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Abstract. Project stakeholder distribution in Global Software Development 
(GSD) is characterized by temporal, geographical and socio-cultural distance, 
which creates challenges for communication, coordination and control. Practi-
tioners constantly seek strategies, practices and tools to counter the challenges 
of GSD. There is increasing interest in using Scrum in GSD even though it 
originally assumed collocation. However, empirically, little is known about 
how Scrum practices respond to the challenges of GSD. This paper develops a 
research framework from the literature as a basis for future research and prac-
tice. The framework maps current knowledge and views on how Scrum prac-
tices can be used to mitigate commonly recognized challenges in GSD. This  
research is useful as a reference guide for practitioners who are seeking to un-
derstand how Scrum practices can be used effectively in GSD, and for research-
ers as a research framework to validate and extend current knowledge. 

1   Introduction 

Global Software Development (GSD) is a major trend in software engineering. Rapid 
advances in computer networks, telecommunications, internet technologies and col-
laboration tools have provided enough infrastructures to enable firms to take advan-
tage of high-skilled, low-cost offshore resources in developing and maintaining new 
software. It is claimed that GSD can reduce time to market, increase productivity, 
improve quality, and provide cost efficiencies for software developing organizations 
[28]. However, as well as expected benefits, GSD challenges have also been identi-
fied [29]. In particular, GSD is usually characterized by engagements with different 
national and organizational cultures in different geographic locations and time zones, 
using various traditional and IT-enabled means to collaborate. Such arrangements 
may encounter major difficulties in team communication, coordination, control, infra-
structure compatibility, conflicting expectations, achieving shared understanding and 
building trust [8]. Therefore, GSD practitioners need to employ suitable context-
specific mechanisms to mitigate these problems. Various solutions have been pro-
posed, such as dividing work into separate well-specified independent modules to 
minimize communications between sites [30]. However, in practice, practitioners still 
experience significant issues and continue to look for more effective mechanisms to 
mitigate inherent GSD challenges and risks [31]. 
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Agile methods are gaining popularity in software development contexts character-
ized by high uncertainty. They promise handling requirements changes throughout the 
development lifecycle; promote extensive collaboration between customers and de-
velopers; and support early and frequent delivery of products [32]. However, an issue 
for GSD is that the design of Agile methods assumes collocated development teams 
whereas GSD assumes distributed teams. Notwithstanding this, practitioners have 
begun to adapt Agile practices to GSD to leverage the advantages of both approaches 
[33]. Among the current Agile methods, Scrum practices are increasingly being con-
sidered and trialled in GSD projects. Initial empirical findings suggest that using 
Scrum practices in GSD can improve communication, trust, motivation and product 
quality [1]. Also, industry experience suggests that Scrum practices may promote 
communication, collaboration, frequent product delivery, and reduce some GSD chal-
lenges and risks [8, 24]. 

We acknowledge that GSD challenges apply to any software development method 
used in GSD projects, including non-Agile methods, and that Scrum may share some 
mitigation mechanisms, including complementary enabling tools, with other methods. 
However, our focus in this study is solely on Scrum practices, not other methods or 
the relative capabilities of Scrum versus other software development methods. 

Little empirical research has been done on how Scrum practices can mitigate the 
challenges presented by the distributed nature of GSD projects [34]. A small number 
of case studies discuss the benefits and difficulties of using Scrum practices in GSD 
[1, 2], but most reports in the literature record only industrial experiences. Therefore, 
a knowledge gap exists. There is a need for more empirical studies on how Scrum is 
being used in GSD and how Scrum practices might be applied and with what tool 
support to overcome the challenges encountered in GSD. 

To begin to address this gap, we propose a research framework that maps current 
literature-based prescriptions on how Scrum practices might mitigate commonly rec-
ognised GSD challenges. The framework draws on views from 27 primary papers that 
were identified in a Systematic Literature Reviews (SLR), following the guidelines 
prescribed in [35]. 

Since most current software engineering literature on the topic comprises industry 
experience reports, the proposed framework offers two main contributions: first, it 
provides a consolidated representation of current views on how Scrum practices might 
be applied to overcome the recognized challenges of GSD, and; second, it provides an 
integrated set of initial propositions about the potential role of Scrum practices in 
GSD that can be validated in subsequent empirical studies and used to guide practice. 

The remainder of this paper is organized as follows. Section 2 overviews the litera-
ture and describes the framework development. Section 3 describes the research 
framework. Section 4 then discusses the contribution and future research before con-
cluding in the last section. 

2   Research Background 

This section overviews the literature on GSD challenges and Scrum practices in GSD 
as background to describing the development of the proposed research framework. 
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2.1   GSD Challenges 

There is a growing body of literature that focuses on challenges in GSD. Communica-
tion, coordination and control challenges are recognised to arise due to geographic, 
temporal and socio-cultural distances encountered in GSD [33]. A recent literature 
review also identified group awareness, knowledge management, coordination, col-
laboration, project and process management, process support, and risk management as 
likely issues in distributed software development [28]. 

Temporal distance may create communication issues such as reduced hours of col-
laboration, difficulties in holding synchronous meetings, and response delays [40]. As a 
result, GSD coordination processes may also be significantly affected [33]. Geographic 
distance makes communication difficult because of the reduced ability to hold face-to-
face meetings [32]. Lack of face-to-face meetings reduces informal contact and this can 
lead to a lack of critical task awareness, lack of “teamness” and reduced trust [32, 37]. 
Therefore, a fundamental GSD problem is that many of the mechanisms that function to 
coordinate work in a collocated setting are absent or disrupted [12]. Socio-cultural dis-
tance may create issues relating to inconsistent work practices, different perceptions of 
authority, and lack of mechanisms for creating shared understanding and avoiding mis-
understandings and reduced cooperation [1, 32, 33, 38, 44]. 

Several GSD issues frameworks and models already exist in the literature [24, 33, 
34, 39, 40]. For example, one maps communication, coordination and control process 
issues against temporal, geographical and socio-cultural distance dimensions [33]; 
others present risk frameworks for the use of Agile practices in GSD [24, 31]; and 
another presents a model of how remote communication and knowledge management, 
cultural diversity and time differences negatively impact requirements engineering in 
GSD [39]. Our proposed framework integrates the GSD issues classification scheme 
of [33] as one dimension and uses Scrum practices [1] as the other dimension. 

2.2   Scrum Practices in GSD 

Scrum is an iterative, time-boxed, incremental project management method based on 
a simple “inspect and adapt” framework [29]. A major reason for the success of 
Scrum is the physical collocation of development team members [32]. However, the 
literature also reports instances of success in using Scrum practices in GSD [34]. For 
example, a recent study found that using Scrum practices in GSD improves communi-
cation, trust, motivation and quality [1]. Some reports also claim that some Scrum 
practices can mitigate some of the recognized GSD challenges [8, 24]. For example, 
based on experience, one report claims that Scrum practices such as daily scrum, 
scrum of scrums, sprint planning and retrospective meetings engage distributed team 
members in collaboration, help visualization of hidden problems, develop trust and 
increase team spirit [23]. Similarly, [8] claims that sprint planning provides shared 
visualization of project activities and increases “teamness”. Furthermore, [21] sug-
gests that daily scrum meetings bring transparency and encourage informal communi-
cation among distributed stakeholders; sprints provide frequent offsite work monitor-
ing opportunities; sprint planning meetings provide shared understanding of common 
goals and improve task awareness, and; sprint ‘demos’ bring transparency to stake-
holders and prevent problems early. 

Our proposed research framework draws on the Scrum practice set identified in 
one of the few empirical studies of the use of Scrum in GSD, namely [1]. 
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2.3   Research Framework Development 

In sum, a review of the developing literature on the use of Scrum practices in GSD 
indicates encouraging results [34]. However, there is a paucity of empirical studies in 
the literature. Most current studies are industry experience reports so there is a need 
for further empirical research. 

An initial way forward is to construct a research framework from the current re-
ports as a basis on which to empirically validate and build on current knowledge and 
experience. The framework is intended to integrate current literature-based results and 
views about how Scrum practices have been found to be effective (or are expected to 
contribute) in mitigating the challenges that arise in GSD. We propose such a frame-
work and approach in the remainder of this paper. 

The framework, in Table 4, shows GSD challenges as rows and Scrum practices as 
columns. The rows list challenges facing software development in global contexts 
identified in [33] and [40]. Twelve GSD challenges were identified from [33] and 
[40] in three broad categories (communication, coordination, and control), each relat-
ing to a particular source characteristic (temporal, geographical or socio-cultural dis-
tance). These challenges are summarized in Table 1, adapted from [33] (and each 
challenge is further described in [40]). For example, reduced opportunities for syn-
chronous communication are attributed to communication and feedback delays due to 
offset time zones between locations (refer to [40] for the remainder). 

Table 1. Summary of GSD challenges 

Process  
Category Challenge Source Category 

Reduced opportunities for synchronous communication Temporal distance 

Face to face meetings difficult Geographical distance Communication 

Cultural misunderstandings Socio-cultural distance 

Increased coordination costs Temporal distance 

Reduced informal contact can lead to lack of critical task 
awareness 

Geographical distance 

Inconsistent work practices can impinge on effective 
coordination 

Socio-cultural distance 
Coordination 

Reduced cooperation arising from misunderstanding Socio-cultural distance 

Management of project artefacts may be subject to delays Temporal distance 

Difficult to convey vision and strategy Geographical distance 

Perceived threat from training low-cost ‘rivals’ Geographical distance 

Different perceptions of authority can undermine morale Socio-cultural distance 

Control 

Managers must adapt to local regulations Socio-cultural distance 

 
The columns in the reference framework in Table 4 list seven Scrum practices 

identified in an empirical study of the use of Scrum in GSD [1]. These are: sprint 
planning meeting, sprints, daily scrum, scrum of scrums, sprint demo (or review), 
retrospective meeting, and backlog (refer to [1] for a description of these practices). 

The table cells are populated from our literature review, with the literature-based 
challenge mitigation mechanisms summarized in categories. The categories, described 
in Tables 2 and 3, were derived as follows. The initial SLR [34] and a subsequent 
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search using the same protocol found 27 primary papers [1-27]. These papers were 
examined for empirical evidence, unsupported theory, and/or observations from ex-
perience indicating how Scrum practices might mitigate GSD challenges. The search 
resulted in 202 scrum-related mechanisms being identified. Due to the large number, 
the mechanisms were then examined to find common themes, which enabled them to 
be clustered into eight categories. The categories are described in Table 2. The pri-
mary papers that identified one or more mechanisms within a category are marked 
with an X in Table 3 (a spreadsheet of the full detailed list of practices, reference 
sources and categorizations is available from the first author upon request). 

The search protocol, paper selection and practice extraction and categorisation 
were enacted, validated and cross-checked by two researchers. 

Table 2. GSD Challenge Mitigation Mechanism Categories 

Category ID Description 

Synchronized 
work hours 

GSD_P1 
Increase overlapping working hours between sites to enable synchronous communi-
cation for meetings; for example, adjust working hours at sites to create some over-
lap or participate in meetings from home 

ICT-mediated 
synchronous 
communication 

GSD_P2 
Practices that enable synchronous formal or informal communication between 
teams; for example, use individual or conference phone calls, teleconference, video 
conference, web conference, or application 

ICT-mediated 
asynchronous 
communication 

GSD_P3 
Practices that enable asynchronous communication between team members; for 
example, email, Instant Messaging, or Wiki 

Visit GSD_P4 
Face-to-face meeting made possible by travelling between sites. Two main kinds: 
seeding visits to build relationships, and; maintaining visits to sustain relationships 

Frequent (or 
Improved) 
communication 

GSD_P5 
Enable frequent formal and informal communication among team members through 
tools and/or face-to-face meetings 

Iteration GSD_P6 
Activities that involve cyclical repetition enable multiple incremental opportunities 
to monitor progress and resolve issues 

Review GSD_P7 
Formal or informal activities that enable reflection on prior activities, assessment of 
completed work, and the opportunity for stakeholders to provide feedback to the 
teams 

Planning GSD_P8 
Activities that establish the scope of work, resourcing, scheduling, and the processes 
to be employed 

The categories described in Table 2 reflect a range of approaches found in the lit-
erature to overcome challenges arising from the temporal, geographical, and socio-
cultural distances encountered in GSD. For example, mechanisms to address temporal 
distance include adjusting working hours [37], increased use of asynchronous col-
laboration tools [39] and use of bridging across sites [40]. To address geographical 
distance, mechanisms include using synchronous and asynchronous communication 
tools [39], visits (travel) [40] and modularization of work [38]. To address socio-
cultural distance, mechanisms include liaisons [40], increased use of asynchronous 
tools [39], and planned rotations (visits) [39]. While these mechanisms appear to be 
generic (that is, they are equally applicable to any development method), the underly-
ing principles of Agile methods imply that Scrum practice may leverage additional 
benefits from their use. For example, the last four categories (GSD_P5 to GSD_P8), 
represent mechanisms that reflect inherent characteristics of many Scrum practices 
themselves (that it, the Scrum practices themselves may mitigate the GSD challenge). 
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Table 3. GSD challenge mitigation mechanism categories referenced in the literature 

Mechanism
Categories

Paper 
Reference 

GSD_P1 GSD_P2 GSD_P3 GSD_P4 GSD_P5 GSD_P6 GSD_P7 GSD_P8 

[1] X X X  X X X X 
[2] X  X  X  X  
[3] X X X X X  X X 
[4] X X    X X X 
[5] X X    X X X 
[6] X X X X X X X X 
[7]     X    
[8]  X X  X   X 
[9] X  X   X X  
[10]   X    X X 
[11]  X     X X 
[12] X X   X X   
[13] X X X     X 
[14] X X X    X X 
[15]  X  X X X X X 
[16] X X X  X  X X 
[17] X X   X X X  
[18]     X  X X 
[19] X  X  X X X  
[20]  X  X X X X  
[21] X X X X X X X X 
[22]     X  X  
[23]   X  X  X X 
[24]  X   X  X  
[25] X X X X X  X X 
[26] X X   X    
[27] X X       

 
The findings on how Scrum practices might contribute to overcoming each GSD 

challenge are described in the next section. Empty cells in Table 4 indicate that no 
mitigation mechanism was found relating to that combination of variables in the lit-
erature. The framework contributes an integrated summary of the literature-based 
findings and expectations of how common Scrum practices might mitigate (minimize 
or reduce to zero) the distance-based challenges that can arise in developing software 
in dispersed global locations. 

The research framework provides value as an independent research outcome, as a 
reference guide to inform current practice, and as a basis upon which to conduct fur-
ther empirical research (starting with validation of the literature-based views con-
tained within it). 

3   Research Framework 

This section describes the proposed research framework. 

3.1   Communication Challenges 

According to the literature, temporal, geographical and socio-cultural distance may 
impact GSD communication processes by creating three main challenges: reduced  
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opportunities for synchronous communication; face-to-face meeting [are] difficult, 
and; cultural misunderstandings (Table 1). The mechanisms that may mitigate each 
challenge, summarised by category in Table 4, are discussed following. 

Reduced opportunities for synchronous communication (due to temporal distance): 
The effect of time zone offsets can be so great that there is little or no opportunity for 
direct contact between dispersed team members. The literature suggests that Scrum 
practices can mitigate this challenge by synchronizing work hours (GSD_P1) and/or 
ICT-mediated asynchronous communication (GSD_P3). For example, Scrum team 
members may participate in daily scrums in common working hours or outside nor-
mal hours by adjusting working hours, or by emailing answers to the three questions 
before the meeting (What did I do yesterday? What will I do today? What impedi-
ments are in my way?), and reviewing minutes emailed back after the meeting. Simi-
larly, for most (if not all) of the other meeting practices, team members from each site 
may synchronize work hours to achieve a suitable meeting time and/or use various 
asynchronous communication tools (such as wiki or email). 

Face-to-face meetings difficult (due to geographical distance): Due to developers 
being located in different countries, it can be difficult to hold face-to-face meetings. 
The literature suggests that this challenge can be met by using ICT-mediated synchro-
nous communication (GSD_P2) to hold meetings online. It also suggests, in the case 
of sprint planning, that ICT-mediated asynchronous communication (GSD_P3), 
and/or visits (GSD_P4) can be used, and; in the case of sprints, that the challenge can 
be mitigated by visits (GSD_P4) to another site. Distributed teams may use a wide 
range of ICT-mediated synchronous communication tools to support their Scrum 
practices, such as: teleconference; videoconference; web-conferencing; audio/video 
Skype; Microsoft Office Communicator with Live Meeting; and/or desktop sharing 
and Microsoft Net Meeting for application sharing. Similarly, ICT-mediated asyn-
chronous communication tools such as email, Internet Relay Chat (IRC), and Wiki 
may be used to support meetings. Distributed team members may also physically visit 
a counterpart site to plan and/or conduct a sprint as a collocated team; or, in some 
cases, when new knowledge needs to be transferred, some offshore team members 
may visit the onshore site to work for a few sprints. 

Cultural misunderstandings (due to socio-cultural distance): With developers lo-
cated in different countries, misunderstandings can occur due to language and cultural 
differences. The literature suggests that Scrum practices may reduce cultural misun-
derstandings by using: ICT-mediated asynchronous communication (GSD_P3); visits 
(GSD_P4), and/or; frequent (or improved) communication (GSD_P5). For example, 
distributed Scrum team members could post answers to the three Scrum questions into 
a wiki (an ICT-mediated asynchronous communication tool) which can help to reduce 
misunderstandings. Similarly, visits by distributed team members to other sites for 
sprints can also increase familiarization and understanding between teams, and; fre-
quent participation by distributed teams in daily scrums and sprint planning meetings 
can provide many communication opportunities to break down cultural barriers and 
increase cultural awareness. 
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Table 4. Research Framework: GSD Challenge Mitigation Mechanisms by Categories 

 Scrum practice 

GSD challenges 
Sprint 

Planning Sprint 
Daily 

Scrum 
Scrum of 
Scrums 

Sprint 
Review 

Retro-
spective Backlog 

Temporal: Reduced opportuni-
ties for synchronous communi-
cation 

GSD_P1, 
GSD_P3 

 GSD_P1, 
GSD_P3 

GSD_P1 GSD_P1, 
GSD_P3 

GSD_P1, 
GSD_P3 

 

Geographical: Face to face 
meetings difficult 

GSD_P2, 
GSD_P3, 
GSD_P4 

GSD_P4 GSD_P2 GSD_P2 GSD_P2 GSD_P2  

C
om

m
un

ic
at

io
n 

Cultural: Cultural misunder-
standings 

GSD_P5 GSD_P4 GSD_P3, 
GSD_P5 

    

Temporal: Increased coordina-
tion costs 

GSD_P1, 
GSD_P3 

 GSD_P1, 
GSD_P3 

GSD_P1 GSD_P1, 
GSD_P3 

GSD_P1, 
GSD_P3 

 

Geographical: Reduced infor-
mal contact can lead to lack of 
critical task awareness 

GSD_P2,  
GSD_P8 

GSD_P4, 
GSD_P6 

GSD_P3, 
GSD_P5, 
GSD_P7, 
GSD_P8 

GSD_P5, 
GSD_P7, 
GSD_P8 

GSD_P2, 
GSD_P7 

GSD_P3, 
GSD_P7 

GSD_P3, 
GSD_P7, 
GSD_P8 

Cultural: Inconsistent work 
practices can impinge on 
effective coordination 

 GSD_P6 GSD_P5     

C
oo

rd
in

at
io

n 

Cultural: Reduced cooperation 
arising from misunderstandings 

GSD_P3, 
GSD_P5, 
GSD_P8 

GSD_P4, 
GSD_P6 

GSD_P5 GSD_P5 GSD_P5, 
GSD_P7 

GSD_P5, 
GSD_P7 

 

Temporal: Management of 
artifacts may be subject to 
delays 

       

Geographical: Difficult to 
convey vision and strategy 

 GSD_P4,  
GSD_P8 

GSD_P5, 
GSD_P8 

 GSD_P7   

Geographical: Perceived threat 
from training low cost ‘rivals’ 

       

Cultural: Different perceptions 
of authority can undermine 
morale 

GSD_P5  GSD_P5  GSD_P5   

C
on

tr
ol

 

Cultural: Managers must adapt 
to local regulations 

       

 

3.2   Coordination Challenges 

According to the literature, temporal, geographical and socio-cultural distance may 
impact GSD coordination by creating four main challenges: increased coordination 
costs; reduced informal contact, leading to a lack of critical task awareness; inconsis-
tent work practices that can impinge on effective coordination, and; reduced coopera-
tion arising from misunderstandings (Table 1). The mechanisms that may mitigate 
each challenge, summarised by category in Table 4, are discussed following. 

Increased coordination costs (due to temporal distance): The effect of time zone 
differences can be so great that project coordination complexity and costs increase. As 
for the communication challenge, the literature suggests that Scrum practices can be 
used to mitigate coordination costs by: synchronizing work hours (GSD_P1), and/or; 
using ICT-mediated asynchronous communication (GSD_P3). For example, distrib-
uted team members may adjust work hours to participate in Scrum meetings, thereby 
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improving project coordination by enabling progress to be reviewed, work to be 
planned and open issues resolved between sites in a cost effective manner. Costs may 
also be reduced by distributing relevant material before and/or after meetings via 
asynchronous means (such as email, audio and video recordings, and wikis). 

Reduced informal contact can lead to lack of critical task awareness (due to geo-
graphical distance): Due to geographical dispersion, lack of close interaction be-
tween developers may reduce team awareness. The literature suggests that Scrum 
practices can mitigate this challenge by: ICT-mediated synchronous (GSD_P2) and/or 
asynchronous communication (GSD_P3); frequent (or improved) communication 
(GSD_P5); iteration (GSD_P6); review (GSD_P7), and/or; planning (GSD_P8). For 
example, distributed team members may use synchronous communication tools such 
as video-conferencing to increase their sense of presence in meetings with other team 
members. They may also use ICT-mediated asynchronous communication in support 
of meetings to increase task awareness. For example, for retrospectives, one approach 
is to implement a transition backlog into which distributed team members can record 
and save ad-hoc improvement ideas. A significant benefit of the Scrum model is that 
all practices offer the opportunity to review what is required and/or what is being 
done, which increases task awareness. Similarly, the iterative nature of sprints and 
work planning also provide opportunities for, and encourage, informal interactions as 
well as formal contacts that can improve task awareness within the distributed teams. 

Inconsistent work practices can impinge on effective coordination (due to socio-
cultural distance): Due to developers being located in different countries, there may 
be differences in national culture, language, motivation and work ethics that can im-
pede effective project coordination. The literature suggests that daily scrum and sprint 
practices can mitigate this challenge through frequent (or improved) communication 
(GSD_P5) and/or iteration (GSD_P6), respectively. For example, regular participa-
tion of distributed team members in daily scrum meetings can help to maintain consis-
tent work practices between sites. Similarly, iterations of sprints reinforce practice 
consistency and improve coordination between distributed sites. 

Reduced cooperation arising from misunderstandings (due to socio-cultural dis-
tance): Similarly, team member cooperation might be reduced due to cultural and 
language differences creating misunderstandings. The literature suggests that Scrum 
practices can mitigate this challenge by: ICT-mediated asynchronous communication 
(GSD_P3); visits (GSD_P4); frequent (or improved) communication (GSD_P5); it-
eration (GSD_P6); review (GSD_P7), and/or; planning (GSD_P8). For example, 
sprint planning meetings may be recorded by a web-conferencing tool and played 
back by the offshore team to reinforce its understanding. Distributed team members 
may also travel to other sites to participate in a few sprints as a collocated team to 
develop their understanding and increase cooperation and team coordination. Also, 
participation of distributed team members in Scrum meetings and reviews can provide 
frequent opportunities for communication to reduce misunderstandings between team 
members and improve cooperation and coordination. Similarly, the iteration of sprints 
and related meetings enables misunderstandings to be identified and resolved early, 
thereby reinforcing ongoing cooperation and improving project coordination. 
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3.3   Control Challenges 

Finally, according to the literature, temporal, geographical and socio-cultural distance 
may impact GSD control processes by creating five main challenges: management of 
project artefacts may be subject to delays; difficulty in conveying vision and strategy; 
perceived threat from training low cost rivals; different perceptions of authority that 
undermine morale, and; managers must adapt to local regulations (from Table 1). The 
mechanisms that may mitigate each challenge, summarised by category in Table 4, 
are discussed following. 

Management of project artefacts may be subject to delays (due to temporal dis-
tance): When a project involves members from different sites, enforcing process and 
artefact standards can be particularly important in maintaining consistency and inter-
operability. There was no evidence in the literature, however, of the use of Scrum 
practices to mitigate this specific GSD challenge. 

Difficult to convey vision and strategy (due to geographical distance): Due to stake-
holders being located in different countries, it can be difficult for onshore-based  
managers to convey the project vision and strategy to offshore sites. The literature 
suggests that Scrum practices can variously mitigate this challenge by: visit 
(GSD_P4); frequent (or improved) communication (GSD_P5); review (GSD_P7), 
and/or; planning (GSD_P8). For example, daily scrums enable team members to 
communicate frequently, enabling the project’s vision and strategy to be reinforced 
within the project. In sprint reviews, offshore team members are able to ask product- 
and project-related questions of the onshore team and, in some cases, the product 
owner or customer, thereby increasing their understanding of the project’s mission. 
Also, distributed team members may visit the onshore site and/or participate in a 
Sprint “zero” (project kickoff Sprint), which can develop an understanding of the 
product vision and strategy and project goals. 

Perceived threat from training low cost ‘rivals’ (due to geographical distance): Em-
ployees in higher cost economies can feel that their jobs are under threat from re-
sources sourced from lower cost economies. However, there was no evidence in the 
literature of the use of Scrum practices to mitigate this specific GSD challenge. 

Different perceptions of authority can undermine morale (due to socio-cultural 
distance): Perception of authority in a team environment can vary between cultures. 
For example, in some cultures (e.g. Irish), developers may require their superiors to 
earn their respect and in others (e.g. US culture) give more unquestionable respect to 
figures of authority [40]. The literature suggests that Scrum practices can mitigate this 
challenge by frequent (or improved) communication (GSD_P5). For example, partici-
pation of onshore and offshore teams in daily scrums, sprint planning and review 
meetings can help members develop a sense of individual worth and value as a team 
member. These meetings can also clearly establish the boundaries of responsibility for 
the sprint within and outside the Scrum team. 

Managers must adapt to local regulations (due to socio-cultural distance): When 
working in a global setting, onshore-based managers must be aware of the limitations 
that local regulations can bring to the project. There was no evidence in the literature, 
however, of the use of Scrum practices to mitigate this specific GSD challenge. 
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4   Discussion 

Industry experience suggests that use of Scrum practices can provide communication, 
coordination and control benefits in GSD. As a result, there is increasing interest in 
using Scrum practices for GSD. However, empirical research on Scrum practices in 
GSD is scarce. Therefore, a knowledge gap exists on the use of Scrum in GSD in re-
search and practice. Based on findings and experiences reported in the literature, we 
have proposed a research framework as a basis for developing further understanding. 
The framework integrates current results and views on how Scrum practices mitigate 
the challenges of distributed and global software development. The mechanisms were 
found to fit into eight categories. The framework contributes a research outcome in 
itself, a reference guide for current practice, and a basis for future empirical validation 
and investigation for research. 

Examining the table overall, the literature appears to suggest that Scrum practices 
have no distinctive advantage over other development methods in mitigating temporal 
distance-based challenges (since adjusting working hours for meetings and using ICT-
mediated asynchronous communications tools are available to any method). However, 
while communication tools (which are common mechanisms) are also prescribed to 
mitigate geographical challenges, these other challenges appear to also be mitigated 
by mechanisms such as frequent communication, iteration, planning and review that 
are distinctively inherent in Scrum practices. 

4.1   Limitations 

The proposal has some limitations. First, the framework is a theoretical contribution 
that remains to be empirically validated. Since few of the source articles from the lit-
erature are empirical studies (indeed, most are industry experience reports), the 
framework represents mostly theoretical propositions that need to be empirically vali-
dated. This work is proceeding in related research. 

Second, it may be possible, in some instances, that the researchers misinterpreted 
an author’s intent. For example, the researchers may have incorrectly interpreted an 
effect of a Scrum practice on a GSD challenge that is inferred in a paper rather than 
explicitly stated. The use of two researchers reviewing the papers reduced the likeli-
hood of this occurring. Furthermore, subsequent use of the framework in empirical 
testing will validate its legitimacy from the perspectives of both the researchers who 
developed it and the authors of the papers on which it was based. 

Third, the challenges and mechanisms contained in the framework are not exhaus-
tive so may not be complete. For example, relevant studies may also exist in the sys-
tems engineering and/or information systems literatures, which were not included in 
this study. Also, this is an evolving field in software engineering; other studies may 
have emerged since the literature review was completed. The framework, however, is 
easily extendible to take on new challenges and mitigation mechanisms as new re-
search emerges. 

Finally, the framework implicitly assumes a generic GSD context so it may ob-
scure project-specific variations in mechanisms. GSD takes many forms, depending 
on contextual factors, which may heavily influence how and which Scrum practices 
are used [42]. For example, contextual variables such as team size, collaboration 
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mode, number of distributed sites, degree of overlap in time zones, and degree of 
socio-cultural-economic compatibility will influence the configuration of a particular 
GSD project. Our expectation is that the framework will evolve to encompass a base 
set of challenges and mitigation mechanisms that will be relevant in most GSD pro-
jects using Scrum practices. 

4.2   Implications 

This review and the framework it has produced raise implications for research and 
practice. First, for research, questions arise from some initial observations of the 
framework: 

1. Three challenges (in the Control section of Table 4) are not mitigated by any 
mechanisms in the literature. Is this because of gaps in the literature? Are these 
challenges invalid? or Is Scrum unable to respond to these challenges at all? 

2. Two other control challenges are mitigated by only a few mechanisms. Does this 
mean that these challenges are significant threats to the use of Scrum in GSD? 

3. Six of the nine rows that contain mitigating mechanism categories, include one or 
more mitigation mechanism from categories GSD_P5 to GSD_P8. This implies 
that for these GSD challenges, the nature of the Scrum practice itself is sufficient 
to mitigate the challenge. For example, the literature suggests that the challenge 
“Inconsistent work practices can impinge on effective coordination” can be miti-
gated by the fact of holding daily (frequent) scrums and/or iterative sprints. Does 
this mean that Scrum practices are particularly effective in mitigating these chal-
lenges? 

4. Maintaining backlogs appears to have a limited role in reducing GSD challenges. 
Alternatively, does this represent a gap in the practice and research literature? 

These observations point to areas for future research. 
Second, at a higher level of thinking, the framework reinforces the contingency 

theory view of development methodologies that there is no one “ideal” method for 
every context [43]. Every development context is different, requiring an adapted 
method and, to be practically useful, every method needs to be adaptable to different 
development contexts. Scrum was originally conceived for Agile development in col-
located teams. However, with some support and enablement of various tools and 
mechanisms, Scrum may also be directly or indirectly effective in developing soft-
ware in globally distributed team environments. 

Third (and more concretely), the framework raises other questions for ongoing 
software engineering process research. For example, given that it may be possible to 
use Scrum in GSD, is this approach more effective than other development methods? 
What comparative set of GSD challenges does Scrum mitigate in contrast to other 
methods? What (if any) differences exist in the toolsets used (or needed)? What can 
each approach learn from the other? Does it matter which approach is used? 

Finally, for practice, the framework provides practitioners with an initial under-
standing of how Scrum practices may be used effectively in mitigating some of the 
challenges in developing software collaboratively across borders. It can serve as a 
reference framework of current knowledge and experience to guide practices in cur-
rent and future projects. 
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4.3   Future Work 

Related and future research will conduct multiple case studies in real life industry 
settings to validate and extend the framework. Due to the scale of the framework, 
these studies may focus separately on challenge-based sections of the framework. 
Based on these studies and other emergent findings in the literature, we will modify 
and extend the framework as a reference map for research and practice. 

For example, work is underway on qualitative analysis of four case studies of GSD 
projects using Scrum practices from three internationally known corporations involv-
ing industrial, telecommunications and software engineering applications. This study 
is focusing on validating the prescriptions for the four coordination challenges in  
Table 4. Data was analysed and coded using NVivo. First the data was examined for 
evidence of the four coordination challenges (which was found in each case) and then 
for evidence of how Scrum practices were used to mitigate each challenge (mitigation 
mechanisms were found for each practice/challenge combination; that is, for each cell 
in this section of the table, thus potentially extending the framework). Currently, the 
case-based findings are being compared to the literature-based prescriptions. 

5   Conclusion 

Software engineering cannot escape the trend towards globalisation that faces many 
business endeavours today. To effectively and efficiently develop and maintain high 
quality products collaboratively across borders, traditional software development and 
project management processes need to be re-examined and re-thought. Agile methods 
such as Scrum need to be sufficiently ‘agile’ to adapt to new usage domains for them 
to continue to be relevant and to survive. GSD needs adaptable processes to overcome 
the significant challenges that can arise in this environment. Practice is likely to con-
tinue to inform research as software developers try out different ways of succeeding 
in GSD projects. As presented in this paper, the literature indicates that there is a sub-
stantial need for research to “catch up” and support the needs of practice. In addition 
to offering an integrated view of the current literature to support practitioners, the 
literature-based analysis and resulting framework presented in this paper offers some 
forward directions for this research. 
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