour to increase time overlap between sites 3 
Use of rich communication tool (i.e. Video chat, video conference) 2 
Total Responses: 13 

 
 

Most common challenges encountered in the work environment related to 

Coordination   

Value Count 

Ensuring all remote sites are aware of change to important project documents 
e.g. requirements doc. 11 
Define appropriate project scope 8 
Defining a software development processes that suits the project and the 
distributed sites 8 
Ensure common understanding in ways of working across development sites 7 
Ensuring transparency of roles and responsibility across remote sites 7 
Limited experience in working together as a team 6 
Define appropriate change management processes 5 
Ensure appropriate flow of information throughout the project 5 
Ensure equal access to information to remote team members 5 
Limited experience working in distributed development setting 5 
Planning appropriate activities distribution 5 
Ensuring the appropriate tools are available to support distributed work 4 
Limited collaboration time due to little or no overlapping of work hours between 
sites 4 
Define, implement, and manage joint processes and tools 3 
Knowledge and information sharing barriers (i.e. maybe due to difference in 
language) 3 
Difference (or incompatibility) of tools used across sites (e.g. difference in 
operating systems, difference in development environment) 1 
Total Responses: 13 

 
 

Strategies to mitigate Coordination challenges  
Value Count 

Clearly defining work processes and requirements for each task 9 
Maintaining and sharing a repository for project-artefacts 9 
Providing access to appropriate collaboration tools (e.g. telephone, company 
email, groupware tools, etc) 9 
Using configuration management tool (i.e. to support version control, tracking of 
defects, etc) 8 
Implement development of a methodology that requires frequent deliveries (e.g. 
Agile, Iterative development method) 6 
Reducing the dependence on tasks distributed between sites (to reduce the need 
for communication or coordination) 6 
Task distribution based on architectural design 5 
An accessible directory listing of all project members including their expertise 
and responsibility (like a yellow page) 4 
Face-to-face kick off meeting (i.e. at the start of a project) 4 
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Minimizing the number of distributed development sites involved in a project 
(for example to only two or three) 4 
Performing joint on-site requirement analysis involving both the customer and 
developers 4 
Temporal collocation of project members during critical phases or to address 
critical issues 4 
Evaluation of partners/suppliers capability 3 
Pairing up of team members 3 
Evaluating the capability and skill level of the project team in executing project 
activities 2 
Nearshoring (have the remote site closer to the main site) 2 
Total Responses: 13 

 
 
 
 

Most common challenges encountered in the work environment related to Control  

Value Count 

Project members leaving during the middle of project (Staff turnover) 10 
Preparing accurate effort estimation 8 
Avoid rework of developed components 7 
Managing team dependencies (especially teams located in different geographical 
locations) 7 
Transparency and progress visibility of the project 7 
Ensure team members share the equal knowledge of the domain 6 
Inadequate skills from remote team members 6 
Problematic issues related to integrating components developed remotely 6 
Managing project artifects 5 
Maintaining customer participation and commitment in the project 4 
Manage wage/cost inflation 4 
Minimizing the fear of job loss 3 
Assignment of work tasks across sites 2 
Difference of legal laws (e.g. Jurisdiction, Patent Laws, International laws) 2 
Protecting against security breach 2 
Tailor organizational structure to reduce delays in problem resolution 2 
Total Responses: 13 

 
 

Strategies to mitigate Control Challenges   
Value Count 

Adjustment of communication and coordination patterns to suit project changes 10 
Promote frequent project status update between sites 10 
Providing employee benefits 10 
Keep dependencies among teams as low as possible 9 
Definition of communication guidelines at the start of project 8 
Project members are allowed a certain level of self-governance and 
independence during task execution 8 
Training programs 7 
Use of Synchronous communication tools (real-time communication tools e.g. 
video conferencing, telephone, chat messaging, etc) 7 
Maintaining lessons learned from projects (experience factory) 5 
Provide appropriate employee reward 5 
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Inclusion of those that will be involved in working a particular task in the effort 
estimation process 4 
Securing intellectual property (i.e: patent, copyright) 4 
Communicate expectations and establish initial rules early in the project 3 
Consider wage and cost inflation in different countries of the world during 
budget allocation 3 
Periodic Employee Reviews 3 
Total Responses: 13 

 


