Master Thesis
Software Engineering

January 2013

Investigating the Suitability of Extreme
Programming for Global Software
Development

A Systematic Review and Industrial Survey

Syed Mudassir Shah and Muhammad Amin

School of Computing

Blekinge Institute of Technology
SE — 371 79 Karlskrona

Sweden



This thesis is submitted to the School of Computing at Blekinge Institute of Technology in
partial fulfillment of the requirements for the degree of Master of Science in Software
Engineering. The thesis is equivalent to 2 x 20 weeks of full time studies.

Contact Information:

Authors:

Syed Mudassir Shah

E-mail: mudassir.shah@gmail.com

Muhammad Amin
E-mail: aminkhan99@gmail.com

University advisor:
Samireh Jalali
School of Computing

School of Computing Internet : www.bth.se/com
Blekinge Institute of Technology Phone  :+46 457 38 50 00
SE — 371 79 Karlskrona Fax : +46 455 38 50 57

Sweden



ABSTRACT

Context: Over the past few years, Global Software Development (GSD) has emerged as an
evolving trend in the software industry. The reasons behind this evolution are globalization,
economic benefits, time to market, organizational and strategic location, access to skilled
labor and reduction of costs. But despite its benefits, GSD also has challenges associated
with communication, coordination and control. The challenges are mainly due to temporal,
geographical and socio-cultural distances. Due to flexibility, and emphasis on frequent
communication in agile methods, researchers have shown interest in incorporating agile
methods in GSD. Extreme Programming (XP) is one of the most widely known agile
methodologies that values simplicity, communication, courage and feedback. In this research
study, we have investigated the suitability of XP in GSD by exploring its benefits and
challenges in the state of art and state of practice.

Objectives: This study aims at investigating the benefits and challenges associated with the
combination of XP and GSD both in the research literature and in practice. The study also
explores practices or solutions adopted in order to address the challenges of XP-GSD
combination. Moreover, this study compares challenges of XP-GSD combination with the
traditional GSD challenges.

Methods: This research study has been accomplished with the help of a systematic literature
review (SLR) and an industrial survey. For the systematic review, the snowballing approach
was applied, and an initial set of papers was selected from IEEE Xplore and Google Scholar.
After selecting the initial set of papers, backward snowballing was conducted by searching
the reference list of the selected articles. Then, forward snowballing was conducted by
looking for the citations of the selected articles. After completing the systematic review, the
industrial survey was conducted to complement the findings of the literature review. The
data collected from both SLR and survey was analyzed both separately and collectively.

Results: Through SLR, we have identified 21 benefits, 17 challenges, and 18 solutions to the
identified challenges. The benefits and challenges have been classified according to
communication, coordination and control in correspondence with temporal, socio-cultural
and geographical distance. From the survey, we have identified 19 benefits, 20 challenges,
and 17 solutions to the identified challenges. However, 13 benefits, 9 challenges, and 8
solutions were in common. The majority of challenges found in both literature review and
survey were however traditional GSD challenges.

Conclusions: The scarcity of research literature in the area suggests that more work needs to
be done to successfully implement XP in GSD projects. The benefits and challenges
extracted from literature and industry suggest that the application of XP can be beneficial for
GSD since the majority of the reported challenges are traditional GSD challenges.
Nevertheless, application of XP practices can alleviate these challenges. Based on the results,
we conclude that XP can be successfully adopted in GSD projects.

Keywords: Global Software Development, Extreme
Programming, Global Software  Engineering,
Distributed Software Development, Agile



ACKNOWLEDGEMENT

We would sincerely thank our supervisor Samireh Jalali for her encouragement,
support and continuous feedback throughout this project. We would also like to thank
our survey respondents who, despite their engagements participated in responding the
survey questions. We would also like to thank our fellow students who helped us in
developing the survey. We would also like to thank Dr. Tony Gorschek for developing
a streamlined process for master thesis. And last but not the least we would also like to
thank our friends and family who have continuously encouraged and supported us
throughout the course of this project.



TABLE OF CONTENTS

ABSTRACT oo |
ACKNOWLEDGEMENT ..ottt eeeeeeeeeeeeeeseseeeseeeseeeseseeseeeees ]
TABLE OF CONTENTS ..o 11
LIST OF FIGURES ...ttt ettt V
LIST OF TABLES ..., VI
1 INTRODUCTION ...ttt ettt 2
1.1 BACKGROUND .....coii it 2

O O = LT =1 (T YAV o TR 3
1.1.2  RESEArCh MOLIVALION ...ccovviiiiciiic ettt et sebe e e s s bb e e s s sabae e ns 4

1.2 AIMS AND OBJIECTIVES . ..uttiiiiiiiiiiiiitiie e e et iiitbteiee s e st siitbbate s s e e s s sibbb b b e e s e e s s as bbb b e s e e e s s esbbbbeaeeaeesssasbreees 5
1.3 RESEARCH QUESTIONS ...ciuttiittessttesttesttesteesstessssesssttessseessssesssessssesssessssesssessssessnsesssssssnsessssees 5
1.4 EXPECTED OUTCOMES ..uttiiiiiiiiiiiiiieiieeessiiibreiesse st siitbtssessesssssstbssssesssssabbaesssesssssabbsssessssssinssrenns 5
1.5 STRUCTURE OF THESIS .utttiiiiiiiiiittieiieseeiiiitirsieesesssiitbastesssssssssssssssssssssssstsessssssssssssssssssssssinsrsnes 6
I =11 Y 11 N[0T 0 1) 2SSO 6

2 RESEARCH METHODOLOGY ..o, 8
2.1 RESEARCH DESIGN . ..iiiiiiiittiiiiee ettt e e s iibar e e s e bbbt e s e e e s s e ebb b et e e e e s e s sabbbaaeesessssbbbaseeeeessaanes 8
2.2  RESEARCH IMETHODS .....ciiittitiieeiiiiiitiitie e e e e st iiibbrt e s e e s s s estbb e s e e e s s s st b b e e e e e s s s ssabbbaaeesessssbbbabeeesessases 9
2.2.1 Systematic Literature Review (SNowballing).........cccovvevieiiiiiiie e 9
2.2.2  SUIVEY ittt ettt ettt ettt e bt e bt bt e e e Rt e R e e Rt e R Rt R b e R bR e b e beennae e nres 9
2.2.3  DaAta ANAIYSIS....c.eiiieiie ettt e e enre e teeaearaeas 10

3 SYSTEMATIC LITERATURE REVIEW (SNOWBALLING).........ccccuee.. 12
3.1 PLANNING THE REVIEW. . uutttiiiiieiieeitiiii i e ettt e e e e e sttt et s e e s e s sttt aaeeeessssabbbatessesssesbanaesesesssases 12
T AT U ol IR 1 -1 (-0 | USSR PSRN 12
3.1.2  Search String GENEIALION .......ccocciiiieiiece ettt be e te e e 12
3.1.3  Study Selection CritEIIA .....ccveie ettt be e aeerne s 13

3.2  CONDUCTING THE REVIEW. ..uiiiiiiiiiiitiiiiie e sttt e sttt e e s s s st b st e e s e e s s sbbbate e s e e s seaabasaeeeeesssnns 15
R N B - 1 v W 2 (=1 1 1= | TR 15
I B T L r- W)Y 11 01T USROS PSRN 15

4 REPORTING THE REVIEW (RESULTS).....ccooiiiiiiiee e 17
o R U I (0 [0 NI 7 =7N 2 LS 17
A =3 =\ = ol S\ [ 1 10 o JR R 17
T = =] =\ =T o! Sl 010 ] 1 =5 IR 18
N 00 18 N 12U 1= [N LY LT I = 18
45 REPORTED XP PRACTICES .. .uuttiiiiiiiiiiiititi e e e e ittt e e e s st ibb bt e s s e e s sebbab b e e s e e s s ssbbbbesseessessbbbaeseeeeas 19
45.1 Reported Benefits and Challenges of Applying XP Practices in GSD............cccccoveuene. 20
4.5.2  Severity Of ChallENQeS .......cooiiiiiii e 27
45.3 Solutions/Practices Adopted to Cope with the Challenges..........cccccveiviniiiineneenn, 28

D SURVEY o, 34
5.1  QUESTIONNAIRE DESIGN.....ciiitiiiiiiiiitiieiie ittt siee sttt ae st e siaessbe et eesaee s staeesaneestaeesseesssneessneens 34
5.2 SURVEY PILOTING ...ciiiiiiiititiiiie e ettt e e s s e sttt e e e s s e st b b et e e e s e s s iabb b e b e e e e s s ssbbbateesessssbbaaaeaeeessaanes 35
5.3 SURVEY EXECUTION ...ciiiitttiiiiii i ittt e e s s e sttt e e s e s e st b b et e e e s e s s iabb b e b e e e e s s s sabbbaaeeeeesssaabbabeeeeessines 35
5.4  SAMPLING OF SURVEY POPULATION ....uoiiiiiiieieteee e ieteee e s ettee e e etee e s sateessestesssenranessnbanessseesesenens 35
5.5  REPORTING THE SURVEY ....utiiiiiiteie e iettie e s ettee e e etee e s steeessstaesesesaesessaaeesssstesessssesesssbesessnseessssnees 36
5.5.1 RO0IES OF RESPONUENTS ...oovveiiiiie et sresne e eneas 36
5.5.2 Software Development Experience of ReSPONAENtS.........cccccvvvvvrenieeierenese e snseenens 37



5.5.3  Involvement With XP PrOjJECES ......uciviierieiiieiesise sttt enens 37

5.5.4 Locations of the RESPONUENTS ........ccvcveieiiiieiese e enes 37
5.5.5 Respondents’ Organization Size ..............c.cccccccooviiiiiiiiiiiiineese e 38
5.5.6  ONSNOIE LOCAIONS ...oveieiiiieieiicie ettt ettt et 38
5.5.7  OffSNOIe LOCALIONS ......cviviiieieiiite ettt ettt 39
5.5.8  ProOjECt DOMAINS ...ccuviieiuieieiiiitesie st e ettt sttt et st stesreena e e e e e nbesnesneaneanens 39
5.5.9  XP Practices AOPIE .......cceoiiiiiiieiieiee et 40
5.5.10 Identified Benefits and Challenges. ..........ccccciiriiiiiiiiierce e 40
5.5.11  Severity 0f ChalleNQes .......ccciiiiiiii e 46
5.5.12 Solutions/Practices Adopted to Cope with the Challenges...........ccocoevneniiiencnnen, 48

6 DISCUSSION ...ttt 52
6.1  COMPARATIVE ANALYSIS w.iuviieitiiereateseesesteseeseaseseesessessesessessesessessesessessesessessesessessesessesseseasenses 52
6.1.1 Similarities and differences between state-of-the-art and state-of-practice ................. 52

6.2 OVERVIEW OF THE EVIDENCE FOUND IN LITERATURE AND SURVEY ......cccoiuiiienieaieanesieesieenns 54
6.2.1 Overview of Benefits Extracted from both Literature and Survey..........c.ccccoceveneennen. 54
6.2.2 Overview of Challenges Extracted from both Literature and Survey.............c.ccceue...e. 55
6.2.3  Overview of Solutions Extracted from both Literature and SUrvey...........c.ccccooereuennen. 56

6.3 IMPACT OF XP ON GSD .....uiiiiieiiiiieiie ettt ettt sttt sbe e sbe b e s e s 56
6.3.1 Identified challenges which already exist in GSD .........cccccceviviviive i 56
6.3.2 XP practices adopted to cope with the issues 0f GSD.........cccccevvevviiiiiievie i 57
6.3.3  Successful XP practices iN GSD ........cccevieiieiiiie et se e ae e 58

5.4 DISCUSSION ... .ttt ittt ettt ettt se e ae e s e e eb e e bt e bt e ne e se e s be e s be e sReenbeeneenreanrennee e 58
5.5 VALIDITY THREATS. .. et iuttittetietee st st e e bt e sttt s e aae e s st e bt e b e e bt e b e e se e s beesbeesreenbeeneenreanrennee e 59
6.5.1  INternal Validity ........ccoiviiiiie e 60
6.5.2  EXIErnal Validity .......coooiiiiiiie e 60
6.5.3  CONSIIUCE ValITILY.....ccveiiiiieiieiice e 61
6.5.4  CoNCIUSION VALIAILY ....oviviieiiiiiicieesee b 61

T CONCLUSION. ..ottt e nnee e 63
7.1 RESEARCH QUESTIONS REVISITED ....vviiiiiiiitiiiiiiesiiessieeasieessieessssessisesssssssseesssssssssssssnesssnssssnnans 63
7.2 WHAT HAVE WE DONE DIFFERENTLY? ...ueiitiiiitiiecie sttt ettt nne e 64
7.3 FUTURE WORK ...ttt ettt ettt ettt bbbt bttt b e b e e s bt bt e bt enneanrenne e 65
SELECTED PRIMARY STUDIES........ccooi e 66
REFERENGCES ........co oottt et ettt a e eares 68
8 APPENDIIX .. e 71
8.1 DATA SOURCES WITH SEARCH STRINGS AND SEARCH RESULTS ....coouiiiviriienieenieenieenne e 71
8.2 DATAEXTRACTION FORM...c.uiiitiiiiiiieitie ittt ettt 72
8.3 SURVEY QUESTIONNAIRE .. .cetitttitteeteeateesssesassessssesssesasessssesassssssssssssssssssssssssssssssssesssssssneens 73



LIST OF FIGURES

FIQUIe 1 THESIS SEIUCTUIE .....c.eeiiieeiieisierese e 6
Figure 2 RESEAICN DESIGN .....ccviiiieiiiie ettt s re et s re et e te e e sreanaenre s 8
FIQUIE 3 REVIEW PIOCESS. .. .cuviviiiieitiiteite st steeieste e e tesia et e staesaestesta e besneetestaesaesaestaestesreenee e 16
Figure 4 Year Wise PUDHCALION ..........ccoiiiiiiiiccise e 17
Figure 5 ReSearch MEethOdS ..........ccuiiiiiiiiiicce e 18
Figure 6 Countries INVOIVE .........ccoiiiii i e 19
Figure 7 Reported XP PraCtiCeS.......ccuuiiiiiriireieisesiese sttt 19
Figure 8 SUNVEY PHOTING ..o 36
Figure 9 Geographical Location of ReSPONAENTS..........ccvviveiiereciiieie e 38
Figure 10 Respondents' Organization SiZe.........cccceiviieieieeie s 38
Figure 11 ONSNOIe LOCALIONS. .......cuiuiitiriirieriereieesesie sttt et sr e nre s 39
Figure 12 OffShore LOCALIONS ........c.cciiieieiicc sttt st st ene s 39
Figure 13 ProjeCt DOMAIN.......ccicieiiiieiie ettt sttt st re e sre s ta et sreenee s 40
Figure 14 XP PractiCeS AGOPLE. ........cuiiiiriiieieieisis st 40
Figure 15 Benefits Reported by SLR and SUIVEY..........ccooiiiiiiieiieisisesese e 52
Figure 16 Challenges Reported by SLR and SUIVEY .........cccevevieiiciiiieene e 53
Figure 17 Solutions Reported by SLR and SUIVEY ...........ccviiiiieiiiiiiiisese e 54
Figure 18 Data EXIraction FOIM ..........coiiiiiiiiieieiscsee et 72
Figure 19 Survey QUESLIONNAITE ........ccveiiiiiiii ettt sttt sre st sreenn s 76



LIST OF TABLES

Table 1 SEArch KEYWOITS ........ccveieieeieieee ettt sttt see e e 13
Table 2 Kappa StatiStICS. ... .c.ciiiieieie ettt sre e sre e nnas 14
Table 3 Quality AssesSMENt ChECKIIST..........ccviiiiiiiceee s 14
Table 4 RESEAICH CONEXL .....c..iiiiie ettt sttt e seeanee e 18
Table 5 Benefits — Extracted from LIiterature ...........cooceoereeiinenie e 20
Table 6 Challenges — Extracted from LIterature ..........ccoccevvvevieieiieeie s 21
Table 7 Classification of Benefits - Extracted from Literature............ccocovevevenivnrenenneneenn. 25
Table 8 Classification of Challenges - Extracted from Literature ...........ccccooevivvrervnveninne. 26
Table 9 Severity of ChalleNQES .......ccvcviiiiiecce e 28
Table 10 Solutions - Extracted from LIterature .........ccocooviieriieieinisisesese e 33
Table 11 Roles and ReSPONSIDIITIES ..........ocviieieieiiii e 37
Table 12 Experience of SOftware ProjECES........ccccveiiiieeie it 37
Table 13 INVOIVEMENT WIth XP ......ooiiiiiiiiieee e e 37
Table 14 Benefits - EXtracted from SUIVEY.........ccooiiiiiiiiiieieiee e 41
Table 15 Challenges - Extracted from SUIVEY .........cciiiiiiiiiiieeies e 42
Table 16 Classification of Benefits — Extracted from SUIVEY.........cccccovvveiecicciie e, 46
Table 17 Classification of Challenges — Extracted from SUIrVey ..........cccoovveneneicnicnnnn, 46
Table 18 Severity of Challenges — Extracted from SUIVEY ..........cccovcvvvevevieniienin e 48
Table 19 Solutions — EXtracted from SUIVEY .......cccoviieii i 51
Table 20 Overview of Benefits Extracted from both Literature and Survey ...........ccccceeuee.. 55
Table 21 Overview of Challenges — Extracted from both Literature and Survey.................. 55
Table 22 Overview of Solutions — Extracted from both Literature and Survey..................... 56
Table 23 Challenges common between XP & GSD ..o 57
Table 24 Electronic databases With SEarch Strings...........ccoceeerereieinininesee e 71

Vi



ABBREVIATIONS

No Short Form Word
1__iGSD i Sehnas Dot
2 _|GSE ' Global Software Engineering
3 |DSD Distributed Software Development
4P Extvoms programming
2 LR Systomatic Literaturs Review
6__{QDA Oualitative Data Analysis
7 _iQCA Qualitative Comparative Analysis
&G Communication T
9 ___iCoord Seadtd
10 ICtrl Control T
11 |Ben sare
112 IChig Challenge
113 isol Sotion
14_|SUR ey T
115 1Gen  General

16 _iPr By
17 1Qlty Quay

vii



1

1.

INTRODUCTION

Over the past few years, many new trends have emerged in the field of software
engineering. These emerging trends have affected the methods and practices of software
engineering to a large extent. Software is no longer developed by engineers working on
their computers in collocated places. Software organizations are shifting towards Global
Software Development (GSD). In GSD, also known as Global Software Engineering
(GSE) or Distributed Software Development (DSD), people from different countries, time
zones and cultures work together to develop a software [1]. Due to globalization trends in
software development, a large number of enterprise level software products are mostly
developed in more than one location across continents. Economic benefits, short time-to-
market, strategic and organizational location, and access to skilled work force are some of
the reasons behind this trend [2]. But so far, most of the companies have not been able to
achieve these benefits [3] because GSD brings with itself a number of issues related to
communication and coordination, cultural differences, lack of trust between organization
and time-zone differences [4], [5].

Agile software development methods mitigate on the limitations of traditional software
development, and are flexible to requirement’ changes in all phases of software
development [6]. Agile methods encourage small self-organized teams and focus on
collaboration between customers and developers [7]. Frequent informal face-to-face
communication makes agile an adaptive, repetitive and minimally defined process [8]. Due
to its emphasis on frequent face-to-face communication researchers are interested in
combining agile methods with GSD to cope with some issues of GSD. Extreme
Programming (XP) [9] is one of the most widely used agile methods. XP focuses on doing
the simplest things to get the job done, and is mainly used for software development
activities that have changing requirements. XP follows a set of values in developing
software products. While communication is one of the four values of XP, it’s one of the
major challenges in GSD. Despite the fact that XP has some significant differences with
GSD, it is interesting to explore whether XP is suitable for GSD.

The main purpose of this research study is to investigate the suitability of XP for GSD
by finding out the benefits and challenges of XP-GSD combination. The data gathered
from the literature (through forward and backward snowballing) is compared against the
data collected from the industry practitioners (through survey). The study also aims at
exploring the similarities and differences between the findings of literature and industry. In
addition, it investigates whether the application of XP improves or worsens the already
existing challenges of GSD.

The rest of this document is organized as follows. Chapter 1 provides an introduction
to the topic, background of the study, aims and objectives, research questions, expected
outcomes and related work. Chapter 2 discusses research methodology, and chapter 3
describes planning and conducting of the systematic literature review. Chapter 4 presents
the results of SLR along with discussions around them, and discusses the data analysis.
Chapter 5 provides details of survey design, results, analysis, discussion and conclusion of
the survey. Chapter 6 discusses validity threats as well as the lessons learnt, and finally
chapter 7 presents the conclusion and future work.

1 Background

Global software development is an emerging trend in modern software industry and a
large number of software products are developed in global environment nowadays [4]. The
major reasons behind this shift are round the clock development, access to skilled workers,
and reduction of cost [3]. Most of the companies started shifting to GSD for cheaper, faster
and better software development but the empirical research in the area suggest that it is not



easy to realize these benefits of GSD [10]. There are many challenges associated with
GSD e.g. lack of communication and trust, time-zone differences, language and cultural
differences [11].

Agile methods could be incorporated into GSD to solve some of its challenges but the
combination seems to be incompatible at the first place because communication and close
collaboration among the team members are the critical features of agile software
development whereas these are the major problems in GSD. Although agile methods have
previously been successfully incorporated into GSD [P9], there are still challenges
associated with this combination. Some of these challenges are lack of communication,
lack of trust, time zone and cultural differences. In order to solve these issues more work is
required [12].

XP is one of the most widely used agile methods due to its potential to address the
existing problems of traditional plan driven methods. XP is based on four values namely
communication, courage, simplicity, and feedback. Based on these four values, XP
consists of twelve independent practices. These practices are planning game, small
releases, metaphor, simple design, testing, refactoring, pair programming, collective
ownership, continuous integration, 40 hour week, on-site customer, and coding standard
[9]. Traditional software development methods focus on processes such as heavy
documentation, strict project management, and minimum requirements’ changes during the
course of the project development. Instead, XP focuses on informal processes and is
flexible to requirements’ changes.

According to [13], many factors that help to coordinate the work in co-located
environment are not applicable in GSD. Some of these factors are a common recognized
environment, sharing the same project view, and frequent formal and informal
communication. GSD requires quick response to changes but is very hard to achieve due to
the challenges related to communication, coordination and control brought by temporal,
geographical and socio-cultural distances [14]. On the other hand, XP values simplicity,
communication, courage, and feedback, which all together make XP one of the most
suitable methods for GSD.

According to [12], XP is one of the most widely known agile methods in the context of
GSD. However, it is not clear whether XP is a suitable choice for GSD because XP focuses
frequent communication with the customer, which is very difficult to attain in GSD.
Besides, XP does not provide specific guidelines for project management [15]. These
issues make the combination of XP with GSD challenging.

1.1.1 Related Work
There are some research studies conducted on the use of extreme programming in
global software development. However, most of the studies have not directly discussed the
benefits and/or challenges associated with the combination of XP and GSD. Most of the
studies discussed the incorporation of XP into their projects and then discussed how this
incorporation helped them or created problems for them in their software development
processes. A brief summary of relevant studies is given below.

Fowler [16] has explained how they implemented agile process in an offshore project
between the US and India in which both offshore and onshore teams successfully
implemented agile practices. The applied practices were continuous integration, small
iterations, several different communication modes, and proxy customer. However, the
practices such as continuous integration and test process pointed out many integration
problems earlier, so that they could be fixed as quickly as possible. It is concluded that
applying these practices helped to avoid problems related to communication as well as



culture and time zone differences, to deliver business value, and to response to the changes
quickly.

Simpson and Duan [58] have explained how they adopted agile in a distributed project.
They have stated that pair programming and continuous integration helped with early fault
identification. In addition, efficient communication with the customer helped in getting
prompt feedback and building trust between the customer and the developing organization.
However, it is mentioned that time-zone differences made it difficult for them to kick off
iteration.

In [P9], the potential benefits of adopting agile methods in GSD are discussed as well
as the unsolved problems that agile teams faced in GSD setting. It is based on the current
research literature.

Nisar and Hameed [P3] discussed the introduction of agile practices in an offshore
setting to improve customer satisfaction. It is stated that agile practices (i.e. XP in this
case) can be successfully implemented in offshore software development. It is concluded
that agile practices (i.e. standard documentation practices, continuous integration, short
iterations, small releases, proxy customer, and frequent communication) helped to cope
with different issues related to lack of communication, lack of project visibility, lack of
interaction with the customer, project management and synchronization, and cultural
differences.

In [P23], the author has reported the challenges faced in adopting XP in a distributed
setting. The identified challenges were due to cultural differences, difficulty in continuous
integration and differences in priorities across different regions. The author has also
discussed lessons learnt from these challenges in the current processes.

A study by Xiaohu et al. [P11] presents the experience of adopting XP in GSD in
which an offshore team collaborated with an onshore customer. The team was located in
China and the customer in the USA. The main intention with adopting XP has been to
improve the major obstacles due to lack of communication and poor quality of
communication. It helped the organization to save costs up to 60% compared to doing the
project onshore.

In [17] and [18], the authors have discussed the use of continuous integration, small
releases, unit tests, automatic tests, and continuous builds. Both papers have discussed the
usefulness of agile practices but they found it hard to implement these practices in GSD
settings due to the challenges introduced by distance.

1.1.2 Research Motivation

Previous research studies show that different XP practices (e.g. pair programming,
continuous integration, small releases, proxy client, unit testing, simple design, etc.) have
been successfully adopted in different distributed contexts. These practices have more or
less mitigated some existing challenges of GSD. However, available research evidence is
not sufficient (both qualitatively and quantitatively) to conclude that XP is completely
suitable in different GSD settings. Therefore, this study aims at comprehensively collect
evidence from both research literature and software companies on benefits and challenges
of combing XP in GSD. Analyzing the identified pros and cons associated with the
combination of XP-GSD leads to answering several interesting questions such as whether
XP alleviates or intensifies traditional GSD problems related to communication, control,
coordination.



Although it would have been interesting to conduct a research on all agile methods in
GSD context, due to time limitation and the scope of this research project it was not
feasible to explore all agile methods. Furthermore, XP is one of the most frequently used
agile methodologies and this motivated us to investigate whether it actually benefits GSD
by solving some of GSD challenges.

In this study, we have investigated the benefits and challenges of adopting XP
practices in GSD both in the available research literature and in practice since no prior
study has collected and summarized them from both perspectives (i.e. researchers and
practitioners). Besides, the study has also investigated the way different organizations and
researchers have dealt with the issues of XP in GSD contexts. The study has also
investigated whether the introduction of XP has affected the existing GSD challenges
related to communication, coordination and control.

1.2 Aims and Objectives
The main purpose of our study is to explore the suitability of extreme programming for
global software development. Hence, the major objective of this research is to study
benefits and challenges of combining XP and GSD, and possible ways to alleviate the
challenges. The objectives can be summarized as follows.
o To identify benefits and challenges of XP-GSD combination in the research literature
and in practice
e To compare the benefits of this combination against the challenges
e To classify the challenges of XP in GSD according to their severity
e To identify solutions proposed to cope with the challenges in the literature and by
practitioners
e To identify similarities and differences between the evidence found in literature and
industry
o To compare the challenges of XP in GSD with traditional GSD challenges

1.3 Research Questions
We have derived the following research questions related to the topic.

RQL. What is reported in the available research literature about XP practices in GSD?
RQ1.1. What are the benefits and challenges?
RQ1.2. Which challenges are severe and require more attention than others?
RQ1.3. What strategies are adopted to deal with the challenges?

RQ2. What is being done in software organizations that have utilized XP practices in
their GSD projects?
RQ2.1. What are the benefits and challenges?
RQ2.2. Which challenges are severe and require more attention than others?
RQ2.3. What strategies are adopted to deal with the challenges?

RQ3. Does GSD benefit from XP practices?
RQ3.1. Which of the identified challenges are traditional GSD problems?
RQ3.2. Which XP practices can alleviate GSD challenges?
RQ3.3. Which XP practices are applied in which GSD settings?

1.4 Expected Outcomes
The expected outcomes of our research will be as follows:
e A list of benefits of adopting XP practices in GSD projects categorized according to
the specific GSD setting
e Alist of challenges (categorized according to their severity) of adopting XP practices
in GSD projects in the specific GSD setting



o A list of strategies adopted to deal with the challenges of using XP practices in GSD
projects in a specific GSD setting

Differences and similarities between the findings from literature and industry

A list of challenges specific to the combination of XP and GSD

A list of practices specific to XP that alleviate traditional GSD challenges

A list of applied XP practices for each GSD setting (e.g. offshore insourcing, onshore

outsourcing, etc.)

1.5 Structure of Thesis
We have organized the thesis into three main categories. The Figure 1 illustrates the
thesis structure.

Thesis
v l v
Introduction & Research Outcomes
Related Work Methodology
L Chapter 1: N Chapter 2: Chapter 4:
Introduction Research Methodology | Reporting the Review
Background Research Design
> g g N Chapter 5:
| Related Work Research Methods Survey
Chapter 6:
—» Aims & Objectives | Data Collection | [ Discussion
P Research Questions Snowballing [ L] Chapter_?:
Conclusion
| Data Analysis
Method
Chapter 3:
Planning the Review

Figure 1 Thesis Structure

1.6 Terminology

Benefit: Getting profit form something is known as benefit [45]

Challenge: Challenge is stimulating task or problem [45]

Severity: A problem requiring great effort to solve is said to be having more
severity [45]

Practice: Activities based on knowledge, skill or competence and which are
used as a normal way for doing something [47]

Solution: An action or process used for solving a problem [45]

Outsourcing: Outsourcing is of two kinds. An external company develops a
software product for a client or provides software development activities to
client. This kind of organizational setting is known as offshore outsourcing.
Whereas in onshore outsourcing both the client company and sub-contracting
companies are located in the same country [46].

Offshoring: In offshoring or offshore insourcing, software development
centers are established by a company in another country to handle the
demands of that particular market [46].




e Distributed Teams: In distributed teams, the team members located in
different places work on different task with or without informal face-to-face

meetings [46].
e Virtual Teams: In virtual teams, team members located in places work jointly

on the same tasks [46].



2 RESEARCH METHODOLOGY

In this chapter we have presented the research design, the research methods to answer
the posed research questions and the motivation for using the selected methodology.

2.1 Research Design

State of the art State of practice

Benefits &
Challenges
RQ 1.1

Severity of
Challenges
RQ 1.2

Solutions
RQ 1.3

Benefits &
Challenges
RQ 2.1

Solutions
RQ 2.3

Severity of
Challenges
RQ 2.2

[ Snowballing ] [Industrial Survey]

Analysis Analysis

v 7

L= =
!

/ [Analysis and Discussion RQ3] \

L
[ Conclusion }

A8 4

Figure 2 Research Design

We have conducted this study in three different phases. In each of the first two phases,
different research methods are employed to get the answers for the posed research
questions. In the third phase descriptive and comparative analysis has been performed on
the data collected from phase | and phase II.

In the first phase of the research, we applied forward and backward snowballing as
discussed in [19]. The purpose of this phase was to collect data from literature and to
qualitatively explore the benefits and challenges associated with the application of XP in
GSD. The study has also explored the solutions proposed for different challenges
associated with the combination of XP and GSD. The data was analyzed both qualitatively
and quantitatively and the results related to RQ1 and its sub-questions have been
presented.



In the second phase of the research we have conducted an industrial survey in order to
explore the benefits, challenges and their solutions in relation to applying XP practices in
GSD in software companies. We used both open-ended and close-ended questions in the
survey. The data gathered from the survey was analyzed to get the answer for RQ2.

Finally in the third phase, comparative analysis [20] has been conducted on the results
of both phase I and phase Il in order to understand the similarities and differences between
their results. The outcome of this phase provides answer to RQ3.

2.2 Research Methods

According to [21], research is “original investigation undertaken in order to gain
understanding and knowledge”. A researchers’ work is basically built on the application
of some methods and techniques [22]. A research work can be conducted by applying
qualitative, quantitative or mixed method approaches. In our research work we have
adopted a mixed method (combination of qualitative and quantitative) approach. The
reason for choosing mixed methodology is that it helps in making the results consistent
[22].

2.2.1 Systematic Literature Review (Snowballing)

According to [23], Systematic Literature Review(SLR) can be defined as “a means of
identifying, evaluating and interpreting all available research relevant to a particular
research question, or topic area, or phenomenon of interest”. Literature survey (a
combination of literature search and literature review) helps in providing a starting point to
the researchers and sets the context of the project [24]. SLR is known as a secondary
review while the individual research studies included in the SLR providing the original
information are known as primary studies [23].

According to [23] and [25], SLR helps in conducting a very accurate methodological
review of research evidence and synthesizes the scientific work in a fair way. Besides
SLR, two other kinds of literature reviews exist which can be used as alternatives to SLR.
The first one is systematic mapping, which is conducted in a situation where the area of
research is very broad and very little evidence is available in literature. The second one is
known as tertiary review, which is conducted when a number of systematic literature
reviews are already conducted. During our preliminary literature survey we have found
that systematic mapping and tertiary reviews are not suitable for us because our area of
research is neither too broad nor too narrow. We have found that there are studies
available on the combination of XP and GSD but no SLR has been conducted in this area.
Therefore, we have chosen SLR as one of the methods for our research. We will conduct
the SLR in the following steps.

¢ Planning a literature review by developing a review protocol and justifying the
need for SLR

¢ Conducting the review according to the protocol (selection of primary studies,
data extraction and data synthesis)

e Reporting the review by documenting the analyzed data and presenting the
results

2.2.2 Survey

After completing the SLR we conducted empirical research in order to complement the
findings of SLR. Empirical research can be conducted by applying different methods [26].
Some of these methods are surveys, case studies and experiments. Due to the controlled
nature of experiments and the fact that they are used to control the situation and
manipulate the behavior directly and precisely [26], experiments are not suitable for this
research. On the other hand case studies are conducted in order to observe why and how
things happen and to investigate the facts related to the context[27]. Collecting the benefits
and challenges of adopting XP in GSD through case study would have been difficult.



Besides, generalizing the results of case study in the context of our research was also
difficult. That’s why case study was not suitable for this research. So, the empirical
research was conducted with the help of an industrial survey. We conducted an industrial
survey to investigate the XP practices adopted in the industry in GSD settings, the benefits
of these practices, challenges associated with adopting these practices and the
practices/solutions adopted to cope with these challenges.

The reason for conducting the survey was to gather more information from the
practitioners working at different positions in different organizations. Survey helps in
understanding the opinion of a larger population and in generalizing the results [26].

Based on the evidence found in literature we designed our questionnaire. We contacted
different persons working at different positions in the industry and asked them to
participate in our survey. We also joined different GSD and agile communities and forums
online and distributed our survey on those communities’ web pages. After the completion
of the survey we found the similarities and differences between the evidence found in
literature and industry.

2.2.3 Data Analysis

Non-numeric information having different kinds of values is known as qualitative data
[28]. Qualitative data can also be termed as information in descriptive form which can
neither be counted nor measured [29]. Qualitative data analysis (QDA) is used to convert
these kinds of immeasurable data into rational findings. Due to the fact that QDA is unique
and is heavily dependent upon the thinking and decision making of analyst, there is no
precise formula for QDA [30]. Due to these mentioned facts QDA becomes more difficult.
However, there are different kinds of guidelines available for QDA. The data collected
from SLR and Survey was first analyzed separately and then jointly.

2.2.3.1 Narrative Analysis

In order to qualitatively analyze the data extracted from snowballing we conducted
narrative analysis. According to [51], narrative analysis can be used to analyze reviews
from both qualitative and quantitative research. It is the most commonly used analysis
method for analyzing the data collected from systematic reviews. A defining characteristic
of narrative analysis is the adoption of narrative summary of the findings of studies to the
synthesis process [54]. It can happen alongside or instead of statistical analysis. Besides
describing the findings of a review, it involves in the selection, ordering and reporting of
data extracted from literature [55]. The use of narrative analysis helped in extracting
interpretations on a high level of abstraction. The data extracted from both systematic
review and open-ended questions in the survey was analyzed using narrative analysis. The
results from both systematic review and survey were classified in tabular form.

2.2.3.2 Descriptive Analysis

The close-ended questions in the survey were analyzed by using descriptive analysis.
Descriptive analysis summarizes what the data shows. It provides summaries of the sample
and the measures [52]. Descriptive analysis is also used to describe the basic features of
data in a study. Descriptive analysis also helps in summarizing and classifying the
collected data in clear and understandable way [40]. We used descriptive analysis to
evaluate the sample size from the survey.

2.2.3.3 Comparative Analysis

Comparison is a very important part of any kind of research. In order to understand the
similarities and differences between entities and to build a conceptual model between
them, researchers use different kinds of logical and systematic techniques [20]. Qualitative
Comparative Analysis (QCA) is a technique which can be applied on the problems making
causal interferences on a small number of variables [31].
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In QCA an entity is compared with other entities in order to find which features are
distinct and which are common among them [32]. Since finding the similarities and
differences between state of the art and state of practice regarding the application of XP in
the context of GSD is one of the objectives of this research, we decided to use QCA.

2.2.34 Alternative Analysis Methods

There are multiple alternatives for analyzing both the qualitative and quantitative data.
One possible alternative for analyzing the data extracted from literature review and survey
(open-ended questions) was Ground Theory [56] [57]. According to [53], the researchers
should not have any pre-conceived idea about the data for conducting grounded theory.
However, in our case, we were pretty much sure about the extracted data, its analysis and
what we were looking for.

We could also use thematic analysis [55] as an alternate analysis method. As compared
to narrative analysis thematic analysis implies restriction on the data being analyzed
because it looks for recurrence of themes in the available data [55]. Narrative analysis also
helps in finding recurring themes in the available data but the difference between narrative
analysis and thematic analysis is that narrative analysis does not just focus on one
particular recurring theme.

11



3 SYSTEMATIC LITERATURE REVIEW
(SNOWBALLING)

In the first part of our research we conducted a systematic review to gather data about
the application of XP practices in GSD. Literature review can provide results with a high
scientific value if it is performed systematically and thoroughly [33]. The primary purpose
of conducting the SLR in this thesis was to go through the reported literature in XP and
GSD and find the benefits and challenges of XP in the context of GSD i.e. answer to RQL1.
The SLR was conducted according to [19] and we had a pre-defined review protocol based
on our research questions.

There are three main steps in systematic review. These steps are planning the review,
conducting the review and reporting the review.

3.1 Planning the Review
The planning step of systematic review consists of all the planning for conducting the
systematic review. In the planning step we defined a review protocol which consisted of
search strategy definition, formation of the search string, selection of data sources,
inclusion and exclusion of studies, data extraction and quality assessment criteria.

3.1.1 Search Strategy
In order to make the search results clear we recorded all the search results. We
maintained a log of the review process where we stored the information about both the
included and excluded studies. Before starting our search we formulated a search string
based the search keywords from research questions and inspected the search results
according to pre-defined selection criteria. Our search strategy consisted of the following
steps as suggested by [19].

1. In order to get a starting set of papers start searching in the leading journals
and/or conference proceedings

2. Review the reference list of the relevant articles in step 1 and 2

3. Find the citations for the articles found in step 1 and 2

3.1.2 Search String Generation
We have formulated our search string on the basis of the major keywords from the
research questions. We have also added different alternative terms to the keywords. Also
in order to intersect or incorporate search results of different keywords Boolean operators
AND and OR have been used.

{A1 OR A2 OR A3 OR A4 OR A5} AND {B1 OR B2 OR B3 OR B4 OR B5 OR B6
OR B7 OR B8 OR B9 OR B10 OR B11 OR B12 OR B13 OR B14 OR B16 OR B17}

12



No i1 Search Keyword

Al | Agle
A2 | extreme programming ]
A\ Xp ]
A4 txp2
A5 1 Flexible

Bl 1 distributed software development |
B2 1 global software development |
1 B3

| B4
B4 | globally distributedwork |
B6 ! collaborative software engineering

O
=
>
O
o)
=
=.
<
D
w
Q
2
QD
=
(¢>]
o
@D
<
D
e
k=]
3
D
>
=

=
o
o
o8
[%2]
o
—
=
D
=
D
@D
>

=
>
@D
@D
=
>

(=]

B7 1 distributed development
B8 i distributed teams
B9 1 global software teams

B10 | globally distributed development i
B11 | geographically distributed software development
B12 ! dispersed teams

J

4

| R T T R TN T 'i

B13 !
]

i

I

|

3
c
=
%)
=3
(0]
[%2]
o
—
=
D
=
D
o
@D
<
a,
(@]
=]
3
@D
>
—
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i B15 i software outsourc*
i B16 | software onshor*
! B17 | software insourc*
Table 1 Search Keywords

3.1.3 Study Selection Criteria

We reviewed studies written in English only. We decided inclusion of the studies on
the basis of title and abstract. If we were unable to decide the inclusion or exclusion of a
study on the basis of title and abstract we reviewed the full text of the article. This was to
make sure that we do not miss any studies relevant to our systematic review. We discarded
those articles, which were not available in full text. We removed duplicate studies in the
beginning of our review and it helped us save substantial amount of time for the review
process. The detail of our inclusion and exclusion criteria is given below.

_____________________

3.1.31 Inclusion Criteria

e Auvailability of the articles in full text

e Articles are published in journals, conference proceedings

e Articles are empirical studies on XP and GSD or they provide an overview of
XP in GSD or they discuss the benefits and/or challenges of adopting XP
practices in GSD or they propose solutions/practices/frameworks/strategies to
cope with the challenges of XP in GSD.

3.1.3.2Piloting Inclusion/Exclusion Criteria

A pilot study is small scale preliminary study conducted before performing a complete
systematic review in order to have a mutual understanding between the authors [34]. It
helps in avoiding bias and brings consensus between the authors. We applied our
inclusion/exclusion separately on the downloaded papers. In the beginning we applied our
inclusion/exclusion criteria on three randomly selected papers. Based on our
inclusion/exclusion criteria each one of us individually decided whether to include a
particular paper or not. In order to be sure of the selection of studies by both of us, we also
performed Kappa statistics. Kappa statistics is used to measure the level of agreement
between two raters/researchers [35]. Kappa is useful in cases where all the disagreements
are equally serious [35]. In Kappa each sample of subjects is rated on a nominal scale from
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0.0 to 1.0. A higher value suggests more reliability where as a lower value suggests a
lower level of agreement [36]. In order to be consistent while describing the relevant
strength of agreement according to Kappa statistics the labels in Table 2 are assigned to
the corresponding ranges [36]. For calculating kappa we used online kappa calculator [50].
Our kappa reliability measure was 0.632, which was acceptable according to Table 2.

In case of a very high level of disagreement, we sat to discuss the conflicts and tried to
develop a mutual understanding and consensus. After having a mutual understanding we
started the actual study selection process.

Kappa Statistics | Strength of Agreement
<0.00 Poor
0.00-0.20 Slight
0.21-0.40 Fair
0.41-0.60 Moderate
0.61-0.80 Substantial
1 0.81-1.00 i Almost Perfect !

Table 2 Kappa Statistics

Regarding agreement about the extraction of data, we extracted data from five papers
initially and sent it to our supervisor. After verification and acknowledgment of the
supervisor regarding the extracted data we started extraction of the selected primary
studies.

3.1.3.3Quiality Assessment of Studies

After going through the inclusion criteria the studies were assessed for quality
according to predefined checklist. Quality assessment of studies is performed to provide a
more detailed inclusion/exclusion criteria and to minimize the possibility of bias among
the researchers [34]. The following table presents the quality assessment criteria for our
selected studies.

S. No ! Quality Assessment Checklist I Yes/No !

b1 Is the context of the study clearly described? i
b2 Avre the results of the study clearly described? |
L

Table 3 Quality Assessment Checklist

3.1.3.4Data Extraction Strategy

We used a pre-defined data extraction form to collect data from the selected studies. We
divided the extracted data into three main categories. The first one is general information, the
second one is background information and third one is specific information. All the three
categories and their specific attributes are described below. See Appendix 8.2 for a complete
data extraction form.

3.1.3.4.1 General Information

Title of article
Name of author(s)
Year of publication
Type of Article
Database source

14



3.1.3.4.2 Background Information

Empirical method
Research background
Collaboration mode
No. of sites

3.1.3.4.3 Specific Information

e XP practices adopted

e Benefits highlighted

e Challenges highlighted

e  Solutions or practices adopted

3.2 Conducting the Review

We conducted the review according to our defined review protocol. In order to start

searching we followed the steps mentioned in Section 3.1.1. The following sections
discuss the step-by-step process of conducting the review.

3.2.1 Data Retrieval

For getting an initial set of papers we started searching in IEEE and Google Scholar.
Initially we chose to apply our search string in IEEE from 2000 onwards. The reason for
choosing 2000 as the starting year was the fact that due to globalization GSD is recognized
as a trend of the 21st century [37][10]. The reason for starting our search in IEEE was to
get an idea about which year had the most published papers, so that we could set that year
as an initial year for starting snowballing. Among the 203 results we got from IEEE 14
papers were relevant. Among the selected 14 papers each 2004 and 2007 had three
published papers. We selected 2004 for starting our search in Google Scholar for backward
snowballing. We found 10 relevant research papers in Google Scholar after applying our
search string in Google Scholar. We reviewed the reference list of the selected papers. The
process continued iteratively until no relevant references were found. After completing
backward snowballing we started looking for the citations of the papers selected during
backward snowballing. We used Google Scholar for the citations as well. The processes
continued iteratively until no further citations of the selected papers were found. The
search strings applied are mentioned in Appendix 8.1. The review process is described in
Figure 3.

3.2.2 Data Synthesis

Synthesis is the process of combining small bits of data to form an integrated unit [38].
We summarized and sorted the extracted data with respect to descriptive and quantitative
synthesis [34]. In descriptive synthesis extracted information about the studies
(intervention, population, context and sample size etc.) should be tabulated in such a way
that it is consistent with the review questions whereas in quantitative synthesis the data
should be included in tabular form consisting of sample size for each intervention,
difference between the mean value for each intervention and units used for measuring the
effect etc. [34].

First we tried to find evidence of benefits and challenges of adopting XP in GSD. We
also looked for any solutions/practices proposed to cope with the issues of adopting XP in
GSD. We stored the extracted data in a Microsoft Excel tables and finally analyzed the
data collected in these tables and presented it in the results.
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4 REPORTING THE REVIEW (RESULTS)

The final phase of SLR is reporting the review, which initiate from the planning
phases. In this chapter we have statistically presented the results of the review according to
different characteristics. The results of the review have been presented according to the
year of publication, research types, application domain, different XP practices applied and
GSD context. We have also given a discussion and conclusion of the most widely used XP
methods.

4.1 Publication Years

Based on pre-defined inclusion/exclusion criteria we selected 29 peer reviewed
published primary studies for our review. For 2000 and 2002, we did not find any relevant
research paper. While for 2001 and 2003 we have only 1 research paper each. The reason
for this lower number of publication in the beginning of the decade is because the
organizations had just started moving their development to global sites and XP was not
mature as a software development process. In 2004-05 organizations started combining XP
and GSD and the proceeding years saw a growth in the combination of XP and GSD.
Much of the work on the combination of XP and GSD is done between 2006 and 20009.
This growth in the number of papers between these years is because organizations started
taking interest in combining XP and GSD to reap the benefits of both and to overcome the
problems associated with GSD.

Year wise Publication

No. of Papers
(=T (88 LS N th Oy
L

A
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Year of Publication

Figure 4 Year Wise Publication

4.2 Research Method

In most of the cases in the primary studies it was difficult to identify different settings
used by these studies for conducting research, collecting and analyzing data and validating
the results. Different research methods had been adopted by the selected primary studies.
Some of the papers had adopted multiple research methods to conduct their research.
Among the 29 research papers, 14 studies had employed case study as their primary
research method, 6 studies were experience report, 3 studies had adopted experiment as a
research method. 5 studies consisted of literature reviews. One of the research papers had
adopted canonical action research. Much against our expectations we did not find any
survey related to our research. And most of the experiments were conducted on an
academic level.
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Figure 5 Research Methods

4.3 Research Context

Table 4 consists of contextual information of the selected research papers. The
contextual information consists of research background, GSD collaboration mode and
subjects of investigation. Among the 29 research papers found in this study, 7 studies were
conducted in academia, 17 in Industry and 5 in both academia and Industry. As for GSD
collaboration, 13 studies were conducted in inter-organizational context and 8 in intra-
organizational context. 9 research papers had unclear GSD background. Among the 29
studies, students had participated in 4 studies, practitioners in 18 and both students and
practitioners in 2, whereas 5 studies had not provided any information about subjects of
investigation. We also included those papers in our research which discussed distributed
settings within the same country because the advantages and challenges were more or less
the same.

Project Context No. of Publications
Research Background  Academia 7
Industry 17
Mixed 5
Collaboration Mode Inter-Organizational 13

Intra-Organizational

Unclear

Participants Students
Practitioners 18
Mixed 2

Table 4 Research Context

4.4 Countries Involved
Among the 29 research papers we have found 18 different geographical locations
involved in the development. The most frequently mentioned locations are, USA (14),
India (4) and China (4). Among the rest of the locations Brazil, UK, Italy, Singapore, Hong
Kong and Mexico have been mentioned twice, whereas the remaining locations have been
mentioned only once. Figure 6, shows the names and percentage of the countries involved
in the development.
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Figure 6 Countries Involved

4.5 Reported XP Practices

Among the 29 selected papers different XP practices have been reportedly used. Pair
programming was used in as many as 16 papers. 7 papers had reported continuous
integration and small releases. 6 papers reported on-site customer. Planning game,
collective ownership, refactoring, testing, simple design and metaphor was reported in 4
papers, 40 hours-week was reported in 3 papers and coding standard was reported in 2
papers. Figure 6 shows different XP practices reported in literature. In some 8 papers it
was not clearly mentioned which XP practices had been used.

Pair Programming
Continuous Integration
Small Releases
On-Site Customer
Planning Game
Collective Ownership
Refactoring

Testing

Simple Design
Metaphor

40-Hour Week
Coding Standards

XP

XP Practices Reported

N
N
N

N

i

12

14

16

Figure 7 Reported XP Practices
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4.5.1 Reported Benefits and Challenges of Applying XP Practices in GSD

Many benefits of XP in the context of GSD have been reported in literature. The
following section describes the reported benefits associated with the combination of XP
and GSD. Among the selected primary studies 17 papers have discussed benefits of
adopting XP in their projects. Due to the fact that distance is the main factor separating
distributed development from co-located development, we have classified the identified
benefits and challenges on three dimensions of distance (i.e. temporal, geographical and
socio-cultural) [39]. The benefits having similar features or solving similar problems have
been grouped together. Each of these three dimensions of distance affects communication,
coordination and control [39]. Table 5 presents an overview of benefits extracted from

literature.
Benefits — Extracted from Literature
No 1D Description References
1 [SLR Com Benl 1. Reduction in communication delay [P1] [P6] [P3]

2. Increased customer feedback

[P3] [P4] [P5] [P6] [P7]

[P5] [P6] [P9] [P10] [P11] [P12]

2 |SLR_Com_Ben2 {Improvement in communication quality [P13]
3 |{SLR_Com_Ben3 [“Improved encouragement” and “increased trust” [P14] [P2] [P4]
1. Increased team cohesion [P4]
4 |SLR_Com_Ben4 2. Helps in finding a common vision [P5]
5 ISLR_Com_Ben5 i{More informal communication [P2]
1. Reduced socio-cultural distances
6 SLR_Com_Ben6 2. Improved understanding between the involved EEi]Z 1[P13]
persons
7 SLR_Coord_Benl 1. Increased time overlap [P22] [P4]
2. Decreased development time [P12] [P1] [P6] [P3]
8 {SLR_Coord_Ben2 [Reduced temporal distance [P13]
SLR_Coord_Ben3 1. Tr_ansparency of process and easier decision [P4]
9 making [P28] [P6]
2. Improved program visibility
10 |SLR_Coord_Ben4 |Easier configuration management [P4] [P6]
11 {SLR_Coord_Ben5 iImproves and eases knowledge transfer [P10] [P2] [P3] [P27]
12 ISLR_Pr_Benl Improved productivity [P10] [P1] [P12] [P4] [P27]
13 {SLR_Pr_Ben2 Increased concentration and focus on tasks [P28]
14 SLR_Pr_Ben3 Helps in understanding and improving the design [P13] [P6]
Ease in understanding the requirements [P11] [P24]
15 {SLR_Pr_Ben4 Improved quality [P1] [P5] [P12] [P13] [P28] [P7]
16 {SLR_QIty_Benl Removal/avoidance of errors [P10] [P13] [P6] [P7]
17 |SLR_QIty_Ben2 Client satisfaction [P9] [P3] [P6][P27]
18 {SLR_QIty_Ben3 Increased code readability and maintainability [P5]
19 {SLR_QIty_Ben4 Reduced complexity [P11]
20 |SLR_Cost_Benl  [Reduction of cost [P1]
21 {SLR_Cost_Ben2  Easier project estimation [P4]

Table 5 Benefits — Extracted from Literature
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Besides the benefits mentioned in Table 5, the introduction of XP to GSD projects also
introduces some challenges. Like the extracted benefits, the extracted challenges are also
relevant to communication, coordination and control. Table 6 presents an overview of
challenges extracted from literature. By comparing the extracted benefits and challenges we
have seen that some benefits do actually contradict with the challenges. For example
SLR_Com_Ben5 (More informal communication) has been reported as a benefit in one
research paper while the opposite has been reported in another paper e.g. SLR_Com_Chlg3
(Lack of frequent informal communication). We have reported both in order to highlight the
similarities and differences.

Challenges — Extracted from Literature

No ID Description References
1 SLR_Com_Chlgl {1. Lack of communication due to asynchronousi[P8]
coordination
2. Difficulty in having synchronous collaboration [P8]
2 SLR_Com_Chlg2 Reduced productivity due to communication overhead (P4]
3 SLR_Com_Chlg3 Lack of frequent/informal communication [P4] [P15] [P16] [P17] [P18] [P19]
[P20] [P21]
4 SLR_Com_Chlg4 {1. Lack of trust [P9] [P18] [P21]
2. Lack of team cohesion [P18]
5 {SLR_Com_Chlg5 :Lack of interaction with the customer [P4]
6 SLR_Com_Chlg6 {1. Cultural differences [P9] [P23]
2. Language barriers [P17] [P17]
7 iLR_Coord_Chlg Time zone difference [P23]
8 gLR_Coord_Chlg Conflicting work/unnecessary delays due to lack of [P8]
coordination
9 gLR_Coord_Chlg Difficulty in having an on-site customer [P24] [P20] [P17]
10 leLR_Coord_ChIg Lack of experience of XP [P10] [P25] [P8]
1. Difficulty in configuration management and version :[P9] [P23]
1 gLR_Coord_Chlg control system
2. Difficulty in editing shared data simultaneously [P8]
3. Difficulties due to weak technical infrastructure [P10] [P17] [P21]
SLR_Coord_Chlg
12 6 Lack of productivity due to geographical distance [P26]
13 ?LR_Coord_ChIg Difficulty in coordination [P16] [P21]
14 SLR_Coord_Chlg {1. Lack of accessibility of information [P4]
8 2. Difficulty in maintaining tacit knowledge [P18] [P19]
15 {SLR_Ctrl_Chlgl {Difficulty in accepting shared ownership [P23] [P4]
16 SLR_Ctrl_Chlg2 |Difficulty in making independent decisions due to [P4]
dependency on the superiors
17 |SLR_Ctrl_Chlg3 |Customer not aligned with agile [P22]

Table 6 Challenges — Extracted from Literature
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4.5.1.1 Temporal Distance

45.1.1.1 Communication

The most effective and ideal means of communication are face-to-face meetings, but in
GSD, teams are located in a geographically distributed location and most often in a
different time zone as well. Temporal distance is a hindrance in effective communication
in a GSD environment normally. But the introduction of XP has reportedly reduced
communication delay [P1]-[P3]. The introduction of XP has also increased customer
feedback in distributed projects [P4]-[P7].

According to [P1], the customer was located in USA whereas the development team
was located in China with no time overlap. And the teams mostly depended upon
asynchronous communication but the introduction of XP improved communication
between the teams and the product was successfully implemented. In [P2], the teams were
located in Italy, USA and Brazil. Despite temporal distance between the development sites,
the project was successfully implemented by using XP and pair programming. The use of
XP helped the organizations in reducing delay in communication. In [P3], the company
developed products for clients in USA, UK, UAE and Germany by using XP practices.
According to the authors the use of XP practices helped them in improving communication
quality and reducing communication delay. Application of XP practices in their
organization also helped them in increasing customer feedback. In [P3], the offshore
maintenance team in India successfully applied XP practices on the maintenance of project
for a client in USA. The use of XP practices helped them in getting a thorough feedback
from the customer. In [P7], the use of XP practices helped the development teams working
in India and Germany get an increased and quick feedback from the customers.

On the other hand we have also found out in our systematic review that the use of XP
practices had a negative impact on communication. According to [P2], while using pair
programming in distributed context it was difficult to have synchronous collaboration. In
distributed environment communication is done asynchronously most of the time and the
use of asynchronous means often slow down communication.

45.1.1.2 Coordination

In GSD team coordination is negatively affected because the development teams are
not in the same time zone or in other words there is little or no time overlap. The
introduction of XP has brought both positive and negative effects on coordination of
teams. But the main factor is time overlap. According to [P4] [P13] [P22], coordination
between the development teams improved provided they reduced temporal distance or
increased overlap in time. On the other hand if the time zone difference between the two
teams is increased the coordination will be decreased [P23].

4.5.1.2 Geographical Distance

45.1.2.1 Communication

In GSD software development is done in multiple sites. These software development
sites are often separated by geographic boundaries. The geographical distance brings with
itself a number of challenges due to lack of face-to-face meetings. But the introduction of
XP to GSD has brought both benefits and challenges to communication related to
geographical distance.

According to [P5] [P6] [P9] [P10] [P11] [P12] [P13] the use of different XP practices
helped them in improving communication quality. In [P5] the development team was
located in China and the customer was in USA. The development team worked on reverse
engineering project in their offshore location in China by using XP. The use of XP helped
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the development team complete the software successfully and improved the quality of
communication during the development. Whereas in [P6], the use of XP in offshore
maintenance project helped them improve communication between the onshore and
offshore teams. In [P10] the teams were working on a corporate project and were located
in Austria and India. The teams used distributed pair programming for improving
communication and coordination. The teams found that the introduction of pair
programming helped them improve communication between the two distributed sites.
According to [P13], a large telecommunication company transformed from traditional
waterfall model to XP for their telecommunication software. They used an Onsite-Offshore
Model for development. The development teams consequently saw an improvement in
communication with the introduction of XP in their development.

According to [P14], they adopted on-site customer for improving trust among the team
members and the customers. The use of on-site customer encouraged the development
team and increased trust between them. According to [P4] the application of XP increases
team cohesion among remote software development teams.

Despite these benefits, geographical distance has some negative effects on
communication when applying XP in a distributed environment. The challenges found in
this regard are more or less like the challenges faced in global software development as
reported in [14]. In distributed XP teams productivity can decrease due to communication
overhead [P4]. Lack of frequent/informal communication has been reported in literature
multiple times [P4] [P15]-[P21]. According to [P15], although the development teams
were located in the same country but different locations, it was difficult for the teams to
continue frequently. The introduction of XP and its reliance on informal communication
added to the problems of distributed teams working on a telecommunication project in
USA and Czech Republic [P20]. Lack of trust has also been reported by teams using XP in
their distributed projects [P9], [P18], [P21]. Frequent interaction with the customer is one
of the key success factors of XP, but it is impossible to achieve in distributed environment
which adds to the already existing challenges of GSD [P4]. In a co-located environment
XP teams would be communicating with each other, which increases team cohesion and
creates a sense of teamness among the team members. Whereas lack of teamness and team
cohesion is seen in the teams using XP in their distributed projects [P18].

45.1.2.2 Coordination

Due to the fact the GSD teams have limited opportunities of having face-to-face
meetings caused by geographical distance, XP-GSD teams faced a lot of challenges in this
regard. Although there are a few benefits reported in GSD projects, but the challenges are
more serious and more in numbers. According to [P4], XP makes software development
process in distributed teams transparent and the decision making becomes easier due to the
flexibility offered of XP. The use of suitable tools in XP-GSD projects make configuration
management easier despite geographical distance between GSD teams [P4], [P6].

But despite these few benefits, XP-GSD teams face some very important challenges
regarding coordination related issues affected by geographical distance. According to [P8]
XP projects faced conflicts in the ongoing work due to lack of coordination. Unnecessary
delays were also caused by lack of coordination in XP projects. On-site customer is one of
the most important XP practices. Most of XP projects require a customer to be available
on-site. For XP projects to be successful it is very important to have customer available all
the time through most of the project phases. He not only helps the development team but is
also part of the team. While applying XP practices in a GSD project, it is very difficult to
have a customer available all the time [P17] [P20] [P24]. The purpose of on-site customer
is that the developers seek for help from the customer in case of ambiguity in
requirements. Also the developers clarify and approve the developed module or part of the
software from the customer. According to [P10] [P25] [P8], lack of experience with XP
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projects negatively affected coordination among the GSD teams. In XP since the projects
are developed in small iterations and are released continuously, it is very difficult to
configure all the project work simultaneously [P9] [P23]. Managing different versions of
the project is also an issue in XP-GSD projects. According to [P26] [P16] [P21], lack of
coordination among the team members caused lack of team work and reduced productivity
of the team. It was also difficulty for the development teams to edit or change shared data
at the same time due to lack of coordination [P8]. According to [P10] [P17] [P21], there is
no technical infrastructure available for distributed XP teams, which makes it difficult for
the development teams to coordinate with each other and make considerable contribution
to the ongoing project.

45.1.2.3 Control

The introduction of XP to GSD project gave some benefits and challenges to control
related issues due to geographical distance. According to [P5], XP helped the organizations
find a common vision, which improved communication and coordination between the team
members and consequently improved control of the whole project and involved teams. The
application of XP encouraged the team members to work for a common goal. Beside this
one benefits, the introduction of XP also brought some challenges to GSD teams.
Collective code ownership is an important XP practice, in which any person can change
any part of the code and improve the product. The whole team is responsible for the
system design in collective ownership. Accepting collective ownership can be very
difficult. According to [P23] [P4], the team members found it difficult to accept collective
ownership. According to [P4], the team members become dependent on the decisions made
by senior staff members or project team leaders which make it difficult for them to make
independent decisions. It becomes difficult for organizations to start adopting XP practices
in their GSD project if the customer does not have any experiences of XP [P22].

4.5.1.3Socio-cultural Distance

45.1.3.1 Communication

In GSD projects the teams are from different nationalities most often. The socio-
cultural diversity in GSD teams brings with itself a number of benefits and challenges. The
introduction of XP has reportedly both benefited and challenged the socio-cultural
diversity of the GSD teams. The introduction of XP helped teams communicate informally
despite the socio-cultural differences between the development teams [P2]. According to
[P22] [P13] the introduction of XP helped in reducing socio-cultural distances between the
development teams. In [P13], the developing organization started using XP for the first
time which helped the onshore and offshore teams in reducing socio-cultural distances.
Also according to [P4] the introduction of XP improved understanding between the
persons involved in the development project.

The introduction of XP has also affected the development environment negatively.
According to [P9] [P23], cultural differences was one of the challenges faced by XP-GSD
teams. Language barrier has also been reported in the literature as one of the challenges
faced by XP-GSD teams. However these challenges are more due to the difference in
nationalities of the involved persons than the impact of XP.

45.1.3.2 Coordination

In terms of socio-cultural coordination, very few benefits and challenges have been
seen in the literature. According to [P10] [P2] [P3] [P27], the introduction of XP improves
socio-cultural coordination and consequently improves and eases knowledge transfer
between organizations and individuals. But others have argued against this notion of
improved knowledge transfer. According to [P18] [P19], they found it difficult to maintain
tacit knowledge between the organizations and individuals due to lack of socio-cultural
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coordination in their XP-GSD projects. Also according to [P4], it was difficulty for the
development organization to access necessary information required for the development of
the project.

By investigating and exploring the reported benefits and comparing with the
classification done by [14] [39], the benefits and challenges identified can be classified
according to (temporal, geographical and socio-cultural) communication, coordination and
control. The reason is because most of the reported challenges are identical and similar to
the challenges reported in [14].

Based on the classification of challenges we have followed a similar pattern for
classifying the benefits because most of the reported benefits help in solving problems
related to communication, coordination and control.

Table 7 and 8 represent the classification of benefits and challenges according to the
pattern followed by [14] [39]. Cells with question mark did not have any relevant benefits
or challenges reported.

Classification of Benefits — Extracted from Literature

Temporal

Geographical

Socio-Cultural

Communication

SLR_Com_Benl

SLR_Com_Benl

SLR_Com_Ben2

SLR_Com_Ben2

SLR_Com_Ben2

SLR_Com_Ben3

SLR_Com_Ben5

SLR_Com_Ben5

SLR_Com_Ben5

Coordination

SLR_Coord_Benl

SLR_Coord_Ben4

SLR_Com_Ben4

SLR_Coord_Ben2

SLR_Coord_Ben5

SLR_Com_Ben6

SLR_Coord_Ben3

SLR_Coord_Ben5

Control

Table 7 Classification of Benefits - Extracted from Literature

The reason for classifying some of the reported benefits in more than one category is
that these reported benefits could be helpful or beneficial in either category. See Table 5
and Table 6 for description of these classified benefits and challenges.
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Classification of Challenges — Extracted from Literature

Temporal

Geographical

Socio-Cultural

Communication

SLR_Com_Chlgl

SLR_Com_Chlg2

SLR_Com_Chlg3

SLR_Com_Chig2

SLR_Com_Chlg3

SLR_Com_Chlg4

SLR_Com_Chlg3

SLR_Com_Chlg5

SLR_Com_Chlg6

Coordination

SLR_Com_Chlg6

SLR_Coord_Chlgl

SLR_Coord_Chlg2

SLR_Coord_Chlg2

SLR_Coord_Chlg2

SLR_Coord_Chlg4

SLR_Coord_Chlg3

SLR_Coord_Chlg3

SLR_Coord_Chlg8

SLR_Coord_Chlg4

SLR_Coord_Chlg4

SLR_Coord_Chlg7

SLR_Coord_Chlg6

SLR_Coord_Chlg7

SLR_Coord_Chlg8

Control

SLR_Coord_Chlg5

SLR_Ctrl_Chlgl

SLR_Ctrl_Chlg2

SLR_Ctrl_Chlg3

Table 8 Classification of Challenges - Extracted from Literature

45.1.4General

Besides the benefits and challenges related to communication, coordination and

control due to temporal, geographical and socio-cultural distances, we have found three
more categories in literature, which are benefited by the introduction of XP in GSD
projects. These three categories are productivity, quality and cost. Description of the
benefits related to productivity, quality and cost could be found in Table 5.

45.1.4.1 Productivity

We have found in our systematic review that productivity gets benefits from XP in
GSD projects. According to [P10] [P1] [P12] [P4] [P27], the introduction of XP improved
productivity of the teams in their GSD teams. Besides, the introduction of XP decreased
the development time and as a result improved productivity [P12] [P1] [P6] [P3]. The use
of XP also increase the concentration and focus of the persons involved in the development
[P28]. According to [P13] [P6], XP helped them in understanding and improving the
design of their product. Requirement analysis and specification becomes easier when XP is
used as a development methodology [P11] [P24].

45.1.4.2 Quality

Besides productivity, software quality is another factor which is improved when XP is
applied in GSD projects. According to [P1] [P5] [P12] [P13] [P28] [P7], the introduction
of XP in to GSD projects improved product quality. When XP is adopted in a GSD project
it helps in removal/avoidance of errors at an early stage [P10] [P13] [P6] [P7]. According
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to [P9] [P3] [P6][P27], the introduction of XP also helps organizations in satisfying their
clients. Program readability, maintainability and visibility improves when XP is used a
software development methodology [P5] [P6] [P28]. According to [P11], the use of XP
helped them in reducing complexity of code and made it easy for developers to read, write
and maintain code.

451.4.3 Cost

Base on the evidence found it literature, it has also been stated in a couple of research
articles that the introduction of XP in GSD projects helped in solving some issues related
to cost of software development. According to [P1], XP helps in reducing the cost of
software development when adopted as a development methodology in a GSD
environment. Also according to [P4], XP helps in making the project estimation easier.
The reduction of cost and easier project estimation has not been reported in literature too
often.

4.5.2 Severity of Challenges

From the systematic review we have identified several different challenges related to
the application of XP in GSD. We thought it might be interesting to classify the identified
challenges on the basis of their severity. From the systematic review it was difficult to
identify the severity of the challenges. Despite revisiting the selected primary studies
multiple times we did not find about the impact or severity of reported challenges.
However, we could determine the severity of the reported challenges on the basis of two
factors, first the frequency of the reported challenges in literature and second the
challenges affecting the core values of XP i.e. communication, simplicity, feedback and
courage. We got a total of 23 challenges related to communication, coordination and
control from our systematic review. We used numerical assignment (grouping the
challenges into three categories) for determining the severity of the challenges [49]. The
three groups are high, medium and low. The challenge reported more frequently and/or
affecting one or more XP values had high severity, challenges which were either
mentioned by few papers or had little impact on XP values had medium severity and
challenges which were not mentioned too frequently or had little or no impact on XP
values had low severity.

Table 9 shows the severity of challenges based on the criteria mentioned in the
previous paragraph. From the table it is obvious that most of the challenges having high
severity had been negatively affecting the XP values of communication, courage,
simplicity and feedback. Lack of frequent informal communication is one of the most
reported challenges of XP reported in literature [P4] [P15] [P16] [P17] [P18] [P19] [P20]
[P21]. Besides informal communication is one of the most important requirements of XP.
The challenge has been reported more frequently in the literature and is a major threat to
the application of XP. Similarly the availability of on-site customer for answering the
queries of the developers is also an important requirement of XP. The availability of on-
site customer encourages communication and feedback but if on-site customer is not
available in a development environment it becomes difficult for the teams to communicate
and have frequent feedback on different artifacts. Similarly if an organization is looking
forward to adopt collective code ownership, but the team members located in different
sites or locations do not accept the idea or have issues and concerns about the practice, it
can have a negative impact on the application of XP in that particular environment. In
order to successfully adopt the practices such as continuous integration and short releases
in a geographically distributed software development environment, there should be tools
and technologies available to the teams for configuration management and if the team
members do not have the right tools available to them they may have difficulty following
XP processes in their development environment. Similarly lack of coordination, lack of
communication with the customer and lack of trust also negatively affects XP values and
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hinders the successful execution of software development process. Although some
practices having high priorities have not been discussed too frequently but they are still
very important because they are affecting some very important aspects of XP such as
communication.

Those challenges which had little impact on XP values and/or were discussed by few
research papers were considered to have medium severity. Despite the fact the some
challenges having medium severity have been reported more than once but they do not
have a major impact on values of XP. On the other hand the challenges having low
severity have both been reported in few papers and most of them have very little impact on
the values of XP. Most of the low severity challenges have been reported in identified
research papers only once. From the challenges it is clear that challenges having high
severity are mostly relevant to XP and they are affecting the core values of XP. On the
other hand, challenges with medium or low severity have very little or no relevance to core
values of XP. Most of the challenges having medium or low severity are typical GSD
challenges caused by temporal, geographical or socio-cultural distances [14] [39]. Table 9
presents a summary of the severity of the reported challenges. Detailed description of the
reported challenges can found in Table 6.

Severity of Challenges — Extracted from Literature
No High Medium Low
1 {SLR_Com_Chlg3 SLR_Com_Chlgl.1 SLR_Com_Chlgl.2
2 |SLR_Com_Chlg4.1 SLR_Com_Chlg2 SLR_Com_Chlg6.2
3 ISLR Com_Chig5.1 SLR_Com_Chlg4.2 SLR_Coord_Chlgl
4 ISLR_Coord_Chlg3 SLR_Com_Chlg6.1 SLR_Coord_Chlg5.2
5 {SLR_Coord_Chlg4 SLR_Coord_Chlg2 SLR_Coord_Chlg6
6 |SLR Coord_Chlg5.3 SLR_Coord_Chlg7 SLR_Coord_Chlg8.1
7 {SLR_Coord_Chlg7 SLR_Coord Chlg8.2 SLR_Ctrl_Chlg3
8 ISLR_Citrl_Chlgl SLR_Ctrl_Chlg2

Table 9 Severity of Challenges

4.5.3 Solutions/Practices Adopted to Cope with the Challenges
In order to cope with the challenges related to the combination of XP and GSD,
different solutions or practices have been proposed in literature. The following sections
present a discussion of the solutions related to different challenges. The pattern followed
for discussing the benefits and challenges has been followed for the solutions as well. A
grouping of the solutions with their description and according to their corresponding
challenges can be found in Table 10.

4.5.3.1 Temporal Distance

45.3.1.1 Communication

In order to improve communication, the development team used XP in [P15]. Two
development groups (reverse engineering and forward engineering) were made among the
distributed development teams. The reverse group played the role of an on-site customer.
Since, the project was a reverse engineering project of a legacy system, the reverse
engineering group would analyze the legacy system, specify the requirements and
confirmed it from offsite customer. After confirmation from the offsite customer, the
forward engineering group worked on the development. The development team did not just
rely on asynchronous communication. The development team directly communicated with
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the customer in case of any ambiguity. The system was developed iteratively, within time
and cost saving of about 60%. In [P8], the authors have proposed XPairtise, an Eclipse
plugin for supporting social practices in distributed pair programming. XPairtise had the
ability to support multiple communication channels. XPairtise also had an embedded
Skype control for having an audio session. Students on a six-month project successfully
used XPairtise. The problem with XPairtise is that it can only be used in situations where
the two teams have some overlapping working hours.

45.3.1.2 Coordination

According to [P23], each of the three distributed sites were having a time difference of
8 hours. In order to take advantage of this time zone difference the organization used the
strategy of daily handover from one region to another. The UK region would hand over the
work done to the US region which was at a distance of 8 hours. The US office would hand
over the work done to the Singapore office at 5 in the evening. The Singapore office
would then hand over to UK office at the end of their work day. This practice helped all
the three regions in having successful coordination and taking advantage of the time zone
differences. According to [P17], team members should adjust their working hours so that
they can have a maximum time overlap. In [P29], when adopting XP in a distributed
settings, sites having maximum time overlap should be selected. The solutions given in
[P17], [P29] having only provided suggestions and no empirical background has been
provided to support these arguments. Therefore, these solutions have not been considered
valid in the context of this study.

4.5.3.2 Geographical Distance

45.3.2.1 Communication

In order to cope with the issues of communication due to geographical distances,
different solutions have been proposed in the literature. According to [P23], in order to
make the communication effective and more informal they made use of video conferencing
as much as possible. Video conferencing tools were used at the time of handing over the
work done in one region to another and at the time of requirement gathering from the
customer. This made the software development process efficient and effective and the
involved sites did not face problems in communicating with each other. The use of video
conferencing tools had also been suggested as a solution to communication related issues
by [P4], [P21], but they have not provided any empirical background where video
conferencing has been used as a solution to lack of communication.

In [P24], the development team preferred face-to-face communication with the
customer for requirement gathering. When the customer was not available for face-to-face
communication, communication was done through phone plus special tools like Microsoft
Net Meeting. These tools helped the developing organization in clarification of
requirements up to a large extent. Since, the customer and the development organization
did not speak the same languages, the project manager of the development team played the
role of a translator and communicator. The use of multiple communication mode has also
been discussed in [P18], [P19], [P29], but they have not provided any background where it
has been used.

According to [P20], the project was faced with significant difficulties because of only
two hours overlap between the development and project management teams. Due to cost
related issues, telephone and face-to-face communication was very difficult. Another
option the teams thought about was installing voice over Internet Protocol (\VolP) on all
the management teams’ computers, but it was also a very expensive option. Instant
messages could not serve the purpose efficiently, because it was at that time a one-to-one
option and the development team wanted all the stakeholders involved when a problem
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related to requirements was being discussed. This made synchronous collaboration very
difficult for the teams. The team came up with an informal way of communication using
email instead of normal face-to-face communication. After about one month into the
project the development team started using a mailing list for their primary communication.
The emails were sent to all the members of the development and project management
teams. The developers would create a log of queries during their workday in Czech
Republic and sent it the project management teams in the United States. The project
management teams would answer the queries of the development teams and they would
work accordingly the next day. The email messages sent in this manner were mostly
clarification messages for clearing a particular requirement or issue. These kinds of
messages made the customer continuously involved in the development process and
communication between the customer and the developers was occurring continuously. It
means that in case of difficulty in having face-to-face or telephonic communication emails
can serve as means of communicating informally.

In [P2], the central team was encouraged to used email, chat and Skype for
communicating with the customer. The results showed that the use of these tools helped
the teams in communicating effectively. According to [P24], they used daily phone
conference call to communicate with the customer regarding the requirements which were
not clear. The calls were mostly made in the middle of the day with the project manager of
the development team and customer involved in it. The developers would gather all the
questions regarding unclear requirements before the phone call. After the call the
developers would start working on clearing those issues and making the cleared
requirements into artifacts.

In co-located extreme programming, informal meetings and interactions in lunch and
coffee breaks help the team members become a single group [P23]. This shared knowledge
and understanding helps the team members solve any complex idea or design issue when it
occurs. But achieving this understanding and trust is very difficult in distributed context.
According to [P23], they created remote pairings among the team members to help them
create a group mind. In order to do so they started remote pairing sessions between two
developers from different regions using VNC, teleconferencing and a common IDE.
Adopting this practice helped them in collaborating on ideas, sharing experiences,
removing misunderstandings and fostering a shared memory between pairs and remote
teams. Also in case related stories/artifacts were to be developed, they were developed in
an around-the-clock manner across all the regions. This sharing the development of related
artifacts and stories helped the remote teams build a common understanding and increase
mutual trust [P23].

45.3.2.2 Coordination

While using XP, the customer role is extremely important for activities related to
requirements management. In on-site customer, the customer should always be present and
physically available (in ideal situation). The role of the customer is to answer developers’
question regarding requirements of the system and to make decisions related to planning.
But the customer role becomes even more important in case the development is done in a
global software development environment. In [P20], persons involved in project
management were initially providing the developers with high level goals but they had no
well-defined customer. It was not clear how the system to be developed was used. This
situation made the identification of important and concrete features difficult. In this
situation a development lead and one proxy customer pointed out problems in the defined
project scope. But due to unavailability of customer and ambiguity of requirements, the
developers could not proceed further. After an initial month of trouble, a new customer
having a well-defined purpose and interest in the system got involved in the project. This
made the goal of the project clear. Involvement of a new customer helped in the creation of
well-defined and well-scoped user stories and improved the project team focus.
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According to [P15], the customer was available at the development site in the initial
two weeks of development at the development site. During these two weeks everything
was going smooth and the development team did not face any difficulty. After the first two
weeks, the customer left the development site and replied only once to email enquiries.
The lack of frequent communication and unavailability of on-site customer caused
problems in the system being developed and the defect rate increased to a great extent.

In [P8], XPairtise, an Eclipse plugin has been proposed which allows driver and
navigator to work simultaneously on the same artifact. By using XPairtise, the driver and
navigator can cooperate with each other as soon as the session starts. All the actions
performed by the driver are also shown to navigator. It makes the navigator aware of the
changes made by the driver thus helping in avoiding any conflict of work. XPairtise also
had the ability of supporting synchronous collaboration. It helped the users in starting,
joining, leaving and terminating a particular session.

According to [P23], the source control used by the UK team used to take 40 minutes to
synchronize changes from a remote region. As a result a new source control system
(Perforce) was implemented. The performance issues were dealt by using local proxies on
the system. In [P13], a common configuration management tool was used for version
control and documentation management of the software. This tool was accessible to both
on-site and offshore team members. It also helped in storing unit tests and daily builds.
The use of shared version control system has also been proposed by [P17]-[P19], but they
have not provided any information about the background and deployment of the system.

According to [P2], [P23], in order to cope with the issues concerning lack of
experience, XP coaches were hired. In [P23], USA and Singapore regions did not have
experience in XP and object oriented programming. In order to make the teams at these
regions familiar with XP, XP coaches were hired. The USA coach was hired from Seattle
USA, while the Singapore coach was hired from UK, these coaches recruited more team
members with the passage of time. Coaches played a very important role in the success of
the team. The weekly meetings held between the coaches yielded to consistent results. In
[P2], a coach was hired to answer the development teams’ questions. It was observed that
the performance of the team was severely impacted when the coach was absent for two
weeks. It was also observed that the motivation and productivity of the remote team
increased significantly with hiring of XP coach.

In order to cope with the issues of weak infrastructure such as low bandwidth, the
bandwidth was increased [P23]. Shared common environment was provided across all the
teams. Same tools and environment were set up in all the machines in all the three regions.
The configurations were checked into a shared source control system, this helped all the
developers to have the same configuration at the start of their day.

45.3.2.3 Control

According to [P17], [P18], for encouraging and promoting the concept of shared
ownership a single build server and single shared code base should be used. A shared
source control system with collective code ownership has also been proposed for
promoting collective ownership. No empirical or contextual information has been provided
for promoting these solutions. Therefore, these solutions have not been considered reliable.

4.5.3.3Socio-cultural Distance

45.3.3.1 Communication
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In [P23], three different sites UK (main site), USA and Singapore, were involved in
the development. The UK team was the main site and they had prior experience in XP. In
order to resolve issues related to cultural differences and trust a boot camp was organized
in which developers from USA and Singapore spent time with the original team in a boot
camp type in the UK office. This helped the team members understand each other and
understand the cultural values followed in each organization. Another strategy adopted for
coping with cultural differences and lack of trust was round-the-world program. In round-
the-world program, a member from one region spent around four weeks in another region
in order to understand the norms and traditions adopted in that particular region. These
solutions can help the organizations solve the problems related to lack of trust and cultural
differences but they require large budgets on behalf of organizations. In [P2], the remote
teams sent cultural ambassadors to the central team. The cultural ambassador could speak
both the languages of the central team and the remote teams. In case of any conflict the
remote team would communicate with the ambassador and discuss the problem with him
who would further communicate with the central team. The presence of cultural
ambassador minimized the cultural issues up to a large extent because the ambassador
understood the cultural values of the remote teams.

45.3.3.2 Coordination

According to [P4], [P17], [P25], the use of wikis, issue tracking tool and version
control system has been proposed to cope the issues of transferring and maintaining tacit
knowledge. No empirical background has been provided in support of these solutions.
Therefore these solutions are considered as weak.

Table 10 provides a grouping of the identified solutions extracted from literature. The
solutions have been grouped based on the similarity between them. The corresponding
challenges have also been mapped with each solution. For a description of the
corresponding challenges see Table 6.
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Solutions — Extracted from Literature

No

ID

Description

Corresponding challenges

SLR_Com_Soll

Do not just rely on asynchronous communication and encourage
direct communication [P15]

SLR_Com_Chlgl

SLR_Com_Sol2

Integrate a quick synchronous collaboration tool to your
cooperative application [P8]

SLR_Com_Chlgl

SLR_Com_Sol3

The use of video conferencing tools [P23] [P4] [P21]

Use multiple forms of technology and communication media
[P18] [P29] [P19] [P24]

Make a daily phone conference call with the customer [P24]

SLR_Com_Chlg3

SLR_Com_Sol4

Use email list and encourage useful, quick and conclusive
responses to email [P20]

Encourage the teams to use more frequent and direct style e.g.
email, Skype etc. [P2]

SLR_Com_Chlg3

SLR_Com_Sol5

Form pairs between the remote members to improve trust and
understanding [P23]
Encourage the team members to share a related story [P23]

SLR_Com_Chlg4

SLR_Com_Sol6

Boot camp held for the developers from different sites and round
the world program [P23]

SLR_Com_Chlg6

SLR_Com_Sol7

Cultural ambassadors for the remote teams should be sent to the
central team [P2]

SLR_Com_Chlg6

SLR_Coord_Soll

Team members should adjust their working hours to have

SLR_Coord_Chlg7

8 maximum time overlap [P17]
Select sites with some overlapping time [P29]
9 ! SLR_Coord_Sol2 : Daily handover from one region to another region [P23] SLR_Coord_Chlg7
The customer role should well-defined and in case an on-site
SLR_Coord_Sol3 : customer is not available, a person on the team should play the { SLR_Coord_Chlg3
10
role of a customer and he should have complete knowledge and
authority of the system [P15] [P17] [P19] [P20]
1. Provide a shared editor where users can access and edit the
shared artifacts and where the changes are reflected in all the
1 SLR_Coord_Sol4 ! users’ editors. [P8] SLR_Coord_Chlg5
2. Model the context for synchronous collaboration and support
users in starting, joining, leaving and terminating the sessions
[P18] [P8]
12 SLR_Coord_Sol5 | Usage of a shared source control system [P13], [P17], [P19],|SLR_Coord_Chlg5
[P23]
13 SLR_Coord_Sol6 ! Higher bandwidth were provided and same configuration was:SLR_Coord_Chlg5
used on machines in all the regions [P23]
14 {SLR_Coord_Sol8 i Hire XP coaches [P2], [P17], [P23] SLR_Coord_Chlg4
15 SLR_Coord_Sol7 | Use technical and organization knowledge tools such as wikis and { SLR_Coord_Chlg8
tracking software [P4], [P17], [P25]
16 SLR_Ctrl_Sol8 | Using a single build server and single shared code-base in order to SLR_Ctrl_Chlgl

encourage share responsibility [P17], [P18]

Table 10 Solutions - Extracted from Literature
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5 SURVEY

We conducted a survey in order to understand XP practices that were adopted by
practitioners as well as their benefits and challenges. The purpose of the survey was to
understand what practice/solution did the industry practitioners adopt to cope with the
challenges. Compared to other research methods like experiments and case studies, survey
was the best suitable method for this research. Experiment was not chosen because of its
controlled nature. It is used to control and manipulate the situation precisely and directly
[40]. Similarly, we did not choose case study because it is often used to examine the way
things happen. Case studies are most often used to explore the actual context of things
[27]. The results of case studies can be generalized to a particular context on a limited
scale. It would not have allowed us to explore more about XP practices in GSD context, its
benefits and challenges. The results obtained through a case study would not have been
generalizable in a wider context.

With the help of a survey we can get more knowledge from practitioners and experts.
It provides a large number of variables for evaluation and analysis [40]. The reason for
choosing survey for this research is the fact the survey helps in understanding the opinion
of the population. It also helps in generalizing the results. The following section provides a
detailed description of the questionnaire design.

5.1 Questionnaire Design

After reviewing the literature we designed the questionnaire for the survey. The
literature review provided a foundation for conducting the survey. The main purpose of
conducting the survey was to understand which XP practices were adopted in the industry,
which benefits and challenges were found and what solutions did the organizations adopt
to cope with the challenges associated with the combination of XP and GSD. The survey
was also aimed at collecting the information about impact of XP on existing GSD
challenges. The survey was also conducted to understand whether the benefits and
challenges described in literature were realized in practice or not.

We selected SurveyGizmo (http://www.surveygizmo.com/) [41] for collecting data
from the respondents. The reason for selecting web survey was because the respondents
were located in different geographical location and it was easy for us to collect data from
them via an online platform. Another reason for choosing SurveyGizmo was that it
provides almost all the enterprise features to students for free. It also provides better
features for data analysis. As suggested [42] by the questionnaire was enclosed with cover
letter stating the purpose of the survey, time required to complete the survey and
anonymity of the information gathered. Our questionnaire consisted of the following
sections:

The demographic information was used to collect the following information:
¢ Role of the respondent
e Total experience in software projects
¢ Involvement of the respondent in XP (in months or years)
e Location of the respondent(s)

The company and project information page collect the following information:
e Name of the company

Size of the company (in number of employees)

Location of main site

Responsibility of main site

Number of distributed sites
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Location(s) of distributed site(s)
Responsibility/Responsibilities of the distributed site(s)
Number of employee(s) at each distributed site
Domain of the project(s)

Duration of the project

In the next page we collected the following information about the adopted XP
practices:
Adopted XP practices(s)
Modification (if any)
Benefits
Challenges
Solution to challenges

e The effect of challenges on the software development process

In the final page we asked close-ended questions regarding the effects of XP on the
communication, coordination and control related challenges due to geographical, socio-
cultural and temporal distances. A detailed questionnaire can be found in Appendix 8.3.

5.2 Survey Piloting

Based on the data collected from SLR we started planning and designing the survey. A
questionnaire was designed with the help of data collected from the systematic review. The
guestionnaire was initially sent to around 10 MSc Software Engineering/Computer Science
students for piloting. We received feedback from 7 students regarding different questions
in the questionnaire. Based on their recommendation and feedback we redesigned the
guestionnaire to make it easier for the respondents to answer the questions. After re-
designing the questionnaire, it was sent to the supervisor for review. The supervisor
continuously provided her comments and feedback on the questionnaire design until it was
ready for online distribution. We had continuous collaboration and communication with
the supervisor until she was satisfied with the questionnaire. Although it would have been
beneficial to conduct survey piloting with industry practitioners instead of the students but
due to lack of resources and time the piloting was restricted to students only. Only those
responses were considered for analysis in which the respondents had answered all the
questions. Figure 8 shows piloting of the questionnaire design process.

5.3 Survey Execution

After finalizing the survey we distributed the questionnaire to a pre-compiled list of
respondents. The respondents were selected based on their current/prior experience with
XP and GSD. The survey was also distributed on a Yahoo group of professional software
developers and different agile, XP and GSD groups on LinkedIn. All the questions on the
questionnaire, except the company name, were important. We did not make any question
mandatory. The reason for this was to make sure we do not lose any respondents in the
process. The respondents were humbly requested to fill in all the questions and send their
responses as soon as possible. We also requested the respondents to distribute the survey to
their contacts as well.

5.4 Sampling of Survey Population

We utilized a convenient sampling process for survey in this research [22]. The reason
for choosing this process was because most of the respondents of the survey were contacts
of the authors. These contacts were also requested to send the survey link to their
colleagues who had experience of applying XP practices in GSD projects. Besides, the
population also consisted of practitioners who had voluntarily participated in the survey.
However the authors selected the population based on their present or past experiences of
using XP in GSD projects. Hence the sample of our survey population was based on
random or convenient sampling.
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5.5 Reporting the Survey
We received a total of 63 responses to our questionnaire. We checked the responses for
validity as suggested by [40]. Incomplete responses or responses with incorrect
demographic information were discarded. The total number of completed responses were
51. The following sections describe different information gathered from questionnaire.

5.5.1 Roles of Respondents
We have identified 9 different roles from the results of the survey. Among the 51
respondents, 7 (13.7%) were project managers, 11 (21.6%) were team leads, 2 (3.9%) were
system analysts, 7 (13.7%) were system designers, 13 (25.5%) were developers, 4 (7.8%)
were testers and 7 (13.7%) were others including development manager, architect and
consultant. Table 11 shows roles and responsibilities of respondents and their percentage
in overall responses.
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Table 11 Roles and Responsibilities

S.No 1 Role No of Resbb_ﬁaéﬁ:[;" Percentage
1 Project Manager 7T 13.7 %
{2 1 Team Lead F1 T i 21.6. % ;
3 System Analyst 2 T 3.9%
4 System Designer 7T 13.7 %
5 Developer 13 T 25.5%
|6 | Tester ta | 7.8 % ;
7 others {7 7 137 %

5.5.2 Software Development Experience of Respondents
The respondents of our survey had different levels of experiences. The experience

levels have divided into four categories as shown in Table 12. Among the respondents, 7.8
% had less than one year experience, 52.9 % had experience between 1 and 5 years, 31.4
% had experience between 5 and 10 years and 7.8 % had more than 10 years of experience.

S. No

No of Respondents | Percentage
4 7.8 %
More than 1 year but less than 5 years i 27 i 52.9. % i
More than 5 Years but less than 10 years | 16 1 31.4 % !
4 7.8 %

Table 12 Experience of Software Projects

5.5.3 Involvement with XP Projects
In order to have an idea about the respondents experience with XP, we asked the
survey respondents about their experiences regarding XP. Among the respondents, 11.8 %
had been involved with XP practices for more than 6 months, 35.3 % had experience
between 6 and 12 months, 37.3 % had experience between 1 and 2 years, 7.8 % had
experience between 2 and 3 years and 7.8 % had more than 3 years of XP experience.
Table 13 shows classification of XP experience of the respondents.

Table 13 Involvement with XP

5.5.4 Locations of the Respondents
We received responses from different parts of the world. Among the 51 respondents,

10 (19.6 %) were from Sweden, 6 (11.76 %) from India, 5 (9.8 %) each from Pakistan and
USA, 4 (7.8 %) from UK and 21 (41 %) from different countries in the world. The details
of locations of respondents are given in Figure 9.

Percentage

11.8 %

35.3. %

S. No 1 Experience in XP No of Respondents
1 | 0to6 months 6 T
2 | More than 6 months but less than 1 years ' 18
i 3 | Morethan 1 Year but less than 2 years | 19 T
| 4 | More than 2 Years but less than 3 years | 4T %
5 i More than 3 years i_'4 """"""""""
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Figure 9 Geographical Location of Respondents

5.5.5 Respondents’ Organization Size
The survey respondents belonged to organizations with different sizes (in terms of
number of employees). 3.9 % of the respondents were from organizations having 1 to 10
employees, 15.7 % were from the organizations having 11 to 50 employees, 23.5 % were
from organizations having 101 to 1000 employees and 21.5 were from organizations that
had more than 1000 employees.

18

18 - 12
16 - 11
14 -

No. Of Respondents

O MO
1

1to 10 11 to 50 51to 100 101to 1000 More than
1000

Size (No. of Employees)

Figure 10 Respondents' Organization Size

5.5.6 Onshore Locations
We had multiple locations for the onshore sites of the survey. Of all 51 responses, 12
(23.5 %) organizations had their onshore sites located in the United States, 10 (19.6 %)
were located in Sweden, 9 (17.6 %) were located in the United Kingdom, 6 (11.7 %) were
located in India and 15 (29 %) were located in different parts of the world. Detail on the
onsite locations is given in Figure 11.
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Figure 11 Onshore Locations
5.5.7 Offshore Locations

From the survey 76 offshore locations have been collected. 18 (23 %) were in India,
13 (17 %) were in China, 11 (14.5 %) were in Pakistan, 7 (9.2 %) were in Brazil, 5 (6.6 %)
were in Ireland and 22 (29 %) were in different countries in the world. Detail of offshore

locations and their occurrences have been given in Figure 12.
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Figure 12 Offshore Locations
5.5.8 Project Domains

The respondents of the survey had been involved in different kinds of projects. 31.5 %
of the projects were related to telecommunication, 17.9 % were related to finance, 16.8 %
were commercial projects, 15.8 % were web projects and 17.9 % were related to other

domains. Figure 13 provides a detail of the domains of the projects.
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Figure 13 Project Domain

5.5.9 XP Practices Adopted
We asked the survey respondents about XP practices adopted in their projects.
Adopted XP practices and their frequencies have been given in Figure 14. The frequency
of the XP practices adopted has been more or less the same. Small releases have been
mentioned most with 35 occurrences and 40-hour week is the least mentioned practice
with 10 occurrences.
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Figure 14 XP Practices Adopted

5.5.10 Identified Benefits and Challenges

We have identified different benefits and challenges associated with the application of
XP in GSD from the survey. The benefits and challenges are identified in relation to
different XP practices. We have also explored during the survey how each practice had
been adopted in particular organizational setting. The solution or strategy adopted to cope
with each of these challenges has also been identified. A similar pattern has been followed
for the classification of benefits and challenges extracted from survey. Grouping and
classification of the reported benefits and challenges has been presented in Table 14 &
Table 15. The benefits have mainly been classified into three categories, i.e.
communication, coordination and general.
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Benefits — Extracted from Survey

No

ID

Description

SUR_Com_Benl

Despite temporal distance team members efficiently communicated

Despite geographical distance the application of XP practices helped in improving

2 {SUR_Com_Ben2 communication between the remote teams

3 |SUR_Com_Ben3 % ;?lgrgﬁzgirt;;ztdatzgéorzisr:\%r;gn:g r::%rtﬁr?wrﬂﬁlicate with remote team members

4 {SUR_Com_Ben4 Increased informal communication

5 ISUR Com_Bens (Ijril;:traerz]igzd mutual understanding and trust between team members and reduced socio-cultural
6 {SUR_Coord_Benl {lIn case of reduced time overlap the coordination between teams improves

7 ISUR_Coord Ben2 % hlfﬂaaklf:stpheesggzﬁ?gi ﬁzﬂgsr:aesnig Process transparent and visible

8 {SUR_Coord_Ben3 {Continuous integration helps in following the progress on the project

9 {SUR_Coord Ben4 iCustomer satisfaction and earlier client feedback

10 SUR_Coord_Ben5 :Some XP practices such as pair programming improves and eases knowledge transfer
11 {SUR_Coord_Ben6 {Helps in understanding the way of working in different sites

12 {SUR_Coord_Ben7 |{Increased team motivation and satisfaction resulting in improved coordination

13 {SUR_Coord_Ben8 iImproved social and technical relationship among the team members

14 SUR_Gen_Benl Helps in understanding, managing and analyzing the requirements

15 {SUR_Gen_Ben2 Improved quality, increased productivity and quick product development

16 {SUR_Gen_Ben3 Helps in understanding and removing problems at an early stage

17 {SUR_Gen_Ben4 Increased code readability and maintainability

18 SUR_Gen_Ben5 Reduced tasks’ complexity

Table 14 Benefits - Extracted from Survey

The challenges have been grouped according to communication, coordination, control
and general category. Like the results of SLR, survey also has some contradictory benefits
and challenges but these challenges also come from multiple sources.
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Challenges — Extracted from Survey

No

ID

Description

SUR_Com_Chlgl

Little or no time overlap made it difficult for the team members to communicate

Dependency on asynchronous communication due to temporal distance made informal

2 |SUR_Com_Chig2 communication for the teams difficult
3 ISUR_Com_Chlg3 Delayed feedback on artifacts being developed
4 iSUR Com Chiga 1. Lack of frequent informal face-_to-fgce communication
2. Reduced frequency of communication
5 SUR_Com_Chlg5 :Reduced communication quality
6 ISUR_Com_Chlg6 Cultural and language differences caused a decrease in trust among remote team members
7 |SUR_Coord_Chlgl ;’gam members found difficult to coordinate efficiently and effectively due to increased temporal
istance
8 |SUR_Coord_Chlg2 iLack of coordination due to geographical distance results in conflicting work
9 {SUR_Coord_Chlg3 | Absence of on-site customer negatively impacts coordination
1. Lack of configuration management tools and version control systems
10 {SUR_Coord_Chlg4 i2. Difficulty in editing shared data simultaneously
3. Difficulty in change management
11 {SUR_Coord_Chlg5 iDecreased productivity caused by geographical distance
12 {SUR_Coord_Chlg6 {Lack of experience of XP
1. Lack of accessibility of information
13 {SUR_Coord_Chlg7 i2. Geographical distances and socio-cultural differences makes it difficult to transfer and maintain
organizational knowledge
14 {SUR_Coord_Chlg8 {Lack of understanding of the ways of work of others
15 |SUR_Ctrl_Chlgl |Difficulty in integrating remotely developed components
16 {SUR_Ctrl_Chig? 1. Difficulty in managing and organizing project artifacts
2. Lack of project management activities
17 {SUR_Gen_Chlgl iLack of confidence due to language difference or little experience
18 ISUR_Gen_Chlg2 |Degraded performance and wastage of time explaining problems
19 {SUR_Gen_Chlg3 iIncreased time consumption

Table 15 Challenges - Extracted from Survey

5.5.10.1Temporal Distance

The introduction of XP has both positively and negatively impacted different
important factors such as communication, coordination and control. From the survey we
have found out that introduction of XP has helped in coping with some of the traditional
challenges of GSD. In other situations the traditional challenges of GSD were not impacted
by the introduction of XP. In the following sub sections we are describing how the
introduction of XP impacted temporal communication and coordination.

5.5.10.1.1 Communication

The use of certain XP practices such as short releases and continuous integration
helped the team members improve communication quality. Despite being in different time
zone these practices helped the team members communicated efficiently. The short
releases practice helps in getting immediate feedback on certain artifacts.
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On the other hand the respondents have reported certain challenges related to temporal
coordination. Due to limited time overlap it was difficult to use practices such as pair
programming. The lack of overlapping time reduced communication between team
members and reduced productivity and performance as a result. Communication and
particularly informal communication is one of the most important factors for
implementation of XP practices, but in GSD the teams are mostly dependent upon
asynchronous tools which make informal communication between team members difficult.
According to our survey respondents too much dependency on asynchronous
communication tools made difficult for the team members to informally communicate with
each other regarding different issues related to the product being developed. Due to little
time overlap and increased temporal distance it was very difficult for the developers in the
offshore teams to receive immediate and quick feedback on the artifacts being developed.

5.5.10.1.2 Coordination

Achieving efficient coordination is very difficult in GSD particularly when the teams
are separated by temporal distance. From our survey we have got a rather conflicting
benefit and challenge regarding temporal coordination. According some of our survey
respondents, lack of overlapping working hours did not affect coordination between team
members. But the reason for this was that they were following the “follow the sun”
strategy which helped them efficiently coordinate with the remote team members. But in
situation where the teams are not following this strategy it has resulted in lack of
coordination between team members and it often caused conflicts.

5.5.10.2Geographical Distance

Due to the fact that teams do not work under one roof in GSD, geographical distance is
one of the main reasons behind many challenges related to communication, coordination
and control. The introduction of XP to GSD has both benefited and brought some
challenging factors to GSD. The following sections present an overview of benefits and
challenges in GSD brought by the introduction of XP.

5.5.10.2.1 Communication

According to the respondents of our survey, despite being in different geographical
locations, the introduction of XP helped the team members in improving communication.
The use of practices such as planning game, continuous integration, testing and small
releases helped the team members in improving communication. The use of practices such
as collective ownership, pair programming and continuous integration helped the teams in
getting trust and cohesion. Applying these practices encouraged the team members to
efficiently and effectively communicate with the remote team members.

Beside these benefits, the organizations also faced challenges while applying XP
practices in their GSD projects. Lack of frequent informal face-to-face communication
caused problems in following XP practices of on-site customer. The teams applying on-site
customers were affected by both the geographical distance and lack of face-to-face
communication. Reduction in communication quality has also been reported by some of
the survey respondents. One of the most important requirements of XP is frequent informal
communication. The frequency of communication reduced up to a large extent after XP
was applied in GSD settings, which affected the whole idea of successfully implementing
XP practices in a distributed context.

5.5.10.2.2 Coordination

With limited or no face-to-face interaction among distributed teams, collaboration and
coordination becomes important. From our survey respondents we have got both benefits
and challenges regarding the application of XP in their distributed projects. The use of on-
site customer, small releases, continuous integration and pair programming make the
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software development process transparent and visible to each team member. The use of
these practices also helps in taking very important decision easily in such a way that team
members coordination improves with it. The use of on-site customer helps in getting rapid
feedback from the customer and results in customer satisfaction. As a result of this team
performance improves and a sense of trust arises among the team members.

Geographical distance also negatively affects the coordination between teams.
According to our survey respondents, lack of coordination caused by geographical distance
resulted in conflicting work between XP teams. Availability of on-site customer is one of
the most important factors for successfully implementing an XP project. In on-site
customer, the customer is always available to the development teams for clearing issues
and providing all kind of information inquired by the developer. On-site customer is also
useful in clearing ambiguous requirements. But in GSD it is often very difficult to have an
on-site customer, which makes it very difficult for the development teams to effectively
collaborate on a particular artifact. Unavailability of configuration management tools and
version control systems also negatively affected coordination between the team members.
Editing shared data at the same time was also a problem for teams working on the same
artifact. Some respondents also reported that the lack of experience among team members
also affected coordination among team members. Being in a geographically different place
makes it very difficult for the development teams to coordinate effectively and keep track
of all the changes made.

5.5.10.2.3 Control

Managing and integrating project artifacts are more difficult in GSD. The use of XP
also makes it difficult for the project team to manage and integrate project items. The basic
idea and purpose of XP is to concentrate on development rather than management of the
project. According to the survey respondents it was difficult for the teams to integrate the
remotely developed components. Besides, the lack of project management activities and
tools in XP made it difficult for the teams to manage different project artifacts.

5.5.10.3Socio-cultural

In GSD team members often belong to different cultural backgrounds. This cultural
diversity often results in trust and good relationships among team members and as result
improves productivity and performance of team members and helps team members
understand each other’s cultural background and ways of working. The socio-culture
diversity sometimes adds to the challenges of a GSD teams. In the following subsections
we have presented different benefits and challenges introduced by applying XP practices in
GSD.

5.5.10.3.1 Communication

The introduction of XP has both positively and negatively impacted socio-cultural
communication among GSD team. On the one hand, after the application of XP, increased
informal communications between team members resulted in mutual understanding and
trust among them and reduced the socio-cultural distance between the teams. On the other
hand, since GSD teams are from different cultures, cultural and language differences
reduced trust among team members.

5.5.10.3.2 Coordination

In GSD, the use of XP practices improves coordination among team members. From
our survey we got the idea that the use of pair programming in GSD helps teams and
particularly components of the pairs to improve coordination and knowledge transfer. The
use of XP practices in the distributed teams helped the team members understand the way
of working of other team members. The use of practices like shared ownership, short
releases and continuous integration motivated team members and resulted in increased
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coordination. The use of XP practices also resulted in an improved social and technical
relationships among team members.

Beside these benefits the XP-GSD teams also faced some challenges in regards to
sociocultural-coordination. Lack of trust and cultural differences among the team members
resulted in lack of accessibility of important information which made difficult for the
teams to develop certain artifacts. Due to lack of sociocultural coordination transfer and
maintenance of organizational knowledge also becomes difficult in XP-GSD teams. It is
often difficult for other team members to understand the ways of working of the remote
team members.

5.5.10.4General Benefits and Challenges

Other than these dimension of GSD, the introduction of XP has also brought some
benefits and challenges to software development practices in GSD. Being an agile
development methodology, the use of XP helps team members in understanding, managing
and analyzing the requirements easily as compared to traditional methodologies. The
reason for this is that in XP the duration of artifact and deliverables is limited and the
product is normally developed and released in the form of small artifacts. XP also helps in
improving the quality of the product and increases productivity of the team. The agile
nature of XP helps in understanding and removing problems and errors earlier on in the
project. Client satisfaction is easily achieved because the developing organization has to
communicate with the client regarding the unclear and ambiguous requirements. The use
of XP also improves program visibility, reduces complexity and improves code readability
and maintainability.

Beside these benefits we have also got some challenging factors regarding the
application of XP in GSD context. Language difference and little or no experience of XP
can result in lack of confidence of team members. Since, in case of XP product artifacts are
developed in small pieces, it becomes difficult for the organizations to organize product
artifacts. Due to the fact the team members cannot communicate frequently, it becomes
difficult for the team members to understand problems through emails and chat.
Explanation of the problems also becomes difficult which makes things difficult on both
the onshore and offshore sites. These kinds of mishaps also result in increased time
consumption.

The benefits and challenges have also been classified by following the classification
pattern followed in [14] [39]. The reason for classifying the challenges according to this
pattern is because these challenges are mostly identical to the challenges reported in [14].
Following the same pattern however can also help to specify most of the benefits. Table
16 and Table 17 shows the classification of identified challenges in relationship to
communication, coordination and control as classified in [14].
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Classification of Benefits — Extracted from Survey

Temporal

Geographical

Socio-Cultural

Communication

SUR_Com_Benl

SUR_Com_Ben2

SUR_Com_Ben3

SUR_Com_Ben4

SUR_Com_Ben4

SUR_Com_Ben4

SUR_Com_Ben5

Coordination

SUR_Coord_Benl

SUR_Coord_Ben2

SUR_Coord Ben4

SUR_Coord_Ben3

SUR_Coord_Ben5

SUR_Coord_Ben4

SUR_Coord_Ben7

SUR_Coord_Ben5

SUR_Coord_Ben8

SUR_Coord_Ben6

SUR_Coord_Ben7

Control

?

?

Table 16 Classification of Benefits — Extracted from Survey

Classification of Challenges — Extracted from Survey

Temporal

Geographical

Socio-Cultural

SUR_Com_Chlgl

SUR_Com_Chlg3

SUR_Com_Chlgé

SUR_Com_Chlg2

SUR_Com_Chlg4

SUR_Com_Chlg5

SUR_Com_Chlg3

SUR_Com_Chlg5

SUR_Com_Chig6

Communication

SUR_Com_Chlg4

SUR_Com_Chlg5

SUR_Coord_Chlgl

SUR_Coord_Chlg2

SUR_Coord_Chlg4

SUR_Coord_Chlg4

SUR_Coord_Chlg3

SUR_Coord_Chlgé

SUR_Coord_Chlgé

SUR_Coord_Chlg4

SUR_Coord_Chlg7

Coordination

SUR_Coord_Chlg5

SUR_Coord_Chlg8

SUR_Coord_Chlg6

SUR_Gen_Chlgl

SUR_Coord_Chlg7

Control

SUR_Ctrl_Chigl

SUR_Ctrl_Chigl

SUR_Ctrl_Chlg2

SUR_Ctrl_Chlg2

Table 17 Classification of Challenges — Extracted from Survey

5.5.11 Severity of Challenges
In order to classify the identified challenges by severity we have used numerical
assignment [49]. The challenges faced by the practitioners most frequently and were
affecting the software development practices at their organizations and were also affecting
the core values of XP, had high severity. While the challenges reported by the practitioners
a few times and were affecting the software development practices and the core values of
XP to an extent that could easily be mitigated had medium severity. On the other hand
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challenges having little or no impact on the software development practices and core
values of XP were low severity challenges.

Lack of frequent informal communication is one of the most reported challenges faced
by the practitioners while applying XP practices in their globally distributed software
development environment. Communication is one of the core values of XP [9] and is one
of most important and challenging factors in GSD [14]. According to our survey
respondents, lack of frequent informal communication was affected temporal, geographical
and socio-cultural distances. As a result of lack of informal communication the
development teams found it difficult to proceed on specific artifact. Lack of informal
communication also affected other core values of XP such feedback and courage. It was
difficult for the customers to provide a prompt response or feedback about any enquiry
regarding requirements or a developed artifact. Therefore, lack of frequent informal
communication was reportedly one of the most important and challenging factor affecting
XP processes in geographically distributed software development organizations.

Socio-cultural diversity or in other words language and cultural differences are two
most important factors affecting software development practices in geographically
distributed teams [14]. Socio-cultural diversity among teams resulted in lack of trust which
affected the application XP practices. Lack of trust among the teams resulted in lack of
communication, reduced feedback and courage and made things complicated. Similarly
unavailability of on-site customer made it difficult for the development teams to proceed
on the project. On-site customer is an important XP practice. In on-site customer the
customer has to be available on-site to the development team for requirement elicitation,
clarification and prioritization [9]. In on-site customer, the customer immediately provides
feedback on artifacts and any ambiguity related to requirements. But in most of the
organizations due to geographical distance and budget constraints it was difficult to have
the customer on-site. Temporal and socio-cultural distances made it difficult for the
development teams to communicate with the customer. The unavailability of on-site
customer also made it difficult for the development teams to have immediate feedback on
the developed artifacts. Practitioners have frequently reported lack of version control
system and configuration management tools. Organizations who adopted XP practices
such as short releases, continuous integration and pair programming faced challenges due
to unavailability of suitable tools for configuration management and version control
system. According to practitioners organizations faced challenges editing shared data
simultaneously. Unavailability of proper supporting tools resulted in conflicting work as
well. Also a lack of coordination was seen among components of pairs. Organizations also
found it difficult integrate remotely developed components.

Beside these challenges practitioners have also reported some challenges which were
either easy to mitigate or these challenges had little impact on core values of XP. Some
practitioners have reported that lack of experience and language differences resulted in
lack of confidence and courage among team members. Lack of project management
activities is also an important challenge of XP. The reason for this is that XP is more a
development process than project management process. Lack of project management is an
important issue and practitioners dealt with by using some well know project management
tools. Some organizations have dealt with the issue of project management by combining
scrum with XP.

The challenges having low severity have not been discussed too frequently by the
practitioners and most of the issues were typical challenges related to temporal,
geographical and socio-cultural distances. Some practitioners have said that distance
reduced the performance of the team because it was difficult for the teams to explain issues
and problems. Similarly increased time consumption, lack of understanding of the ways
other people work and lack of accessibility of information were also caused by distance.
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Beside these challenges increased temporal, geographical and socio-cultural distance made
it difficult for the teams to coordinate efficiently, reduced productivity of the teams and
made knowledge transfer difficult.

Severity of Challenges — Extracted from Survey
No High Medium Low
1 |SUR_Com_Chlgl SUR_Coord_Chlg2 SUR_Coord_Chlg4.3
2 {SUR_Com_Chlg2 SUR_Coord_Chlg6é SUR_Coord_Chlg5
3 |SUR_Com_Chig3 SUR_Citrl_Chlg2 SUR_Coord_Chlg7
4 ISUR_Com_Chlg4 SUR_Gen_Chigl SUR_Coord_Chlg8
5 {SUR_Com_Chlg5 SUR_Gen_Chlg2
6 {SUR_Com_Chlg6 SUR_Gen_Chlg3
7 {SUR_Coord_Chlg3
8 {SUR_Coord Chlg4.1
9 {SUR_Coord Chlg4.2
10 {SUR_Ctrl_Chlg1

Table 18 Severity of Challenges — Extracted from Survey

5.5.12 Solutions/Practices Adopted to Cope with the Challenges
From our survey we got a list of practices adopted by different organizations to cope
with the challenges discussed in the previous section. The following sections explain how
different organizations coped with the challenges associated with XP-GSD projects.

5.5.12.1Temporal Distance

5.5.12.1.1 Communication

From our survey respondents we got different solutions/practices adopted to cope with
the challenges associated with temporal communication. If the sites are located in different
time zones, a communication delay can always happen. In order to cope with this situation
some organizations increased overlapping of working hours by shifting the working hours.
This increase in the number of overlapping hours resulted in more day time available to the
development teams for communication. Adjustment of working hours can also improve
coordination between teams. Another problem with temporal distance is that teams most
often depend upon asynchronous communication. According to our survey respondents
some of them used a direct communication medium such as phone or video conferencing
for doing a more informal communication. Temporal distance also caused teams to wait
for feedback from the customer or onshore teams. A possible solution to this situation
could be encouraging the other party to provide immediate feedback on the developed
artifacts. Some of the offshore development teams could cope with the problem of delayed
communication by adopting this practice. But in order to encourage direct communication
and feedback from the offshore team or the customer there should be understanding and
commitment between all the stakeholders involved.

5.5.12.2Geographical Distance

5.5.12.2.1 Communication

Geographical distance is one of the major factors affecting communication between
the distributed teams. We have investigated several challenges related to communication
from our survey respondents. The separation of teams by geographical distance can
negatively affect communication between distributed teams in GSD. The problems
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between the teams occur due to lack of informal communication. A solution to this
problem could be the use of video conferencing tools. Successful use of some video
conferencing tools such as Adobe Connect and Skype has been reported by some of the
organizations to cope with the issues of informal face-to-face communication. Since in
GSD, teams do not often meet due to geographical distance they depend mostly on formal
communication tools. Due to these factors the quality of communication between the
teams reduces. Communication quality can be improved by using multiple forms of
communication media and tools. The frequent use of communication media such as Skype,
phone and email can improve the quality of communication between geographically
separated teams. Frequency of communication also decreases when the teams are separated
by geographical boundaries. The reason is that teams have to depend on formal
communication media. In order to increase the frequency of communication between the
team members they have to be encouraged to send quick and conclusive messages to the
teams across boundaries.

5.5.12.2.2 Coordination

In order to cope with the issues of conflicting work the project managers should
provide the organization with such project management tools where the team members are
aware of each other activities. It should be clear to all team members about who is working
on which artifact, module or document. The tools should have the capability to work as a
repository for storing different project artifacts. Some of these tools are AccuRev,
TortoiseSVN and ClearCase. On-site customer is one of the most important XP practices
which require the customer to be on-site with the development. But in GSD the availability
of on-site customer becomes difficult. The absence of on-site customer from the
development site makes it difficult for the development team to coordinate effectively with
the customer. The best solution to cope with the absence of on-site customer is to have
someone with complete domain knowledge and authority over the system at the offshore
site. From our survey respondents project team lead or a senior team member has played
the role of an on-site customer on a number project. Another solution proposed is that the
customer should always be available online for a video conferencing meeting if not in
person. For version control system TortoiseSVN, Subversion and GIT could be used.
Some organization faced the problem of inexperienced team members. In organizations
where there are a limited number of inexperienced team members, each inexperienced
team member can be paired with an experienced team member. If majority of the team
members do not have experience in XP, then the organization need to invest in training the
staff and XP coaches should be hired to train team members. Change management process
should be properly and clearly defined in order to cope with the issues of changes
management.

5.5.12.2.3 Control

Integrating remotely developed components to the system could cause problems if the
teams are not geographical close to each other. In order to cope with these issues, identify
the problems associated with integration and synchronization tools to integrate remotely
developed components. In case of having problems with managing different project
artifacts, the status of each artifact of the project should be updated regularly. In this way it
would be easier for all the team members to follow the whole development process.

5.5.12.3Socio-Cultural Distance

5.5.12.3.1 Communication

Socio-cultural diversity cause different problems in GSD context and makes
communication between team members difficult. It also gives rise to lack of trust among
team members. In order to cope with the issues of socio-cultural differences, the senior
staff members (project managers and team leads) should pay visit to each other site. This
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way they will have an idea of each other organizational culture and they will not have
problems communicating with the other team. To cope with the issues of language
differences a project manager or team lead (who can speak and understand the languages
of both the teams), should bridge the gap between both the teams.

5.5.12.3.2 Coordination

Socio-cultural differences also result in coordination issues among team members. Due
to socio-cultural differences, organizations sometimes do not share necessary information
which results in lack of coordination between team members. In order to cope with the
issue of lack of information sharing, organizations need to make sure that everyone in the
team has access to all the required information. All the required information should be
stored in a central repository and should be accessible to every person who needs it. In
order to cope with the issues of knowledge sharing different knowledge management tools
such as wikis or word press should be used. Sometimes misunderstandings and
coordination issues arise due to the team members not understanding the ways of working
of the remote team members. A possible solution for this situation could be helping and
training the remote teams in understanding and evaluating the capabilities and ways of
working of other team members.

5.5.12.4Solutions for General Challenges

Sometime too much time is wasted in explaining issues and problems related to certain
product artifacts. The reason for this is either lack of experience or the development team
does not understanding the way a problem is described. Training the staff and providing
cultural ambassador to the teams who can bridge the gap between both the teams can solve
these issues. Lack of project management is one of the most important challenging factors
associated with the application of XP, because XP emphasizes more on development rather
than documentation or project management. In order to cope with the issues related to
project management, globally available project management tools should be used. The
organizations can also take advantage of scrum for solving the project management
problems in XP. Table 19 shows a grouping and classification of the identified solutions
according to particular challenges as extracted from survey.
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Solutions — Extracted from Survey

No ID Description Corresponding Challenge
1 |SUR Com_Soll Isrr:i?tredder to have some overlapping of time working hours should be SUR_Com_Chigl
2 ISUR_Com Sol2 Instead (_Jf r_elylng on asynchronous communication, start direct SUR_Com_Chig?
communication when needed

3 {SUR_Com_Sol3 Encourage the other party to give direct feedback when necessary {SUR_Com_Chig3

4 |SUR Com Sold Use video conferenu_ng t_ools as an alternative to frequent informal SUR_Com_Chlga.1
face-to-face communication

5 ISUR_Com Sol5 Encourage _ and promote useful, quick and conclusive SUR_Com_Chlg4.2
communication
In order to improve communication quality use multiple forms of

6 |SUR_Com_Sol6 technology and communication media SUR_Com_Chig5
For cultural differences make senior team members to visit each

7 {SUR_Com_Sol7 {other and appoint a senior team members to bridge the language{SUR_Com_Chlg6
gap between the two teams

8 SUR_Coord Soll Provide such an environment to the teams where all the developers SUR_Coord_Chlg2

are aware of other activities

In case on-site customer is not available, a team member having

9 ISUR_Coord_Sol2 ifull domain knowledge and authority over the system should play{SUR_Coord_Chlg3
the role of the customer

10 {SUR_Coord_Sol3 {Use a shared version control system SUR_Coord_Chlg4.1

11 |SUR Coord_Sol4 Invest in training the staff and hire XP coaches to train team SUR_Coord_Chlg6
members

12 {SUR_Coord_Sol5 {The change management process should be properly defined SUR_Coord_Chlg4.3

13 ISUR_Coord_Sol6 Make sure that every team member have equal access to SUR_Coord_Chlg7.1
information

14 |SUR_Coord_Sol7 Use d_lffe_rent knowledge sharing tools for sharing and maintaining SUR_Coord_Chlg7.2
organizational knowledge

15 SUR_Coord_Sol8 Make sure_that remote team members evaluate the capability of SUR_Coord_Chig8
each of their corresponding team members

16 [SUR Ctrl_Sol1 Identlfy_problems related to integration before they occur and use SUR_Ctrl_Chlgl
tools to integrate and synchronize remotely developed components

17 ISUR_Ctrl_Sol2 Update status of each of artifact of the project on regular basis SUR_Ctrl_Chig2.1

18 ISUR_Ctrl_Sol3 Use globally available project management tools SUR_Ctrl_Chlg2.2

19 |SUR Gen_Soll Invest time and money in training the team and provide them with SUR_Gen_Chig?

a culture ambassador

Table 19 Solutions — Extracted from Survey
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6 DISCUSSION

6.1 Comparative Analysis

Qualitative comparative analysis is concerned with the increasing knowledge and
understanding of substantive area [24]. We conducted comparative analysis for improving
and increasing our understanding and knowledge regarding the applicability of XP in
GSD. The main purpose of conducting comparative analysis was to find out similarities
and differences between the evidence found in literature and in the industrial practice [48].
Finding out similarities and differences between the evidence found in literature and
industry was one of main objectives of the study.

In order to conduct comparative analysis in this research study, we first listed applied
XP, their benefits, challenges and the practices adopted to cope with the challenges from
both literature and industrial survey and then compared both with each other. In this way,
we were able to find any similarities and differences between what is reported in the state
of the art and what is actually practiced.

6.1.1 Similarities and differences between state-of-the-art and state-of-practice
After completing and reporting the systematic review and survey we found out
differences between the evidence found in literature and practice. Some of the benefits and
challenges reported in literature were also identified in practices as well. In addition to the
benefits and challenges reported in literature, some other benefits and challenges were
identified in industrial survey.

Figure 14 presents a comparison of benefits found in systematic review and industrial
survey. We found 28 and 20 benefits of using XP in GSD, from SLR and industrial survey
respectively. Among the reported benefits 15 were reported in both SLR and survey. We
found 13 and 5 unique benefits of applying XP in GSD from SLR and survey respectively.
Some important unique benefits from SLR are, reduction in communication delay,
increased customer feedback and decreased development time.

SLRE SURVEY

Figure 15 Benefits Reported by SLR and Survey
On the other hand we have found five unique and important benefits of using XP in

GSD. Some important and unique benefits reported in survey are improved communication
despite temporal distance, easier decision making and process transparency, increased
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team motivation and satisfaction and improved social and technical relationship between
team members.

Similarly we have found 23 and 25 challenges of applying XP in GSD from SLR and
survey respectively. Among these 14 challenges had been reported by both SLR and
Survey. SLR had reported 9 unique challenges associated with the combination of XP and
GSD. Among these 9 challenges, lack of trust, reduced productivity, weak technical
infrastructure and difficulty in accepting shared ownership were most reported and
important challenges. On the other hand survey had 11 unique challenges. Among the 11
unique challenges, delayed feedback, reduced communication quality and frequency,
difficulty in integrating remotely developed components, difficulty in organizing and
integrating product artifacts and lack of project management activities are frequently
reported by the practitioners. Figure 15 shows similarities and differences between the
challenges reported in SLR and survey.

SLR SURVEY

Figure 16 Challenges Reported by SLR and Survey

SLR and industrial survey had reported a total of 22 and 19 solutions/practices adopted
to cope with the reported challenges respectively. Among these solutions 10 were reported
by both SLR and survey.

SLR had reported 12 and survey reported 9 unique solutions to the reported
challenges. Among the 12 unique solutions by SLR, the most important solutions are,
encourage the teams to use a more frequent and direct communication style, make daily
phone conference call, use a single build server and single shared code-base in order to
encourage shared responsibility and use knowledge sharing tools such as wikis for
transferring and maintaining organizational knowledge.

Among the solutions reported by survey, encourage team members to give direct

feedback when needed, regularly update status of each project artifact, provide information
access to every team member and use globally available project management tools.
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SLR SURVEY

10 8 0

Figure 17 Solutions Reported by SLR and Survey

6.2 Overview of the Evidence found in Literature and Survey
This section presents a brief overview of the evidence found in literature and survey.
We have briefly described the benefits, challenges and solutions to the challenges
extracted from both literature and survey.

6.2.1 Overview of Benefits Extracted from both Literature and Survey
From the data collected from SLR and Survey we have found that most of the benefits
of XP in GSD projects have been reported by both the industry and academia. We have
found that most of the benefits related to communication and quality are commonly
described in both the literature and survey.

All the unique benefits extracted from the survey are related to coordination. Whereas
the reported benefits extracted from literature are related to multiple factors such as
communication, coordination, productivity and cost. The reduction of cost in XP-GSD
projects has been reported only in literature.

Table 20 presents an overview of the benefits extracted from both literature review

and survey. Details of the benefits extracted from both literature and survey could be found
in Table 5 and Table 14 respectively.
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Overview of Benefits — Extracted from both Literature and Survey
No SLR Common Survey
1 SLR_Com_Benl.2 SLR_Com_Benl.1 SUR_Coord_Benl
2 {SLR_Com_Ben4 SLR_Com_Ben2 SUR_Coord_Ben3
3 SLR_Coord_Benl SLR_Com_Ben3 SUR_Coord_Ben4
4 {SLR_Coord_Ben2 SLR_Com_Ben5 SUR_Coord_Ben6
5 SLR_Coord_Ben4 SLR_Com_Ben6 SUR_Coord_Ben7
6 |{SLR_Pr_Ben2 SLR_Coord_Ben3 SUR_Coord_Ben8
7 |SLR_Pr_Ben3 SLR_Coord_Ben5
8 SLR_Cost_Ben6 SLR_Pr_Benl
9 SLR_Pr_Ben4
10 SLR_QIlty_Ben2
11 SLR_QIty_Ben3
12 SLR_QIty_Ben4
13 SLR_QIlty_Ben5

Table 20 Overview of Benefits Extracted from both Literature and Survey

6.2.2 Overview of Challenges Extracted from both Literature and Survey

A slightly different pattern has been followed in the challenges related to XP-GSD
projects in both literature and survey. Most of the challenges that are commonly reported
in both literature and survey are related to communication and coordination. Challenges
related to control are different in both literature and survey. Challenges related to general
category have only been discussed in survey. Most of the challenges which are general in
nature and not specific to communication, coordination and control, are mostly relevant to
productivity and quality. Table 21 provides an overview of the challenges reported in both
literature and survey. Details of challenges reported in literature and survey can be found

in Table 6 & 15 respectively.

Overview of Challenges — Extracted from both Literature and Survey
No SLR Common Survey
1 {SLR_Com_Chig2 SLR_Com_Chlgl SUR_Com_Chlgl
2 {SLR_Com_Chlg4 SLR_Com_Chlg3 SUR_Com_Chig3
3 {SLR_Com_Chlg5 SLR_Com_Chlg6 SUR_Com_Chlg4.2
4 {SLR_Coord Chlgl SLR_Coord_Chlg2 SUR_Com_Chlg5
5 |SLR_Coord_Chlg7 SLR_Coord_Chlg3 SUR_Coord_Chlgl
6 {SLR_Ctrl_Chlgl SLR_Coord_Chlg4 SUR_Coord_Chlg8
7 {SLR_Ctrl_Chlg2 SLR_Coord_Chlg5 SUR_Ctrl_Chlgl
8 |SLR_Ctrl_Chlg3 SLR_Coord_Chlg6 SUR_Ctrl_Chlg2
9 SLR_Coord_Chlg8 SUR_Gen_Chigl
10 SUR_Gen_Chlg2
11 SUR_Gen_Chlg3

Table 21 Overview of Challenges — Extracted from both Literature and Survey
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6.2.3 Overview of Solutions Extracted from both Literature and Survey

In order to cope with the challenges of XP in GSD combination different solutions
have been proposed and reported in both literature and by survey participants. Some
solutions proposed are common between SLR and survey while others are unique. Some
challenges commonly reported by both SLR and survey have a common solution as well.
The solutions common between both SLR and survey are only relevant to some
communication and coordination issues. The rest of the solutions for the issues of
communication, coordination and control are not common between literature and survey.
Table 22 provides an overview of the solutions reported in both literature and survey.
Details of solutions in correspondence with their relevant challenges reported in both
literature and survey can be found in Table 10 and 19 respectively.

Overview of Solutions — Extracted from both Literature and Survey
No SLR Common Survey
1 {SLR_Com_Sol2 SLR_Com_Soll SUR_Com_Sol3
2 {SLR_Com_Sol3.3 SLR_Com_Sol3.1-3.2 SUR_Com_Sol7
3 {SLR_Com_Sol4.2 SLR_Com_Sol7 SUR_Coord_Soll
4 {SLR_Com_Sol5 SLR_Coord_Sol1.1 SUR_Coord_Sol5
5 {SLR_Com_Sol6 SLR_Coord_Sol3 SUR_Coord_Sol6
6 SLR Coord_Soll1.2 SLR_Coord_Sol5 SUR_Coord_Sol7
7 {SLR_Coord Sol2 SLR_Coord_Sol8 SUR_Ctrl_Soll
8 {SLR_Coord_Sol4 SLR_Coord_Sol7 SUR_Ctrl_Sol2
9 {SLR_Coord_Sol6 SUR_Ctrl_Sol3
10 [SLR_Ctrl_Sol8

Table 22 Overview of Solutions — Extracted from both Literature and Survey

6.3 Impact of XP on GSD

From SLR and survey it is obvious that XP affects GSD both positively and
negatively. The introduction of XP brings with itself a number of benefits as well as
challenges. Although the introduction of XP helps in coping with existing challenges of
GSD it also adds to those challenges. In the following sections we have discussed the
challenges which are common between XP and GSD. These challenges were both
investigated in our research and had been previously reported in GSD literature. The
subsequent section explains how these challenges can be alleviated with the help of XP.

6.3.1 Identified challenges which already exist in GSD

From SLR and survey we have found a total of 48 challenges in relationship to the
application of XP in GSD. Among these 4 challenges did not have any relationship to
traditional GSD challenges reported by [14]. These challenges appeared only due to the
introduction of XP. Among the remaining 44 challenges 14 challenges were common.
Therefore, we had a total of 30 unique challenges related to XP-GSD combination. Since
distance is the most important factor in GSD, we classified all the challenges from SLR
and survey on basis of temporal, geographical and socio-cultural distances [39]. By
analyzing these challenges we found out that these challenges already existed in GSD and
that they were mostly caused by temporal, geographical and socio-cultural distances and
were affecting communication, coordination and control among the geographically
distributed teams.

Table 42 consists of challenges common between XP and GSD. These challenges are
extracted from both SLR and survey. The table consists of a total of 30 challenges. 23 of
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these challenges come from SLR and 11 from survey. The challenges reported by both
SLR and survey were merged together. Despite the fact that some of the challenges have a
close relationship with XP, they can still be related to communication, coordination and
control issues of GSD. Challenges like lack of XP experience and lack of project
management activities can be associated with XP, but challenges like these can be
associated with coordination and control of distributed teams. A complete classification of
XP-GSD challenges due temporal, geographical and socio-cultural distances and related to
communication, coordination and control can be found in the results of SLR and survey.

Challenges common between XP and GSD

No Challenge ID No Challenge ID
1 ISLR_Com_Chlgl 13 {SUR_Coord_Chlg7
2 |SLR_Com_ Chig2 14 {SUR_Com Chlg3

3 |SLR_Com_ Chig3 15 |SLR_Ctrl_Chlgl
4 {SUR_Com_Chlg4.2 16 {SLR_Ctrl_Chlg3

5 {SUR_Com Chlg5 17 {SLR_Com_Chlg6
6 |{SLR_Com Chlg5 18 SLR_Coord_Chigl
7 {SLR_Coord_Chlg3 19 {SUR_Ctrl_Chlg2
8 {SLR_Coord_Chlg2 20 |SUR_Gen_Chlg2
9 SLR_Coord_Chlg5 21 |SUR_Gen_Chlg3

10 |{SUR_Coord _Chlg4 22 |SLR_Ctrl_Chlg2

11 |SUR_Ctrl_Chlgl 23 |SLR_Coord_Chlgé
12 {SLR_Coord_Chlg7

Table 23 Challenges common between XP & GSD

6.3.2 XP practices adopted to cope with the issues of GSD

The challenges reported in literature and survey are both related to the application of
XP and GSD itself. There are different mitigation strategies reported to cope with these
types of challenges in GSD as in [14]. But despite these mitigation strategies, the use of
XP can also help in coping with these challenges. From the benefits reported in systematic
review and survey it is evident XP helps in alleviating some of challenges. First of all the
issues related to communication can be mitigated by using XP because it is one of the core
values of XP. Informal communication is very important for successful implementation of
XP. Hence if XP can be successfully implemented in GSD environment it can help in
coping with the issues of GSD (particularly related to communication).

Each of the twelve XP practices improves the software development process in one
way or another. Each of these practices has its own benefits and it is very difficult to say
which one of the twelve practices can help in alleviating the challenges of GSD. However,
on the basis of SLR and industrial survey we can say that these practices can help in
alleviating the challenges of GSD. Collective ownership can be used to cope with the
issues of socio-cultural coordination and communication because it can help in improving
technical and social relationship among the team members. Pair programming and short
releases improve communication between the team members and increase trust. Pair
programming is also helpful in alleviating the issues related knowledge transfer. On-site
customer also helps in improving trust between the team members and customer. Although
due to cost issues and geographical distance this practice cannot always be affective, but if
there is understanding between the team members and a senior project member at the
offshore site has complete knowledge and understanding of the project, the practice can
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prove to be very effective. Continuous integration helps in earlier problem identification
and improves the issues related to coordination among the team members. Testing,
metaphor, planning game and coding standards can be used to cope with the issues of
coordination due to temporal, geographical and socio-cultural distances.

The application of different XP practices in GSD projects can help alleviate the
existing challenges related to communication, coordination and control. But in order to
take advantage of XP practices and to use them in alleviating the challenges of GSD, these
practices have to be tailored and customized. XP practices such pair programming, short
releases an on-site customer can used to improve communication. On-site customer and
pair programming also help in improving trust and socio-cultural coordination and
communication between team members. Continuous integration helps in improving the
issues related to coordination. 40-hour week can be used to deal with the issues related to
temporal coordination.

6.3.3 Successful XP practices in GSD
Evidence of XP practices gathered from SLR and survey was investigated to find out
which XP practices were applied in which GSD setting. The data extracted about the
project size, duration, team size and domain for both SLR and survey has been presented
in chapter 4 and 5. A brief summary of each combination of XP practices and GSD as
reported in literature and survey has been presented below.

Offshore: The most popular practices adopted in offshoring are short releases,
continuous integration, pair programming, on-site customer, collective ownership and
testing.

Outsource: The most popular practices in this combination are pair programming,
collective ownership, continuous integration, small releases, planning game and coding
standard.

Distributed Teams: The most popular XP practices adopted by distributed teams are
small releases, simple design, testing, metaphor and continuous integration.

Virtual Teams: The most popular XP practices adopted by virtual teams are planning
game, testing, coding standard, small releases are continuous integration.

The above mentioned combinations based on the results of the survey and SLR is an
indication that pretty much every important XP practice can be adopted in a GSD
environment provided it had to be tailored according to a particular settings. Although the
data gathered from SLR and survey states that some practices such as pair programming,
continuous integration, small releases, planning game and testing has been used more than
the other practices the application of a particular practice for a particular GSD setting
cannot be finalized. In almost all the research papers and survey responses a combination
of practices has been adopted as opposed to adopting a single practice. Some research
papers and survey respondents have indicated the use of scrum practices along with the XP
practices.

6.4 Discussion
During the course of this research we have found that research conducted on the
combination of XP and GSD is scarce. However, an increase in the number of publication
over the past 6 years has been seen. The research publications are mostly in the form of
experience report and case studies. But the number of publications over the last two years
has declined. On other hand the industry has adopted XP in their GSD projects as reported
in survey.

The main purpose of conducting SLR in this research study was to investigate the
reported research literature by exploring the benefits and challenges related to applying XP
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practices in GSD. Beside benefits and challenges, the SLR was also intended to investigate
the reported solutions/practices adopted to cope with the reported challenges.

Many benefits and challenges of XP have been reported in the form of empirical
studies. The benefits are achieved by applying one or more XP practices in a GSD
environment either in its original form or in a customized form (e.g. by combining XP with
scrum). The results indicate that XP can both benefit and bring challenges to GSD. The
introduction of XP according to some empirical studies benefits GSD and helps in
alleviating the existing challenges of GSD. XP can alleviate communication, coordination
and control related challenges introduced by temporal, socio-cultural and geographical
distances in GSD. The introduction of XP into GSD also improves productivity, quality
and reduces cost. Beside benefits the research papers have also discussed related to
communication, coordination and control which are introduced by temporal, socio-cultural
and geographical distances. Almost all the reported challenges are related to traditional
GSD challenges as reported by [14]. The research papers have also discussed the solutions
or practices adopted to cope with the reported challenges.

A similar pattern of investigation has been followed in the survey as well. The purpose
of the survey was to explore the benefits and challenges of applying XP in GSD. Like SLR
the survey also investigated the solutions adopted to cope with the challenges. Most of the
benefits reported in the survey improved communication, coordination and control. The
challenges reported were also related to communication, coordination and control. Beside
these typical GSD challenges a couple of challenges were out of these categories. The
survey also helped in investigating the solutions/practices adopted to cope with the
challenges.

The results of SLR and survey were combined to investigate the suitability and
applicability of XP to GSD. By analyzing the data collected from SLR and survey we
found out the most of challenges reported in the context of this research are traditional
GSD challenges. Applying proposed solutions can however alleviate these challenges.
Beside the proposed solutions, applying different XP practices in GSD projects can also
alleviate these challenges. But before applying XP in GSD projects it has to be tailored
according to a particular GSD setting. Beside this the application of different XP practices
was also investigated in this research. But due to the application of multiple practices in
different GSD settings it was difficult to conclude which XP practice can be adopted in
which GSD settings.

From SLR we have found that limited number of empirical studies exist in literature.
Therefore, more research work is required to investigate the projects which have
successfully implemented XP in their GSD projects. Beside this some research papers have
described the successful use of XP in their GSD projects but they have not specifically
described which practices were adopted. The use of scrum along with XP has also been
reported the context has not been clearly stated.

The contextual information for many research papers is insufficient or is not available
at all, which makes it difficult for the researchers to apply this information to other
projects. In order to make it easy for the researchers to explore the area and apply the
findings of the research to other research areas, adequate research information should be
provided.

6.5 Validity Threats
The reliability and accuracy of the research is always affected by some factors no
matter how well the research is conducted. For this research study we have found some
validity threats related to SLR and industrial survey. There are four different kinds of
validity threats as discussed by [40]. These threats are: internal validity threats, external

59



validity threats, construct validity threats and conclusion validity threats. The following
sections explain the validity threats associated with this work and their relevant mitigation
strategies.

6.5.1 Internal Validity
The purpose of internal validity is to make sure that valid conclusion can be drawn
from the collected data [40]. The internal validity threats related to our research study were
the following.

The purpose of the systematic review was to find as many relevant research studies as
possible. For the purpose of this study we performed backward and forward snowballing.
In order to have an initial set of papers we searched IEEE and Google Scholar. We created
a search string from search keywords extracted from the research questions. While
performing snowballing it is possible that we may have missed important relevant studies.
We may have found more studies if we had performed our search in multiple databases.
But due to lack of availability of time and resources we could not conduct a database
search in multiple databases. According to [43] regardless of numbers and figures, similar
patterns can be found in systematic literature studies and snowballing and hence similar
conclusion can be drawn. In [43], a comparison between database searches and
snowballing was drawn and was conducted on agile global software development, which
makes it relevant to our study. Therefore, we believe that a similar conclusion can be
made.

In order to avoid the threat related to publication bias, a strict review protocol was
defined and followed systematically. The papers were selected by individually on the basis
of predefined protocol. In case when the authors had confusion selecting or rejecting a
particular paper, both authors would discuss the issue and would either include or exclude
the papers on their mutual consensus. In order to avoid ambiguities in the data extraction
both the authors performed a pilot extraction. The piloting help the authors reach a
consensus regarding the extraction of data from the selected papers. Also in order to check
the level of agreement between the authors, kappa statistics was used [35]. The authors
randomly selected 3 research papers and applied their inclusion/exclusion criteria on the
selected papers. The authors also extracted the data independently from the selected
papers. The level of agreement between the two authors was checked according to kappa
statistics and the results shown negligible difference between the opinions of the authors.

There was also a potential threat of missing the benefits and challenges by missing
some primary studies during the search. The reason for this is because in GSE or GSD
different terms are used interchangeably. For example the term development in global
software development may mean development phase or entire development cycle. Beside
this we used Google Scholar for getting our initial set of papers for snowballing. But the
problem with Google Scholar is that it does have the ability to conduct complex searches
by using long search strings. In order to avoid these issues both the authors carefully
developed the search string and refined it with the help of supervisor and librarian.

6.5.2 External Validity

According to [40] external validity is concerned with the generalizability of the
conducted research study. We have found major threats associated to the industrial survey.
Finding organizations working on XP in a GSD context was difficult. Approaching and
contacting the respondents who have/had been using XP in their distributed project was
difficult. In order to reach respondents in different parts of the world an online
questionnaire was developed on the mutual consensus of the authors. It was also possible
that we may not have access to a substantial number of respondents. For this purpose we
distributed the questionnaire on a number of online XP, agile and GSD groups on
LinkedIn. We also sent the links to our personal contacts and request them to send the
survey link to their contacts further. The reliability of the survey respondents was also a
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threat to the conclusion and analysis of the survey. But we got about 70% of responses
from our contacts, which helped us cope with the issues related to the reliability of the
survey.

The number of responses we got for the survey was another threat. Because it was
difficult for us to make generalizable statement about the data received through the survey.
We tried very hard to have as much as possible responses from participants in different
parts of the world. But due to limited time and resource availability it was difficult for us
to have a large number of responses. We were successful in getting responses from 51
Number of respondents. It was a threat to make any kind of generalized statement about
the benefits, challenges and solutions of the challenges associated with the combination of
XP and GSD. It was also possible that we may have missed any important benefits or
challenges. Another threat was that some respondents did not completely fill the
guestionnaire and some responses were not very clear. In order to avoid those problems we
ignored those responses which were either incomplete or unclear.

The types of questions asked in the survey were another threat. The questions related
to demographic, company and project information were asked in close ended questions
whereas the questions related to the adopted XP practices, their benefits and challenges,
and solutions to challenges were asked in a combination of both close and open ended
types. There was a possibility that the respondents may find these questions difficult to
answer. While designing the survey we tried very hard to make these questions as easy to
answer as possible. It may also have been difficult for the respondents to answer questions
specific to company or project information. We made it clear in the introduction to keep
the information specific to project and company anonymous.

The survey was sent to many respondents located in Europe, Asia and America. The
idea was to gather information from people from different cultures, backgrounds,
geographical locations and organizational structures. The idea was to generalize the results
of the research to a larger context. However due to time limitation we could not keep the
survey open for a longer duration.

6.5.3 Construct Validity

According to [44] construct validity is concerned with the question “How do you know
that you are measuring what you think you are measuring?”. The construct validity threat
in our research could be the structure of the search string. The search string may not help
us find all the required information and research articles. For this purpose we refined the
search string with the help of librarian and our supervisor. Another threat could be the
extraction of information from the research papers regarding the benefits, challenges,
solution and severity of challenges. In order to avoid these threats we continuously
communicated with our supervisor and sent her updates of every step we took. In case we
faced any problems or difficulty we would discuss that with our supervisor and ask for her
guidance.

6.5.4 Conclusion Validity

Conclusion validity is concerned with the issues affecting the ability to draw correct
conclusion about relationships between treatment and outcome [40]. In order to cope with
the threat of missing important benefits and challenges reported in literature, the authors
strictly followed a pre-defined review protocol. The review protocol consisted of a well-
defined inclusion/exclusion criteria and a data extraction form. The protocol was prepared
after mutual understanding and consensus of both authors and with guidance of the
supervisor. Also in order to measure the level of agreement between both the authors,
kappa statistics was used. If there were any misunderstandings between the authors on a
particular issue both authors would discuss the issue together until a mutual agreement was
reached. In order to ensure that the data was extracted according to the review protocol we
performed a pilot data extraction. Data was extracted from five primary studies initially
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and was sent to the supervisor for approval. After getting the approval and
acknowledgement from the supervisor data was extracted from the rest of primary studies.

There was also a risk associated with conducting the survey, because in case of
misunderstanding or misinterpretation of a particular question we may miss important
information from the practitioners. In order to cope with this issue we approached a senior
BTH student and ask for his guidance. He had prior research experience in agile and
studied global software engineering as a subject. He gave us valuable feedback regarding
different questions in the survey. He advised us to make the questions simpler and easy to
answer. His feedback helped us in refining our survey. After refining the survey we sent
the survey questionnaire to our supervisor and discussed the potential issues with her. She
continuously provided feedback on the survey until she was satisfied with the
questionnaire. The small number of responses received from the survey was another threat
to the generalizability of the conclusion. It would have been much better if we had
conducted interviews alongside the survey but limited time and resources did not allow us
to conduct an interview.
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7/ CONCLUSION

In this research work we have investigated the suitability of eXtreme Programming in
Global Software Development. We have conducted a systematic review and an industrial
survey to investigate and explore the benefits and challenges of XP in combination with
GSD. We have also investigated different solutions adopted to cope with the challenges of
XP. In addition to the benefits and challenges, it is investigated which challenges are
typical GSD problems, and how GSD benefits from XP practices. The results indicate that
XP practices can actually alleviate traditional GSD challenges to a good extent. However,
in order to successfully implement XP in GSD, it has to be customized and tailored
according to the organization setting and distribution of responsibility across different
sites.

7.1 Research Questions Revisited

RQ1. What is reported in the available research literature about XP practices in
GSD?

RQ1.1. What are the benefits and challenges?

In order to investigate the benefits and challenges of XP in GSD we have conducted a
systematic review. After conducting the systematic review we classified the identified
benefits and challenges in relationship to communication, coordination and control on the
basis of temporal, geographical and socio-cultural distances. The data gathered in this step
indicate that GSD can benefit from XP and that it can help in alleviating the challenges of
GSD. A detail of the benefits and challenges investigated through systematic review can be
found in section 4.5.1.

RQ1.2. Which challenges are severe and require more attention than others?

In order to find answer to this question we analyzed the data gathered from SLR. We
determined the severity of the challenges by using numerical assignments. The challenges
reported more in literature and which were affecting one or more core values of XP were
considered more severe. Detail of severity of challenges can be found in section 4.5.2.

RQL1.3. What strategies are adopted to deal with the challenges?

The answer to this question was also investigated from the data gathered through SLR.
The selected primary studies had proposed different solutions or practices to cope with the
challenges reported in literature. Section 4.5.3 provides detail of the identified strategies
adopted to cope with the reported challenges.

RQ2. What is being done in software organizations that utilize XP practices in their
GSD projects?

RQ2.1. What are the benefits and challenges?

In order to investigate the benefits and challenges of XP in GSD we conducted an
industrial survey. We received 51 responses from the respondents. A total of 20 benefits
and 25 challenges were reported in survey. The benefits and challenges reported in survey
were also classified according to communication, coordination and control and were based
on temporal, socio-cultural and geographical distances. The results of the survey also
indicated the same pattern as SLR. Most of the benefits helped in improving
communication, coordination and control and most of the reported challenges were
traditional GSD challenges. Section 5.4.10 provides a detail discussion on the benefits and
challenges reported in survey.
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RQ2.2. Which challenges are severe and require more attention than others?

In order to classify the identified challenges on the basis of severity we applied a three-
step process. Challenges that were reported the most, had an impact on the software
development processes in the investigated organizations and were affecting one or more
core values of XP had a higher severity. The challenges reported by relatively less
respondents and did not have a huge impact on software development process and were not
affecting the core values of XP had medium severity. Whereas the challenges which were
reported very little number of respondents, had very little impact on software development
process and were not affecting one or more core values of XP had low severity. Section
5.4.11 provides additional information.

RQ2.3. What strategies are adopted to deal with the challenges?
The survey respondents provided different solutions to the challenges reported. Details
of reported solutions can be found in section 5.4.12.

RQ3. Does GSD benefit from XP practices?

RQ3.1. Which of the identified challenges are traditional GSD problems?

In order to find answer to this question we analyzed data related to challenges from
both SLR and survey. After a thorough analysis of the gathered data we found out that the
challenges identified during SLR and survey were mostly traditional challenges of GSD. A
detail of this question can be found in section 6.2.1.

RQ3.2. Which of the identified practices or typical XP practices can alleviate

those issues?

The results from both the survey and SLR indicate that almost all XP practices have
been used. These practices although customized according to the requirements of
organization benefited and helped in alleviating the problems associated with GSD. A
detail discussion can be found in section 6.2.2.

RQ3.3. Which XP practices are applied in which GSD settings?

Data gathered from SLR and survey indicates that multiple XP practices have been
applied in different GSD setting. However it is difficult to specify conclusively which
particular XP can be applied in which GSD setting. Section 6.2.3 provides a complete
detail of RQ3.3.

7.2 What Have We Done Differently?

In [P9], the authors have investigated the proposed benefits and challenges of agile
methods in global software development based on the existing literature. They have also
presented a plan for conducting a case study in the future. The authors have discussed XP
in general and no discussion about particular practices has been given.

Similarly Layman et al [P20] have conducted a case study on the communication
practices in XP in GSD. The authors have discussed only XP and the issues that could
arise due to lack of informal communication in an XP team in GSD. In another study
conducted by Holmstrém et al [P22], the authors have conducted a case study on the usage
of agile methods in global software development. The authors have mainly focused the
challenges of global software development. Two different agile methodologies i.e. scrum
and XP have been explored during the course of this extensive case study and only few of
XP practices such as pair programming, simple design, refactoring and coding standard
and its impacts on GSD have been discussed. In [P18], a case study on the application of
XP in GSD has been conducted. The authors have discussed some challenges of GSD and
stated how the use of agile methods such XP can help in solving the problems.

Unlike previous studies, this research aimed at investigating the applicability of XP in

GSD through collecting all reported benefits and challenges of this combination in the
literature complementing with a survey targeting practitioners. We also wanted to find out
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what solutions are adopted to deal with the challenges. We wanted to find out these factors
from both the state-of-art and state-of-practices perspectives. The main objective of this
thesis report was not to find out the challenges and/or solution to the existing challenges of
GSD. We have made the following contribution to the research area.

e We have investigated the benefits and challenges related to the application of
XP in GSD from both the literature and practice perspective. We have also
found out what practices or solutions have been adopted to deal with these
challenges.

¢ In this study we have found that almost all XP practices have been applied in
GSD, although some of them are applied with modifications.

e We have found out that most of the challenges related to XP-GSD
combination are basically GSD challenges. The challenges were mostly
relevant to communication, coordination and control and were introduced by
temporal, geographical and socio-cultural distances. Based on the
classification of GSD challenges previous investigated by other researchers
[14] we classified the challenges of XP-GSD. We did the same classification
for the benefits and that these benefits improve software development in
distributed environment.

e Based on the population sample of our survey we believe that our results are
more generalizable because our survey population consisted of respondents
having multiple years of experiences, from different location and were
working on software development projects in different domains.

7.3 Future Work
e Lack of project management
During this research study we have found that XP is more a development methodology
rather project management methodology. Although some research papers have discussed
the use of scrum practices in XP to cope with project management challenges in XP. It
would be interesting to investigate how project management activities are performed in XP
projects.
o XP in large scale distributed projects
XP can reportedly be adopted small to medium sized projects. It is not evident from
both survey and SLR if XP has been successfully adopted in large-scale projects or not.
Conducting research on large scale XP project could be important for future research.
¢ Knowledge management in distributed XP projects
Since extreme programming was developed for co-located environment, it emphasizes
more on practice than documentation. In co-located environment it is easy to transfer and
maintain organizational knowledge. But in GSD since there is limited informal and face-
to-face communication, knowledge transfer becomes limited. We did not find any
evidence of organization knowledge management in XP-GSD projects in the existing
literature. Therefore, it would be interesting to see how organizational knowledge is
transferred and maintained in XP-GSD projects.
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8 APPENDIX

8.1 Data sources with search strings and search results
The following table contains search strings created from the keywords in table 1. The
table also consists of the names of data sources searched and the results obtained from the
search.

IEEE 1 (agil* OR "extreme programming” OR xp OR xp2 OR flexible) AND
("distributed software development™ OR "global software development" OR
"collaborative software development™ OR "global software engineering" OR
"globally distributed work" OR "collaborative software engineering" OR
"distributed development” OR "distributed teams” OR "global software
teams” OR ‘"globally distributed development" OR "geographically
distributed software development"” OR "dispersed teams" OR "multi-site
software development” OR software offshor* OR software outsourc* OR

__Software onshor* OR software insourc™) __________________________________
(agile OR "extreme programming” OR xp OR xp2) AND ("distributed
software development” OR "global software development” OR "global
software engineering” OR "dispersed teams" OR offshore OR outsource OR
onshore OR insource)

Table 24 Electronic databases with search strings
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8.2 Data Extraction Form

iGeneraI Information About Research Study/Article

Title of article

IName of author(s)

Year of publication

iType of Article

O Journal O Conference

[l
iDatabase source

Research Methodology

Empirical Background

ED Yes [INo CJUnclear

Research Method

EIII Case Study [IMultiple Case Studies [ Experiment [1Surveys
1
i00Literature Review O Mixed [JOthers

Research Background

] Academia [ Industrial COJMixed

i1Global Software Engineering Attributes

Collaboration Mode

ED Inter-Organizational [J Intra-Organizational [J Unclear
1

Characteristics

Number of Sites: .......... /Unclear
Number of Teams: .......... /Unclear
Location(s): .......... /Unclear

Time Zone Difference: .......... /Unclear

XP Attributes

:XP Practices adopted

I
10 XP [Planning Game [JSmall Release O Metaphor [ISimple Design

1

{OTesting CIRefactoring CIPair Programming CICollective Ownership
iDContinuous Integration [J40-Hour Week [1On-Site Customer
10Coding Standards

Customization of XP Practice(s)

OYes LINo (If Yes Please state how?)

Project Features

iNo. of Projects
1

T /Unclear

Size iOLarge (More than 2 Years) COMedium (1-2 Years) CISmall (4-6 Months)
iCJUnclear
| Months/Unclear

i
1
1
;
iDuration
1
i
1

Participants

100 Students O Industry O Mixed [ Unclear

Success

[J Yes [J No [ Partially

Product Features

1Application Domain
1

| /Unclear

iSize
1

AILGIC ccoooo0000000 /Unclear
1Function Points: .............. /Unclear

Highlighted Benefits/Challenges/Solutions

IHighlighted challenges, proposed solutions/strategies/frameworks and lessons

1learnt etc.

1
1
1
:
:Results
I
1
!

Figure 18 Data Extraction Form
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8.3 Survey Questionnaire

The Benefits and Challenges of XP in Global Software
Development

Personal Info
1. Role

O Project Manager O Team Lead (O System Analyst O System Designer O Developer (O Tester

O Other (Please Specify)

2. Total experience in software projects

O Lessthan 1 year (O Mare than 1 year but less than 5 years (O More than & Years but less than 10 years
O Mare than 10 years

3. For how long have you been involved in XP?

O 0toB months (O Mare than B months but less than 1 years (O Maore than 1 Year but less than 2 years

O Mare than 2 Years but less than 3 years (O more than 3 years

4. Where are you located?

- Please Select - hd

Company & Project Info

5. Name of the company

6. Size of the company (number of employees)

O1-10 O 1Al O 511000 O 10141000 O Maore than 1000

7. Location of the main site

- Please Select - b

8. What was the responsibility of main site?

] Requirernent Analysis — [] Design [ Developrnent [ Testing

O cther (Flease Specify)

9. How many distributed sites does the company have?

O Upto2 O3 O710 O Morethan 10
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10. Where were the distributed sites located? What responsibility and size did the team have at each location?

Location

| -- Please Select - v |

Responsibility
[ Requirernent Analysis [ Design  [] Developrment  [] Testing

O Gther (Please Specify)| |

Size of the team (no of employees)

O 110 O 11500 O 511000 O More than 100

11. What was the domain(s) of the project(s) you were involved in?

[ Telecommunication [ Finance  [] Realtime [ Web [] Commercial ] Autormotive

O Gther (pleasze specify)| |

12. For how long the project is‘had been under development?

O UntoB months O 7-12 months (O More than 1 year but less than 2 years
O More than 2 years but less than 4 years O Maore than 4 years
XP Practices
In the following questions, definition each ¥P practice has been provided according to Kent Beck™ For each practice:
-Please indicate whether it has been adopted in your project or not?
f it was utilized differently than the given definition, please specify the modification.
-Please write down it's perceived henefits and challenges on your project.

-For each challenge, please specify how you alleviated it.

* K. Beck, Extrerne Programrming Explained: Embrace Change, Addison Wesley Longman, Reading, Mass., 2000,

13. Planning Game: Determine the scope of next release and update the plan when the previous part is accomplished

_ . Muodification

Planning
Game O ‘

Small 0 ‘

Releases

15. Metaphor: D

-. nefits Challen Solutions to Challe

Metaphor | [] ‘
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16. Simple Design: Designing the system in the simplest possible way and removing any complexity as soon as it is
discovered.

Modification

Simple
Design O p

17. Testing: Programmers write the test for devel t to conti and cust write test for accomplishing particular

features. Also each feature must he tested thoroughly before release.

Modification

Testing = []

18. Refactoring: Restructuring the system without changing its behavior in order to remove duplication, improve
communication and to add flexibility.

Modificaiton nefits Challenges Solutions to Challe

Refactoring | [

Solutions to Challenges

Pair
Prograrmming

20. Collective Ownership: No single person is responsible for a piece of code. Every person can change the code
everywhere and at any time.

Modification

Collective
Oweniership o l

)

Continuous
Integration o

40-Hour
Week o

23. On-Site Customer: Include a live, real user on the team. He should he ilable to ti related to the
systemn any time.

Modification

On-Site
Custormer

a

| A
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24. Coding Standards: The code must be written in the same way following the same style and format to improve
communication and knowledge sharing.

Coding 0 ‘

Standards

25. If you have specified one or more challenges regarding the combination XP & GSD, please tell us how these challenges
affected the software development process in your organization?

The effect of XP on GSD

26. To what extent do you think the introduction of XP affects the existing GSD challenges related to communication,
coordination and control?

Better | Much Better

(@]
o

Cormmunication related challenges due to Termporal Distance
Cormmunication related challenges due to Geographical Distance
Communication related challenges due to Socio-Culture Distance
Coordination related challenges due to Temporal Distance
Coordination related challenges due to due to Geographical Distance
Coordination related challenges due to Socio-Culture Distance
Control Related Challenges due to Temporal Distance

Contral Related Challenges due to Geographical Distance

OO0 OCOoOCOoC0o
OO0 OCOoOCOoC0o
OO C OO0 O0OC OO0
CO0OC O O0COoOC
COC OO0 CO0oC

Control Related Challenges due to Socio-Culture Distance

Additional Comments

27. Would you like to add anything we have not covered in the questionnaire? Please fill in the essay box below

Thank You!

Thank you for taking our survey. Your response is very important to us and we hope your participation will help us contribute to software
engineering regearch.

Figure 19 Survey Questionnaire
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