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Abstract

Agile methodologies are based on co-located, gglutzed teams, close and constant
communication. On the other hand, Global Softwamvdlopment raises a significant
number of challenges related with communicationciadecultural differences and
geographical dispersion. Therefore, applying Agitethodologies in a Global Software
Development is not a straight forward practice eaides several challenges that need to be
efficiently addressed in order to reach success.

In this dissertation is presented a study about hagile methodologies can be
successfully applied in Global Software Development

A literature review is first presented in orderuiederstand the state of the art about the
theme of applying Agile methodologies in Global t3@ire Development. Understanding
which studies are currently available in the sdéfentommunity and their findings about
either challenges faced and strategies applidueistudied projects.

A case study about a real project, where Scum pglied in Global Software
Development, is also presented. Understanding @aScrum practices are applied in the
project, identifying the challenges faced and tlatsgies to efficiently address those

challenges are the main study goals.

Keywords: Global Software Development, Agile developmenti8cProject Management
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Resumo

As metodologias Ageis de desenvolvimento de sofivefio baseadas em equipas co-
localizadas e auto-organizadas onde a comunicacaastante e proxima. Por outro lado, o
desenvolvimento geograficamente distribuido dewso# levanta um nimero significativo
de desafios relacionados com a comunicacgéo, catifeasncas socio-culturais e a dispersao
geogréafica. Assim, aplicar metodologias Ageis desedgolvimento de software num
ambiente geograficamente distribuido ndo € umacpr&mples e levanta uma série de
desafios que necessitam de ser eficientemente roaims para se garantir o sucesso do
projeto.

Nesta dissertagdo apresentada-se um estudo sobme ometodologias Ageis de
desenvolvimento de software podem ser eficienteenesmplicadas num cenério de
desenvolvimento geograficamente distribuido.

Assim, inicialmente apresentada-se uma revisadetatura no sentido de se identificar
qual o estado da arte sobre o tema da aplicabdidde metodologias Ageis em
desenvolvimento geograficamente distribuido. S&mtificados quais os estudos que se
encontram atualmente disponiveis na comunidadéifiansobre o tema e quais os seus
resultados relativos aos desafios identificadoss eestratégias aplicadas nesses projetos
estudados.

Posteriormente apresentado-se um estudo de caso/aeh um projeto real, onde a
metodologiaScrumé aplicada num cenario de desenvolvimento geagatnte distribuido.
Os principais objetivos sdo os de perceber comar@gasScrumestao a ser aplicadas no
projeto, assim como o de identificar quais os desaferificados e as estratégias aplicadas

para eficazmente contornar esses desafios.

Palavras Chave: Desenvolvimento de software geograficamente disitidy
Desenvolvimento Agil de software, Scrum, Gestderdgetos
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1 - Introduction

With the economy globalization and an extreme cditipe business environment,
companies are driven to constantly improve effectass and efficiency as well as customer
satisfaction. To face these challenges, softwanmepamies started applying Global Software
Development practices, distributing its developmettvities over different global locations
using off-shore, outsourcing, subcontracting andngaship strategies. Also, to address the
constant evolving customer requirements and quitie-to-market needs, companies are
swapping traditional waterfall software developmeith more recent Agile methodologies.

Global Software Development raises a significaninber of challenges related with
communication, social-cultural differences and gapgical dispersion. Agile methodologies
are based on co-located, self-organized teamsg @lod constant communication. Therefore,
applying Agile methodologies in Global Software BBpment projects is not a straight
forward practice and raises huge challenges thed te be efficiently addressed in order to
be successful.

Due to a non-disclosure agreement, required byémorming company, all information
about the company and product used for the cadg siuhis dissertation was kept as from a

generic source.

1.1 - Motivation

The dissertation theme was selected mainly basé@@motivations:

1. Its current relevance in the scientific and corpprdomains. The interest in
understanding what is the most recent knowledgkinvthe scientific community
about how to efficiently apply Agile methodologiesglobal distributed software
development.

2. To provide a contribute to the company, where thdyswas performed, with an
analysis on a specific software development prajesttibuted over different sites,
reaching conclusions that can be used in futurenfwrove projects’ efficiency.
Furthermore, the same results can contribute to sttientific community to
increase the available empirical knowledge on Henie and contribute to future
knowledge consolidation.
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1.2 -Problem

As introduced before, the applicability of Agile thedologies in Global Software
Development is not straight forward and far fronmigea solved theme. The geo-distribution
raises several challenges that have impact inftlogemcy of the development process.

Therefore, the problem proposed to be addresstiisiissertation was the identification
of the critical success factors to efficiently appAgile methods in Global Software
Development. An answer to this proposed problem mase specifically addressed in the

two research questions next described in sectidn. 1.

1.3 -Dissertation Objectives

The main dissertation’s objective was to understahdt are the challenges raised when
applying Agile methodologies in geographical dmited software development as well as
what are the best practices and strategies taesftlg overcome those challenges.

In order to achieve this objective, a study abbetcdurrent state of the art in this theme
was performed in order to understand how far is shibject studied and consolidated. Then,
a case study about a real geographical distribseitivare development project was
performed in order to acquire additional empirikabwledge that could be compared and
appended to the already existing in the community.

The expected result of this dissertation was toeaeha set of consolidated common
challenges faced when applying Agile methodologregieographical distributed software

development as well as a set of best practiceSitieatly overcome them.

1.4 -Research Questions

The broad questions addressed in this research were
- What are the challenges faced when applying Agééhauds in a Global Software
Project?
- What are the strategies to address the impact agdtchallenges in the software

development’s project efficiency?
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1.5 -Research Methodology

In this section, the research methodology usedhigrdissertation will be presented and
justified.

The study proposed in this dissertation was abadtfiQuring out how can Agile
methodologies be successfully applied in a distedlenvironment and (2) trying to answer
to research questions in the form of “what” quesioThe main focus was to acquire
empirical knowledge by observing the evolution ofeal and recent event in its real-life
context, without interfering on it. The literatureview was performed aiming to get benefit
from previous studies to guide the data collectind analysis.

The problem addressed in this dissertation was t@rgnd diversified. As described in
the literature review chapter, there are severaktons that the literature classifies as not
answered or not scientifically proven, thus recemg that the available knowledge about
the application of Agile methodologies in a disttéd environment is scarce.

Although research questions were explicitly in “&/Harm, the dissertation also tried to
answer to questions in “why” form. It was not omitied to identify phenomena, but also to
provide an explanation for them. This was tried¢bieve via the interviewees’ experience as
well as by providing an interpretation of the olser and measured phenomena during the
project.

According to Yin (2003) a case study is an empiriceethod used to investigate a
contemporary phenomenon in its own real contextaut requiring any behavioural control
of the events. Furthermore, the same author réffi@tscase studies use multiple sources of
evidence and may be based on previously developgabgitions to guide the researcher
during the data collection and analysis procedRegarding the form of research questions,
Yin (2003) refers that “what” form of questions dérin any research strategy. Runeson et al.
(2009), commenting on the collected data typegrréfat a case study tends to be mostly
based on qualitative data, but that whenever a o@tbn of qualitative and quantitative
data is possible, a better understanding of thegahenon to be studied can be acquired.

The exploratory case study, with the utilization tbe “what” and “why” form of
questions, was therefore selected as the apprepaaearch method to deal with a problem
where the lack of comprehensive knowledge is extens

It was possible to use multiple sources of datéghdlgh qualitative data was the main
data type collected, quantitative empirical dataenadso retrieved namely in which concerns

the development performance metrics.
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1.5.1 -Unit of Analysis

The subject of the case study was a large softpar@uct development project, globally
distributed over multiple sites where Scrum methogyp was applied. The product in
guestion was divided in three components, eachheitbeing developed by a different
development unit. The unit of analysis in this gtuwehs one of these product’'s components,
named in this dissertation “Component 3”. The Congma 3 development unit had its
development distributed over four sites: two sitef?ortugal (Sitel; Site2), one in Poland
and one in India. The main development site wasuBal Site 1. The other two product
components (Component 2 and Component 1) were lghiagloped, one in India and the

other in China.

Case Study
Unit of Analysis
- Portugal (Site 1; Site 2)
Component 3 - Poland
- India
Component 2 - India
Component 1 - China ( Sitel; Site 2)

Figure 1 - Case Study and Unit of Analysis

1.5.2 -Data Collection and Analysis Techniques

The following data sources and analysis technigueze used in the case study:

- Observation and document analysis:
0 to get information about how project and teams veémectured;
0 to understand how Scrum practices were being apiplie

- Development performance metrics analysis:
0 to measure development performance evolution aloagroject;

- Semi-Structured Interviews:
0 to seek information from project’s participants abtheir perception

regarding the challenges faced, when applying Scioma

distributed environment.
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1.5.3 -Research Process

In order to reach dissertation objectives’ andrnd finswers to the research questions the

process presented in Figure 2 was followed andneiit be described:

1. Literature Review
- The first step was a literature review in ordefreome the theme and present
the most recent investigation results in the area;
- Literature Review focus:

- Evolution path from traditional waterfall models tdAgile
methodologies;

- Overview of Scrum method, as it is the Agile mettlody used in the
project in study;

- Evolution from co-located to distributed softwarevdlopment, what
where the drivers and benefits that have lead softveompanies to
start distributing its development projects oveffedent locations in
the world;

- Collecting information about the challenges facedsiobal Software
Development and the strategies to face those ciuate

- Scientific papers review about the applicability Adile methods in

Global Software Development.

2. Case Study
2.1.Case Study Design and Planning

- In this step the case study design and planning werformed.

2.2.Data Collection
- This step started with an iterative observationigaerof the Scrum
practices applied in the project;
- Semi-Structured interviews were designed and pldnne

- Semi-Structured interviews realization.
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2.3. Information Analysis
- All data collected during the data collection stegre organized, selected

and analysed.

3. Summary and Conclusion
- Dissertation’s conclusions and answers to the mme@oresearch

guestions.

— —)

Case Study Data Collection
Design & Planning

Figure 2 - Case Study Research Process



Applicability of Agile methodologies in Global Sefare Development Projects
- a Scrum Case Study -

2 - Literature Review

This chapter will present the literature reviewdiimgs and results about the state of the
art about the theme in study in this dissertation.

The review will follow the evolution path from theaditional waterfall models to the
recent Agile methodologies, as well as the evotufimm co-located to global distributed
software development. Special focus will be heldtltoen Scrum method description, as this
was the Agile methodology used in the project ddin this dissertation. Regarding the
applicability of Agile methods in Global Softwareeielopment, the results from a review
about the current available scientific papers Wil presented. There will be found, a
description of the type of studied projects as veslla consolidation of the most current
knowledge about the challenges faced in applyindleAgnethods in Global Software
Development and strategies applied in projectsuteessfully address the challenges. This
chapter ends with a synthesis and conclusion abheuturrent state of the art in the theme in

study.

2.1 - Traditional Software Development

Traditional methods of developing software followsaquential life cycle of phases.
These methods are known as Waterfall models andatyyp are divided into five phases:

Requirements, Design, Implementation, Testing aathinance.

Requirements
definition

System and
software design

Implementation
and unit testing

Integration and
system testing

Operation and
maintenance

Figure 3 - Waterfall Model (Sommerville, 2007)
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The production process starts with the Requirememése where the attempt is to define
and document in detail all or most of the productguirements before programming it. The
work throughout the different production phaseplanned in detail, typically using Gantt
charts. All the teams involved read the requiremepecification and come to an estimate of
how much will cost and will last their individuahgks until the end of the process. The
detailed plan and the estimations are reviewedapptoved by the stakeholders and only
after that the different teams start working orirtteessks (Larman, 2008).

Next comes a Design phase where the software tdeimgmt is designed and
documented. This design documentation is delivéedhe Implementation team where
developers start coding.

Once the product coding is completed it is delidet@ the Testing team who performs
extensive code testing before it reaches the dkgirality and is released to the customer.

After the software product is delivered to a custona Maintenance phase starts where
fault corrections and upgrades are produced arizeded.

Throughout the process, there are strict qualitgstones that have to be reached before
jumping to the next process step. Also, the proce$ssed on building documentation and
producing deliverables to the next phases.

This approach has strengths and weaknesses (LaR0@d).

e Strengths:

On the strength side is the fact that the processery logical, disciplined and
structured. It is easily understandable, explamabhd provides tangible clear
milestones in the development process. The effiatenl in the beginning, thinking
and predicting as much as possible the productinregents and design, can lead to
great effort economy in later stages. Also, theaifatl life cycle is very valuable for
its emphasis on documentation mind-set in ordératosfer knowledge between team
members and to new team members.

* Weaknesses:

The Waterfall life cycle drawback starts with tlaetf that usually it is not possible to
predict everything in the beginning and especiatlych in advance. The product
requirements may also not be all clear in the begm and there may happen
unpredicted constrains throughout the producticat thay compromise the initial

plan. Also, throughout the process may appear rewd gleas to enhance the product
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that may not easily and quickly be implemented bseait was not planed and
designed in the beginning.

The written documentation is not a proof that thewledge can be efficiently spread
because the document can simply not be read, nesstachdings and
misinterpretations can happen when the documentad. Also, because it is not
possible to write everything that is in the writerhind. People are involved in the
process, so there are team borders and work harsdbeeveen phases that can lead
to adversarial relationships instead of strengteam work to achieve a common goal.
Therefore, the overall picture of waterfall lifeoby weaknesses is that it is a rigid and
change-resistant process that may lead to pooityjpabduct if there are significant

drawbacks and changes in requirements during theeps are significant.

2.2 -Agile Development

Agile development methods have their roots in tldelterative and Incremental lifecycle
approaches.

They were developed with the belief on an approawie centred in human reality
instead of process reality. Agile development foonscross-functional teams empowered to
make decisions, in opposition to big hierarchiesl a@ams divided by functions. Agile
pretends to emphasize building working softward taa quickly be used, in contrast with
spending long time in writing specifications. AlsAgile focus on rapid iteration with
continuous costumer input during the developmemncgss, instead of defining all
requirements in the beginning and only deliver gheduct to customer at the end (Larman,
2008).

2.2.1 -lterative Development

This is a development method in which the overfdticle is composed of a sequence of
iterations. Each iteration is a mini-project comgmbsof requirement analysis, design,
implementation and test activities. The challengé goal of each iteration is to generate an
iteration release which is a stable, integrated sted part of the complete product. So,
there will be several internal releases, at theanehch iteration, and one final release with
the complete product in the last iteration of tmecpss. This final release is then a product

that can be released to the market or to a customer
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An iteration can be only focused on fault resolutar performance tuning, but usually
there is an addition of new functionalities in eaitération. Therefore, the product
incrementally increases iteration by iteration.nifrag together the concept of developing a
product iteratively and incrementally, there itgist the so called Iterative and Incremental
Development, or simply Iterative Development (Lann2003).

A 3-waek eration (lor exampla)
A mini-project that includes work in most ;J!?rt:: 'hf: b
disciplines, ending in a stable exacutable. v ke
5 iteration includes
L work i mast
Sample dizciplines, tha
Disciplines relative effort and
) /"___'_""‘-'—-—-—-_.___ emphasis change
Reguirements over time.
Desigh —'-"""'_"'H—F.—_—-_-_-_-_-_-_' e
Implamentation _._______________...---"'"_'_ _‘_-_-‘_“\\.

Tost ﬂ

Iterations

Figure 4 -Disciplines effort distribution across iteratiohsafman, 2003)

2.2.2 -Agile Manifesto

In 2001, the Agile Alliancé was created by a group of people interested matlte and
Agile methods. They defined the Agile manifesto atatement of principleswhich are
presented below (Larman, 2003):

Agile Manifesto Values

Individuals and interactionsover | processes and tools

Working software over | comprehensive documentation

Customer collaborationover | contract negotiation

Responding to chandgeover | following a plan

Table 1- The Agile Manifesto Values (Larman, 2003)

! www.agilealliance.com
2 agilemanifesto.org
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The 12 Agile Software Principles

1. Our highest priority is to satisfy the customer ) ) )
) ) 2. Working software is the primary measure of
through early and continuous delivery of valuabl

D

progress.
software.

3. Welcome changing requirements, even late in | 4. Agile processes promote sustainable development.
development. Agile processes harness change for The sponsors, developers, and users should be| able

the customer's competitive advantage. to maintain a constant pace indefinitely.

5. Deliver working software frequently, from a ) ] ]
) 6. Continuous attention to technical excellence and
couple of weeks to a couple of months, with a ) -
) good design enhances agility.
preference to the shorter timescale.

7. Business people and developers must work 8. Simplicity--the art of maximizing the amount of

together daily throughout the project. work not done--is essential.

9. Build projects around motivated individuals. Giv

1%

) 10. The best architectures, requirements, and designs
them the environment and support they need, and o
] emerge from self-organizing teams.
trust them to get the job done.

11. The most efficient and effective method of 12. Atregular intervals, the team reflects on how to
conveying information to and within a become more effective, then tunes and adjusts jts
development team is face-to-face conversation. behaviour accordingly.

Table 2- The 12 Agile Principles (Larman, 2003)

2.2.3 -Agile Methods

Several Agile software development methods exisaniples of these methods are:
- Scrum;

- eXtreme Programming (XP);

- Crystal;

- Feature Driven Development;

- Rational Unified Process;

- Adaptive Software Development.

eXtreme Programming (XP) and Scrum are the mostl.usXtreme Programming

primarily focuses on development practices (like-paogramming) and Scrum focuses on
project management (Hossain, 2009a).

Since Scrum was the method used in the projeatruaalysis, the next section will

provide a Scrum method overview.

11
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2.2.4 -Scrum Overview

Scrum is the most used and spread Agile methodr(@ay 2008). It is an Iterative and
Incremental framework for the development of pradwr applications that emphasizes a set
of Project Management values and practices.

A common characteristic in Scrum is the timeboxomgctice, i.e., limiting activities to a
pre-defined amount of time. Timeboxing is appliadseveral meetings (events) defined in
Scrum. A good example is the Daily Scrum meetinigictv as a maximum duration of fifteen
minutes in order to keep people focused on the ingggtgoal and not generate additional
discussions. Timeboxing is also applied in Scrumitmjting iteration’s duration. Iterations
in Scrum are called Sprints and take from one wr foeeks. They are always of fixed
duration and therefore, they end on a specific ddiether or not the Sprint work is complete.

The Sprint starts with a cross-functional team imgetselecting customer’s requirements
from a prioritized list and committing to compldtese selected items until the end of the
Sprint. These selected items never change durBpyiat. Every day each Team gets together
in the so called Daily Scrum meeting. There, thegsent to each other the progress and
update simple charts that orient them to the remmgiwork (Larman, 2008).

At the end of the Sprint, the Team reviews the r8pwiith stakeholders and performs a
Demo of what they have built. The feedback receivaul be incorporated in the next Sprint
(Larman, 2008).

Scrum emphasizes the mean of getting a workingyatodt the end of each Sprint. In
software engineering this means an integrated esig@d code, potentially shippable to the
customer (Larman, 2008).

Development involves learning, innovation and aadles. Taking this in mind, Scrum is
driven by the “Inspect and Adapt” mind-set. Therefoshort steps of development are
followed by inspecting both the product developed aurrent practices’ efficiency and by,
adapting the product goals and process practicasinSemphasizes empirical rather than

defined processes (Larman, 2008).

12
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The figure below summarizes very clearly the ScRnactices, Roles and Work products:

ScrumMaster %

Product Daily Scrum
Cg:;’.‘omsetrs;‘Tiarll:‘and Backlog Meeting and
ei f I olders Refinement Artifacts Update
Product Owner Team iﬁwiiii
- Review
2 P Team Selects -
3—‘%‘?— How Much To = _’
- ,\‘3 CommitTo Do e -
. OX By Sprint’s End Potentially
0 = . . n No Changes Shippable Product
s Sprint Planning  Sprint in Duration or Goal Increment
10 Meeting Backlog
:; (Parts One and Two) o
T tititit
Product Ret ti
Backlog etrospective
Figure 5 -The Scrum roles, work products and events (Lari2@08)
Scrum Roles

In Scrum there are mainly three roles: Product Qyuhe Team and the Scrum Master.

* Product Owner (Larman, 2008):

His main role is to identify product features, skate these into a prioritized
feature list, select features for the next Sprintd aontinually re-prioritize and
redefine the feature list. He is responsible fer Return on Investment (ROI) and for
the profit and loss of the product. For an interapplication, typically the Product
Owner and Customer can be the same person.

In Scrum there is one and only one person who tagitial authority of Product

Owner, although it may exist other people servisgPaoduct Owner, like a Proxy
Product Owner.

* The Team(Larman, 2008):

This is the group of people who effectively implamhéhe product and provide
ideas to the Product Owner on how to improve ite Tcrum Team is a cross-
functional group (analysts, developers, designesters) who have the necessary
expertise and are committed to deliver a potegtsiiippable product in each Sprint.

It is also self-organizing and each member has gh liegree of autonomy and

13
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accountability and is not led by a manager or gepgtamanager. The Scrum Team
decides what they will commit in each Sprint an& thest way to fulfil that
commitment. The Team should be fully dedicatedht work of a Sprint, avoiding
multitasking between different products or projettsapplication groups with many
people, it is possible to be organized into mudtiSkcrum Teams each one focused in

specific features of the product. In this case n®are also known d&®ature Teams

* Scrum Master (Larman, 2008):

The Scrum Master is the Scrum mentor and coachdoleam. He is neither a
manager nor a project manager and therefore, duessnign tasks or tell people what
to do. On the other hand, the Scrum Master sehe3¢am, ensures Scrum practices
are applied, protects the Team from outside interfee and coaches both the Product
Owner and the Scrum Team in the skilful use of BcriBcrum Master does
everything what is in his competence to help tharfeo be successful. He ensures
that everyone understands and follows the Scrumatipes and helps driving the
organization through the changes required to aehéexzcess with Scrum.

Each Scrum Team should have a fully dedicated Sdvlaster. Although, it is
possible in smaller Teams that one of the team reesntlays also the role of Scrum
Master together with his role in the Team. Scrumstdaand Product Owner can

never be the same person.

Scrum Events

e Starting Scrum (Larman, 2008):

The first step in Scrum is an event where the Rro@uvner builds up the product
vision and creates a list of features where akedtalders can contribute. This list of
features is known in Scrum Bsoduct Backlog (PBL). It may also include use cases,
engineering enhancements, defects and each itena lda$ined priority. Only one
Product Backlog exists in the product developmet iaevolves over the lifetime of
the product with new items (new ideas, moves fanpetition, changes in customer
needs) and re-prioritization decisions. Items (megoents) in the Product Backlog are
also known in Scrum ddser Stories (US)
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A subset of the Product Backlog is created contgiféatures defined for the next
product release. This subset of the Product Badkl&gown afkelease Backlog

The Team provides to the Product Owner the effstimate required for each
item in the Release Backlog and the Product Owssigas a business value estimate
also to each item. With these two estimated valaed,optionally with a risk estimate,
the Product Manager prioritizes the Release Backtognaximize the ROI or to
reduce some major risk.

In Scrum it is also a common practice the use laftive estimates expressed in
Story Points (SP)instead of absolute units, like person-hours. ddth this practice
is highly used in Scrum, it is not mandatory. SRnsarbitrary measurement used to
measure the effort required to implement a UseryStbeams need to define, in the
beginning of the project, a baseline User StorycWiall of them can relate to. From
then on, all estimation should be done compardtidbbaseline User Story. As this
measure is intrinsic to Teams in a project, it oaver be compared between different

projects.

» Sprint Planning (Larman, 2008):
The Sprint Planning Meeting is a meeting that tgiase in the beginning of each
Sprint and is divided in two distinct parts:
1. Sprint Planning Part One (What)
The aim of part one is to understand What the Rib@wner wants! The

Product Owner and the Team, with the support framui® Master, go through high-
priority items in the Product Backlog, that the drot Owner is interested to
implement in that Sprint. The goals and context fiee high-priority items are
discussed, providing the Team a better idea whatt Owner thinks.

Also, in this first meeting, Product Owner and Tream review the Definition
of Done (DoD) that all items must meet in the ehthe Sprint.

2. Sprint Planning Part Two (How)

This second part if focused in the detail task piag for How to implement
the items that the Team decided to commit. The rBcrules do not require the
Product Owner to be present in the second parhefmeeting, but he must be
available, for instance by phone.

The Team selects items for the Product Backlogtistafrom the highest
priority, which they commit to finish until the erad the Sprint. This is a key practice
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in Scrum and is one of its key characteristics:Ttham decides how much work they
will commit to complete in the Sprint, instead @ving the work assigned to them by
the Product Owner.

Due to the importance of the commitment, detailedlysis is needed to
achieve success and so this meeting can take sboers.

The Team usually starts part two by estimating mouch time each member
has for Sprint related work (effective work withaueeting participation, emailing,
lunch breaks,...). Then, the Team starts with the fiem on the Product Backlog, i.e.,
with the highest priority item for the Product Owneand working together break it
down into individual tasks and record them in tloecalled Sprint Backlog. This
process repeats down in the Product Backlog itetih aih effective Team working
hours in the Sprint are filled. At the end of th&iSt Planning meeting the Team has
produced a list of all the tasks, with effort esites, that they commit for the Sprint

and the new Sprint Backlog is finished.

» Daily Scrum (Larman, 2008):

This is a daily meeting attended by the Team arwiing every workday in a
Sprint. It lasts a maximum of fifteen minutes ahd Team remains standing to keep
the meeting brief. In this meeting the Team reporeach other the progress and
obstacles. Each Team member answers to thesegiesgons:

1. What have you done since the last Scrum?
2. What will you do between now and the next Scrum?
3. What is getting in the way (blocks) of meeting tleeation goals?

There is no discussion. If discussion in neededakes place afterwards
immediately next to the Daily Scrum in the folloy-meeting. Someone in the Team
takes notes of the blocking points and the Scrunstéfais responsible to help the
Team to solve and overcome the blocking points.

The Daily Scrum is not a status meeting to a mandgstead it is the place for
the self-organizing Team to share openly with eattter what and how is going on
and to help them to coordinate and keep synchrdnize

Scrum does not recommend having managers or ofttierperceived authority in
the Daily Scrum. Team can feel monitored and preskto report major progress and
inhibited them to openly report problems. This atao have a negative impact in the

Team'’s self-management.
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» Updating Sprint Backlog (Larman, 2008):

The Team updates everyday their estimate of theuatmaf time remaining to
finish their current task in the Sprint Backlogtéfthis update, is added up the hours
remaining for the Team as a whole and a chartastqul. This chart is known as
Sprint Burndown Chart . It shows every day the new estimate of how muolrkvin
hours remains until the Team’s tasks are finishiduerefore, it shows the Team’s
progress towards their goal in the end of the $prin

It is desired that the plot has a downward trenith & trajectory to reach zero
effort remaining in the last day of the SprinttHé Team is deviating much from their
goal they have to adjust, either reducing the sampénding ways to increase the

efficiency, but maintaining a sustainable pace.

* Product Backlog Refinement (Larman, 2008):

This is a practice that typically takes 5% to 10%ttlee Team’s work in each
Sprint. The Product Backlog Refinement includekdabke detailed requirement
analysis, splitting large items into smaller onestimation of new items and re-
estimation of existing items. There are no rulesnfiScrum how the refinement work
is done. But it is recommended to be a focused simi near the end of the Sprint
where the Product Owner and the Team are fully deduwon these tasks. With this,
Sprint Planning can be simpler. This because Pto@uwmer and the Team start the

Sprint planning with a clear, analysed and cangfeditimated items.

* Sprint Review (Larman, 2008):

Happens after the end of each Sprint and is whereleam reviews the Sprint
with the Product Owner.

This is anlnspect and Adapt activity regarding the Product The Product
Owner learns what is going on with the Product énedTeam with the Product Owner
and the market. Therefore, the most important etéraethe Sprint Review is the in-
depth conversation between the Team and the PrQuuaer.

The Sprint Review includes a Demo of what the Tdas built during the Sprint.
The Demo is not a slide ware presentation, butah demonstration of the working

software of the Sprint’s build.
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The Scrum Master is responsible for knowing theidén of Done (DoD) that
was defined in the Sprint Planning. During the nmgehe is responsible to tell the
Product Owner if items implemented by the Team wid meet the DoD. This
practice increases the visibility of the work gtyalind prevents the Team to fake the
quality of the build.

In this Review meeting are present the Product @wiream members and Scrum
Master. In addition, customers, stakeholders, égpexecutives and anyone else

interested are also present.

» Sprint Retrospective (Larman, 2008):

This is a meeting that happens after the SprinidRewand involvednspect and
Adapt regarding the Processt is the opportunity for the Team to discuss tisa
working and what is not working and agree on charigery.

In this meeting, the Team and the Scrum Mastemanaved. The Product Owner
is welcome, but not required.

The Scrum Master can act as a facilitator for thlrospective, but is
recommended to keep a neutral position to faadlithte meeting. A good approach is
the Scrum Master facilitates the Scrum Team of igh&crum Master on the
Retrospective.

Team members fill what they think in the columnsh&ys working well” and
“What could work better” of a whiteboard. Repeatietns are marked to be clear at
the end what the common reported items are. Aftetsvdhe Team looks to the
related causes and agrees on a small number ofgebao be tried out in the

upcoming Sprint and reviewed in the next Retrospect

» Updating Release Backlog and Release Burndown Chafitarman, 2008):

After the end of each Sprint, some items in theeR®® Backlog have been
finished, some have been added, some have newagssitand some have been
dropped from the release goal. Product Owner igoresible to keep these changes
updated in the Release Backlog.

Additionally, there is the Release Burndown Chhat shows the current progress
towards the release date. This is similar to then8dBurndown Chart, but is related

with the Product Release.
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Scrum Values

* Commitment

“The Scrum Team commits to a defined goal for aration, and is given the
authority and autonomy to decide themselves how toesieet it. Management and
the Scrum Master commits to not introduce new wddking an iteration, avoid
directing the Team, and work to provide the resesii@nd quickly remove blocks that
the Team reports in their daily Scrum meeting. Pheduct Owner commits to define
and prioritize the Product Backlog, guide choicetlué next iteration's goals, and
review and provide feedback on the result of etaration.” (Larman, 2003, p. 246)

* Focus

“The Scrum Team has to be able to focus on thedigwals of the iteration, without
distraction. Thus, management and the Scrum Mdsters on providing the Team
with resources, removing blocks, and avoiding inteting the Team with additional
work requests.” (Larman, 2003, p. 246)

¢ Openness

“The openly accessible Product Backlog makes \@sthe work and priorities. The
Daily Scrums make visible the overall and individsgtus and commitments. Work
trend and velocity are made visible with the Bagkthart.” (Larman, 2003, p. 246)
Respect

“Or, Team responsibility rather than scapegoatihge individual members on a
Team are respected for their different strengthts vmeaknesses, and not singled out
for iteration failures. The whole Team rather thanmanager, through self-
organization and direction, adopts the attitudesofving "individual® problems
through group exploration of solutions, and is giwbe authority and resources to
react to challenges, such as hiring a specialissultant to compensate for missing
expertise.” (Larman, 2003, p. 246)

 Courage

“Management has the courage to plan and guide iadiptind to trust individuals
and the Team by avoiding telling them how to get iteration done. The Team has
the courage to take responsibility for self-direntand self-management.” (Larman,
2003, p. 246)
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Scrum Software Metrics

Measuring is an essential practice to effectiveinage and control any activity. Without
exception, it is a common practice in software regring where software metrics are
defined in order to assess process efficiency aweldped product quality. In other words,
the goals of software metrics are the identificatiand measurement of the essential
parameters that affect the software developmentgMi988).

Measurement is also included in industry standaide CMMI from Software
Engineering Institute (SEI) (Westfall, 2005). CMMEV does not specify that a project or
organization must use some specific set of metig$ that need to achieve some specific
performance target. Although, it defines that ggubor organization should have process for
development practices and define sets of GeneradsSamd Generic Practices for each of the
model’'s maturity levels. Measurement is specificaltidressed in CMMI maturity level 4,
named “Quantitatively Managed”, where is defineal thn organization and projects need to
establish quantitative objectives related to qualitd process performance. In order to obtain
quantitative information as management criteriatrit®to measure process performance and
product quality need to be defined. These metnzh guantitative information are essential
for an organization in order to evolve to maturigwel 5 where Optimization goals are
addressed (CMMI-DEV v1.3).

In software engineering many sets of product metare used and typically measures
product’s size, complexity and quality. Traditiorsaliftware development typically measures
product size with the number of Lines of Code (LQf€)the number of Functional Points.
Developed product’s quality is typically measured rheans of defect metrics, where are
considered the number of faults detected duringngghases. (Mills, 1988)
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Scrum development continuously measures both thaupt and the process to develop it

(Hartmann, 2006). Typical metrics in Scrum develepirare:

Burn Up - measuring product’s size and the velocity efdlevelopment;

Burn Down - measuring remaining work until the end of @aske/product;

Build status - measuring usefulness of produced builds,

Opened Faults - measuring overall product’s quality.

In order to measure Teams’ accomplishment ratieith Sprint it is used ti2escoped
metric. It measures the amount of work that wasneséd and planed in the beginning of
each Sprint and what was effectively achieved exetid of that Sprint.

Dubinsky et al. (Dubinsky, 2005) used four Agiletrigs in their study in the Israeli Air
Force. Those metrics presented information abautathount and quality of work that was
performed, about the pace of the work progress,adouait the status of the remaining work

versus the remaining human resources. Table 4 ggeva summary with the used Agile

metrics:
Metric What is measured How is measured
Product Size The amount of completed work The number of teshysoi
. . . The number of check-ins per day (code,
Pulse The continuous integration automatic-tests and detailed specifications
. . The number of story point still to be

The project remaining work versus the| s .
Burn-Down . developed and remaining available human

remaining human-resources

resource effort.

Faults The product’s quality The number of faults peratesn

Table 3 -Agile metrics used in Israeli Air Force project eatudy (Dubinsky, 2005).

% There were not found literature references abustScrum metric, but it was used in the projecitirdy to
measure team’s accomplishment ration in each Sprint
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2.3 -Global Software Development

In 2001 Herbsleb et al. (2001) stated in theirctabout Global Software Development
(GSD) that a steady and irreversible trend towalds globalization of business, and in
particular the software business, have been hapgeaince previous decades.

Markets are moving from national to global causingrofound impact on how products
are conceived, designed, constructed, tested divémdeal to customers (Herbsleb, 2001).

This economic pressure, together with an extrenmapetitive business environment,
forced organizations to manage new ways of impwffectiveness and efficiency as well
as increasing customer satisfaction.

These drivers lead software companies to begin rarpats with remotely located
software development and with outsourcing. Benefitdated to Global Software
Development (Herbsleb, 2001) are:

Reduce development costs by getting low laboursaastome parts of the world;

Improve time-to-market by taking benefit of the éinzone differences and
“round-the-clock” development;

- Access to a global pool of resources wherever éatat

- Proximity to the market, knowledge of customers kmedl conditions;

- Quick formation of virtual corporations and virtuedams to exploit market

opportunities.

Global Software Development is characterized bytridisted teams composed by
stakeholders from different national and organaral cultures, different geographical
locations and typically different time-zones (JaldD10). This environment face engineers,
managers and executives with huge challenges dmitad, social and cultural levels
(Herbsleb, 2001) and have significant effects ommanication, coordination and control
(Jalali, 2010). There is evidence that multisiteedepment tasks take much longer when
compared with collocated tasks and that this dedadirectly related to communication and
coordination roles (Herbsleb, 2001).
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separation and distance in GSD:

- Strategic issues;

- Cultural issues;

- Inadequate Communication;

- Knowledge management;

- Project and Process management issues;

- Technical issues.

Paassivaara et al. (2009) performed a literatwiwein 2009 on the supporting GSD

practices to provide solutions to the raised chagls. Their findings are summed up in the

following table:

Practice Name

Description

Frequent visits

Used to build and maintain trust and enhance cofktinn.
Seeding visits early in the project aim at buildanelationship.
Maintaining visits are shorter and aim at maintagnihe
collaboration.

Team members should continually rotate between aitel at leag
one team member at a time should be visiting.

Multiple communication modes

Several different kind of communication should beitable that
can also be applied in parallel, i.e., individuatlaonference
telephone, teleconference, videoconference, einatbnt
messaging, Wiki and desktop sharing

Mirroring/ balanced sites

Reduce the dependency between sites.
Each role in a team at one site has a counterpaheother site.

Ambassador/ rotating guru

Experienced engineers are sent to the other sit lfnger period
of time.

Ambassadors report lessons learned and set furetidns for
the projects.

Rotating gurus provide initial training and mentgrito the other
site.

Synchronization of work hours

Maximization of overlapping work hours to ensur@stant
communication.

For example, early morning shifts for one site kel evening
shifts for the other site.

Table 4 —Supporting GSD Practices (Paasivaara, 2009)
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Some of the different terms used in the GSD ar¢ described (Jalali, 2010):

Outsourcing (offshore/onshore outsourcing): an external corppamesponsible
for providing software development services or picid to a client company. If
the subcontracting and client companies are locatgde same country, this is
known as onshore outsourcing. If they are locatedifferent countries is known
as offshore outsourcing.

Offshoring (offshore insourcing): a company created its owoftweare
development centres distributed by different caastto handle their production.
Nearshoring:  similar to Offshoring, but the companies distributikeir
development centres over nearby countries normshlying a border.

Distributed team: team members are distributed over different looat and
work remotely on different parts of a project, witr without face-to-face
interactions.

Co-Located team A team together in the same team room. A teankiwgrin

the same city is not classified as “co-located’rthan, 2010)

2.4 -Distributed Agile Development

Agile Development gained recently interest due t® flexible approach managing

requirement’s volatility, promotion of a close @ilbration between customers and

development team, and early and frequent delivepraduct releases (Hossain, 2009a).

There is also a growing interest in applying Agieethods in Global Software

Development to boost the advantages of both appesa@iossain, 2009a).

But, as seen in the previous topic, distributed ettgwyment raises huge challenges

regarding communication, teamness, cultural diffees and time-zone differences. How can

Agile methods be applied in distributed developmemtjects being Agile based on open,

constant and face-to-face communication, on arrnméb process and self-organized teams?

How can Agile principles like:

Business people and developers must work togetibrttiroughout the project;
The most efficient and effective method of conveyinformation to and within a
development team is face-to-face conversation;

Build projects around motivated individuals. Giveem the environment and

support they need, and trust them to get the joledo

be applied and followed in distributed development?
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Ramesh et al. (2006) performed an analysis aboabrdhical characteristics of
Distributed and Agile Development. They providedoaerview of differences and potential
conflicts between both development practices, mgigjuestions on potential challenges to be

faced Author’s analysis is next presented in Table

Distributed Development Agile Development

Communication need vs Communication impedance *

Distributed development is based on formal . . .
) . ; . - Agile development is based more on informal
mechanisms like detailed architectural design apd

o . interactions than explicit documentation.
plans addressing impediments to team
communication due to geographical separation.

=)

“How can we achieve balance in formality of comneation in Agile distributed environments?”

Fixed vs Evolving quality requirements

On the other way around, Agile development relies
Distributed development typically relies on fixed|, on ongoing negotiations between development
upfront commitments on quality requirements. | team and the customer for determining the
acceptable levels of quality at various stages of
development.

“How can we achieve a balance between the fixedearudving quality requirements?”

People vs Process-oriented control

On the other hand, Agile development is more

In Distributed development the control is normall . ) ; .
. - eople-oriented and the control is established i} a
achieved by defining formal processes. :
more informal process.

“What would be the appropriate balance between peapiented and process-oriented control in Agile
distributed development?”

Formal vsInformal agreement

Distributed development relies on explicit target
milestones and detailed specification of
requirements.

Pin Agile development the contracts are loosely and
informally defined.

“What is the appropriate level of formality in déoping contractual agreements in Agile distributed
development?”

Lack of team cohesion

In Distributed development with the distribution

over different sites participants are less likely t In Agile development these problems are even

perceive themselves as part of the same team when .
. L : more pronounced as these methods emphasizgs
compared with co-located participants. This

generates lack of cohesiveness and shared vie %?nstant cooperation on all aspects of the projett.

the goals.

“How can team cohesion be improved given the cairs$rof a distributed environment?”

Table 5 —Distributed Development vs Agile Development (Rame006)

4 Communication Impedance expression is used to teéecommunication resistance in dynamic enviramse
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2.4.1 -Hossain and Jalali Research Studies’

With the growing interest in Agile methodologiesdaGSD, a significant number of
studies in this area were published (Jalali e€2810) refer to 77 and Hossain et al. (2009a)
refer to 20) reporting real-life empirical caseditis and industry reports.

The information is not available under a consist@md systematic way. In the recent
years there have been efforts with systematicalitee reviews to summarize and consolidate
the information published in the last ten yearsoTexamples are the systematic literature
reviews from Jalali et al. (2010) and Hossain e{(2009a) on the theme of the applicability
of Agile methods in GSD projects. Both reviews daled the same guidelines to conduct a
systematic literature review defined by Kitchenhana Charters (2007). Jalali et al. (2010)
review was conducted for all Agile methods appliedsSD while Hossain et al. (2009a)
focused their review specifically on Scrum metho@iSD.

Jalali et al. (2010) systematic literature reviamed to summarize the existing literature
and to investigate which Agile practices have based in a GSD context. Authors have
provided the scientific community with an overviefthe status in the area, highlighting the
gaps. Their review tried to answer these two qaesti

1. What is reported in the current peer-reviewed reskediterature about the Agile
practices in GSD?

2. Which Agile practices, in which GSD settings, unadich circumstances have
been successfully applied?

Hossain et al. (2009a) review goal was to explangestigate and explain various
challenging factors as well as current strategiesddress those challenging factors. Authors
restricted the study to the use of Scrum in GSDe Téview tried to answer the broader
guestion:

1. What is currently known about the use of the Sgtantices in GSD projects?
and more specifically to the following two queston

2. What challenging or risk factors restrict the usé Scrum practices in globally

distributed projects?

3. What strategies or practices are being commonlygueedeal with these challenging

factors to support the use of Scrum practices abally distributed projects?

Next will be presented and analysed the conclusieashed by Jalali et al. (2010) and

Hossain et al. (2009a) in their reviews.
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Growing Interest
The applicability of Agile methods in Global SofteaDevelopment is not yet well

investigated (Jalali, 2010) and is still an opehade whether or not they can be successfully

applied in distributed environment (Hossain, 2009a)
The interest in this theme has been increasing threerecent years. Hossain et al. (2009a)

in their literature review have found an increasmgnber of articles from 2005 until 2008

(Hossain article was written in 20p%ummarized in Table 6.

Year | 2003 | 2004 | 2005 | 2006 | 2007 2008 2009

papers 1 1 1 3 4 9 1
%o 5% 5% 5% 15% | 20% 45% 5%

Table 6 —Hossain’'s selected papers about Agile in GSD by (ldassain, 2009a)

Jalali et al. (2010) also came to a similar corolusabout this growing interest. The
authors have described in their study the numbertidles related with the theme coming
from different sources, as presented in Table Zait also be seen that 2008 was the year

with most published articles and that there wagmifscant increase during the last five years.

SR ERERERE R

Y (g\] (g\] (o] [g\] (g\] (g\] (g\] [g\] (o] (o)}
ACM 2 12 |3 2
IEEE 1 |2 |1 12 |6 |15 19
Compendex | 1 2 4 4 12 |2
Inspec 1 |5 |1 |3 [2 |1
AlS |
Total 0 0 0 1 2 10 [6 |12 |13 |20 |13

Table 7 —Jalali selected papers about Agile in GSD by yedrsource (Jalali, 2010)

It was also verified in both studies that the iegtrin Agile practices in GSD started
around 2002/2003.

Research type
From the articles analysed by Hossain et al. (2D@9sas found that only 20% of them

were empirical studies. The rest of the 80% weasgified as “lessons learned” or industrial
experience reports. Thus, Hossain et al. (2008agladed that there is little evidence based

on empirical reports about the use of Scrum in GSD.
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In Jalali et al. (2010) study was verified that thajority of the studies in literature were
in the form of experience reports (Figure 6), ar.the personal experience of practitioners
about a particular issue and the method to addtes&lthough experience reports are
valuable, the authors concluded that there is tdavaluation research where more rigorous
research methods and literature reviews are retjuirevas proposed a close collaboration
between academia and industry where the reseamthigpa@lone on academia and data
collection done from real industrial cases. Jatlal. (2010) recommend future research in
this theme to follow the guidelines presented bieRen and Wohlin (2009) to structure the
context for empirical industrial studies.

In contrast with Hossain et al. (2009a) study, |Jataal. (2010) have analysed 77 articles,
being 60 of them (78%) empirical studies (Figure B)is can be an indication that in the
broader theme of applying Agile in GSD there is enempirical evidence than in the more

specific theme of applying Scrum in GSD.

Evaluation @ @ @ @ @
Validation @ @ @ @

Solution @ @ @ @ @

Philosophica @
e |+@ D O (D)
oo O ©-®

2002 2003 2004 2005 2006 2007 2008 2009

Figure 6 - Jalali distribution of research types over the dd¢ears (Jalali, 2010)

Project Characterization
Hossain et al. (2009a) verified that most of thickas reported projects using Scrum

practices in distributed development environment iotra-organizational multinational
companies. Projects used mainly two sites, withentban two Scrum Teams and more than
twenty five persons per Team. Most of the projéated the challenge of not having overlap
working hours, although several reported cases Isme overlap working hours. The
majority of the project were of Web developmenthaligh it was also verified a significant

diversity on other areas.
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Table 8 shows the detailed numbers about proje¢egosazation presented by Hossain et

al. (2009a) in their literatu

- a Scrum Case Study -

re review:

Collaboration Mode Intra Organizational 16
Inter Organizational 4
Number of Sites Twe 15
Three 5
Three+ 0
Number of Teams Two &
Twot 12
Unclear 2
Team Size Up to Twenty Five 5
Twenty Five+ 10
Unclear 5
Time differences No overlap time 10
Overlap time 8
Unclear 2
Application domain Web 7
Oil and Energy 1
Library 1
Logistic 2
Public safety 1
Airline 1
Commercial 2
Business service 1
Finance 1
unclear 3

Table 8 —Hossain studied distributed Scrum project categtion (Hossain, 2009a)

In Jalali et al. (2010) review was verified that sh@f the studies claimed applying
“Agile” in projects as a general term, not alwapedafying exactly which Agile method was
used. From the ones that have specified, ScrumXé&dere the most common used ones.
Regarding the team/organization setting in GSD veagied that “distributed team” was the
most common, followed by the “Offshore” setting.tBsome of the studies did not specify
any organization setting. These findings from Jaddl al. (2010) revealed incomplete
contextual and background information making ifidifit to achieve solid conclusions from
the studies in the literature. Figure 7 presertdit al. (2010) findings on mapping of Agile
and distribution type.

Unclear

®
O

Open source

Qutsource

Offshore

Virtual Team

Distributed
Team

Agile Scrum XP Pair Programming Lean Mixed

Figure 7 - Jalali mapping of Agile practices and distributigpes (Jalali, 2010)
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From the included studies by Jalali et al. (2018)0Avere empirical studies, where 63%
of them where written by industry practitioners%@3dy academic researchers and 5% by
joint industry practitioners and academic reseasch&2,5% of the empirical cases reviewed
claimed success in applying Agile practices in GStigure 8 presents a graphical
representation of the number of successful an@dagrojects according to the research

method.

Non Empirical = 17 | Empirical = 60 |
L 4
‘—| ¥ ¥
Industry =1 || Academic=15 || Mixed=1 Industry = 38 | Academic = 19 ‘ ‘ Mixed = 3 |

tp

| Failure = 1 | { Failure =1.5 [
I NA=1 | NA=7 \
Success = 36 | Success = 10.5 | | Success =3 |

Figure 8 - Jalali number of success empirical studies on AigileSD (Jalali, 2010)

From the successful case studies, Jalali et alOR@lentified the applied practices and

their frequencies, summarizing this informatioritia following figure:

continuous integration
standup meetings
pair programming
retrospectives
scrum of scrums
TDD

sprint review
backlog
automated testing
planning meeting
short iteration
proxy customer
spritn demo

sode standards
refactoring
burndown charts
virtual scrum wall
unit testing
planning game
close collaboration
system metaphor
instant messages
user stories

code reviews
acceptance tests
feature driven dev.

e
~
a
@
o

10 12 14 16 =

Figure 9 —Jalali Agile practices in reviewed studies on AgilésSD (Jalali, 2010)

It can be seen from Figure 9 that continuous imtiégn, daily stand-up scrum meetings,
pair programming and retrospective are the mogjuiat practices. Jalali et al. (2010)
verified that several practices were reported @liierature, but in many cases it was unclear

which Agile method has been used or, on the otrer around, some claimed to be Agile,
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but few practices were referred to be used. Thezetdso here authors have doubts about the
reliability of the reported results.

The success cases were also analysed to get irnformabout the main project
characteristics like size, duration, domain andvdedge area. As can be verified in Table 9
the most common project characteristics were Bistieid team, in long duration projects, on a
small or medium size project. Also here is visitile lack of documented information about
the context and project/organization settings tesuin a significant large number of unclear

cases.

Distribution Global?
Distributed team |[[[[[[[[INIINIIN |Yes R R ARRRRTRE TRTARIAT
Offshore RRTREY No |+
Outsource T Unclear TN
Virtual team |
Open source |
Unclear Il
Duration Size
Long (T Large 111
Medium 11 Medium 1111
Short Small IME
Unclear T Unelear (I
Knowledge Area Domain
Requirement 1B Web i
Design 1 Automotive |
Construction (] Service |
Testing Il Embedded |
SE Management ||]|[| Telecom [N
SE Process I Real time |
Maintenance Il Commercial |
Tools & methods || || Business critical ||
Unclear R RERETRA] Finance |

Unclear (I

Table 9 —Jalali summary of reviewed project’s characterss(italali, 2010)

Jalali et al. (2010) considered the classificatbproject size and duration as:
. Small <= 20 person < Medium <= 50 person < Large
. Short <=1 month < Medium <=7 months < Large
and the specification of the knowledge areas base8WEBOK (Abran, 2004).
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Limitations of the reported studies
Jalali et al. (2010) concluded that the contextdetails of many of the reviewed

empirical studies were insufficient, recommendirgearchers to design and use a template
for documenting the contextual information whicmt too detailed nor too abstract. It was
also stated that industrial experience reports atiyndid not include related work and do not
reference literature.

Hossain et al. (2009a) clearly came to the conafuttiat there is the need to increase the
guantity and the quality of empirical studies ie tirea in order to describe, evaluate, explore
and explain the use of various Scrum practicesSD @ractices.

Therefore, literature presented lack of details uhbprojects and their contextual
environment as well as about methods used, in dadachieve solid conclusions about the

applicability of Agile methods in GSD.

Applicability of Agile in GSD

Hossain et al. (2009a) verified that most of thaewed studies claimed some degree of
success in applying Agile in GSD, but despite efsthreports, the mechanisms of combining
Scrum practices in GSD were not well understooc Siccess may be impacted by several
contextual factors of the project. Studies have cmtsidered the impact of factors like
budget, complexity, criticality, team experiencedd@me constrains among others. Therefore,
authors conclude that successful use of Scrum iB @@y be limited by several project’s
contextual factors.

Jalali et al. (2010) stated that there is no sidfic evidence to conclude that Agile is
efficiently applicable in large distributed projeciTheir conclusion refers that although there
were some studies reporting experiences in largegts, not all the contextual projects were
clearly reported.

Although the interest and the number of studiekliphed about applying Agile in
GSD has clearly increased in the last few yeamsethis still no clear evidence and solid

conclusion about its complete success.
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Challenges Faced
Jalali et al. (2010) verified that there are stk a sufficient number of studies analysing

the challenges of applying Agile methods in GSDollRFms and challenges in GSD or in
Agile are documented, but the combination of batmat enough examined in real world
situations. Therefore, their conclusion was thatrehis the need for in-depth studying of
challenges and benefits of combining Agile and Gisihe form of evaluation research.
Hossain et al. (2009a) verified that a number ddlleimging factors impact the GSD
communication, coordination and collaboration pesceThese factors were caused by the
temporal, geographical and socio-cultural diffeeshadue to the project stakeholders’
distribution. Challenges related with communicatwere identified as vital and the cultural
differences between the distributed team can hagaifisant impact on the team’s
collaboration process. Managing a large Team Uigied over different sites is quite
challenging and the lack of tools and insufficigritastructure support can be an obstacle to

the Scrum practices in GSD.

Strategies and Extensions to the Agile practices
Jalali et al. (2010) refer in their conclusionsttiathin many of the reviewed studies

Agile practices have been customized and a modifiedhors strength the need for further
investigation where modifications are well studiacrder to provide guidelines on how to
adapt the Agile practices. Additionally, it sholld determined how much change is allowed
so that it is still recognized as Agile practicesa3SD.

Hossain et al. (2010) concluded that Scrum Teares aelditional strategies suitable to
their environment in order to support the use afrfSin GSD. Distributed Scrum Team may
choose different Scrum Team models to reduce @t distribution challenges. In order to
carry out several Scrum meeting practices somelagveéime between distributed Teams is
necessary.

If no overlap time is possible distributed Scrunams may use some practices like:

- synchronized work hours;

- local Scrum;

- additional local meetings;

- strict communication policy;

- key persons attending all distributed meetings;
- reducing number of Scrum meetings;

- asynchronous retrospective, among others.
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Team collaboration can be enhanced by introduedditional practices like:
- team gathering;
- exchange visits;
- informal meeting of distributed Team members;
- mandatory presentations;
- maintaining key documentation; and

- gradual Team distribution.

Multiple modes of communication can also be appliedrder to reduce the lack of
communication bandwidth and tools. Distributed &triieam needs as well to be supported

by several tools for project management, backlogagament and tracking issues.

Hossain Conceptual Framework
Hossain et al. (2009b) went a step further andedas their findings in the systematic

literature review, proposed a conceptual framewaddressing the key challenges and
mitigation strategies when applying Scrum practioeSSD.

The conceptual framework categorizes the identi@ibdllenges in seven broad classes.
For each of them, describes the current strategidsome practices reported in the literature
to address those challenges. Authors intended tivtiframework to synthesize information
and help GSD Project Managers to understand thaigky that may have negative impact
when using Scrum practices.

The Hossain et al. (2009b) conceptual frameworkrésented in the below Table 10:
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Some Practices

Asynchronous

Synchronized

- Adjust working hours between distributed sitesupport distributed Scrum meetings

Work Hours

- Allow distributed Scrum team members to atten@tings from home (e.g. by phone)

Reducing Scrum

- Strict time boxed short meetings (e.g. thirty utés planning meeting rather than longer)

Meetings
Length - Prior asynchronous work (e.g. backlog preparati@iore attending meetings
Site Based | - Scrum of Scrums meeting practices attended by 8atum team key touch points
Local Scrum . . o " )
team - Establish multiple communication channels (edglittonal architectures Scrum of Scrums)

- Additional site based morning “mini Scrum” aftate night distributed Scrum meetings

- Only key members rather than whole site membiges@ in late distributed Scrum meeting

Modified Scrum
Practices

- Reduce distributed meeting frequencies e.g. &glyim meeting twice in a week

- Asynchronous Scrum meeting by posting meetinglt®en wiki or emailing meeting minute:

- Sprint demo is conducted by only onshore teaosglto customer)

- Distributed Scrum teams perform few initial spsiim a single location as collocated teams

Team Gathering

- Scrum teams gather quarterly or annually for fiys and perform some meetings

- Gradual team distribution e.g. through evaluatiooeption, transition, steady state stages

- Product owners frequent offshore visits

es

ity

Visit - Scrum management involvement in offshore kicknoéfeting
- Planned rotations between distributed Scrum tewmbers
Additional - Leadership meeting for example “unified planningeting” attended by Scrum masters
Distributed - Unofficial distributed Scrum teams QA or architees meetings
Lack of Group Meeting
Awareness - Distributed Scrum team members socializing faregle virtual party or internet games
- Initial Scrum training to reinforce the value®érum
Training - “Technical Scrum” attended by distributed sitey knembers to clarify new technology issu
- Product owners quarterly or even annually prodoatl map meetings
Key - Maintaining valuable documents e.g. supplementsgy stories with use cases in backlog
Documentation | . Extensive use of collaborative tools for examysng Wik to discuss development issues
Ml\j“d?m"y - Distributed Scrum team members mandatory pretenta meetings (e.g. Scrum demo)
eeting
Participation | - Distributed Scrum team members encouraged tdge@dditional information in meetings
Poor Multiple - Continuous network monitoring by a dedicated asfructure team to ensure qual
Communication = communication | transmission
Bandwidth Modes - Ensure wide range of communication tools suitablée network infrastructure
) - Ensure sufficient skills and effective tools tgport Scrum processes
Lack of Tool Proactive ) - o .
Resource - Ensure wide range of collaborative tools e.germise wikis to support team collaboration
Support Management ; ;
- Ensure globally accessible product backlog, $jrétklog and burndown chart
- Build autonomous sub teams that are capableinf \Bcrum processes
Large Number i h sub llocated independent artTaésub
- Split Large - Each sub teams are allocated independent a subsystems
of Project T
eam - Sub teams based on feature
Personnel
- Sub teams based on function
- Ensure Scrum team members are located in a sioghe
Lack of Single Room | - Try to arrange split team members in a singleéroo
Collaborative - Virtual single room (for example using dedicatedm wiki) for a distributed Scrum team
Office - Ensure separate meeting room for each distribsitedvith necessary network and tools
Environment Dedicated

Meeting Room

- Try to make distributed team members visible irugh meetings e.g. use a video projector

- Use virtual conference room for a distributedudtteam

Increased
Number of Sites

- Form autonomous local Scrum team and allocatepeddent architectural sub systems

Site Based - Scrum of Scrums practice for inter-site team cemitation
Scrum Team
- Scrum of Scrum of Scrums practice for a large Ineinof Scrum teams involvement
Restricted
Scrum Team | - Maintain team distribution policy e.g. Scrum tewiiti not be distributed more than two sites
Distribution

Table 10— Hossain conceptual framework (Hossain, 2009b)
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As described above in the systematic literaturéere\conclusions, there is low evidence
in the literature about the challenges in apply@mgum in GSD. Also, there is lack of detail
in the studied project’s characteristics and cantéRerefore, Hossain et al. (2009b) do not
claim having developed an exhaustive list of congode identifying all the challenges and
corresponding strategies to address them. Othenework’s limitation stated by authors
was concerned with the fact that it was based errgkiiew of only twenty studies identified
in the systematic literature review.

As future work, Hossain et al. (2009b) plan to cwmusly modify the proposed
framework based on literature findings as well asducting multiple in-depth industry-
based case studies in real life settings.

Therefore, the conceptual framework proposed byshioset al. (2009b) is currently not
complete, but is a first approach to consolidate synthesize the issues in applying Scrum
practices in GSD and should be subject of futu@wton with further investigation of real

life industry project.

2.5 -Literature Review Conclusions

The interest in the theme of applying Agile praesian Global Software Development
has been increasing over the recent years. Themgowmber of reported studies since 2002
and especially in the last five years is an evidemut, although there is this growing share
of knowledge, the information is spread and notig®d in a systematic way.

There were efforts in the last two years to comag@tand consolidate the information
available in the scientific community about the laggbility of Agile practices in GSD with
systematic literature reviews.

From these literature reviews it was seen thanthrity of the articles in the literature
are industrial experience reports and that thelacis of evidence based on empirical reports.
It has been proposed more evaluation research where rigorous research methods and
literature reviews are required.

Within the articles in the scientific community theis a significant number reporting
success in applying Agile methods in GSD. But isvedso concluded that there is lack of
details about the projects studied and their cangxenvironment which do not allow
achieving solid conclusions about the successfpliebility of Agile methods in GSD.

Although the information in the literature does e&haustively identify the challenges in
applying Agile practices in GSD and the strategeesddress them, Hossain et al. (2009b)
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have proposed a conceptual framework. There, auttaiegorize the identified challenges in
seven broad classes and, for each of them, desbebeurrent strategies and some practices
reported in the literature to address the challenge

Despite this conceptual framework is currently womplete, it is the first approach to
consolidate and synthesize the information and @vda subject of evolution in the future
with more real life industry project investigation.

After this literature review, it can be concludéatt there is still a lot of research to be
performed in order to fully understand how Agile tha@s can be efficiently applied to
Global Software Development. Regarding the therme{®rtance and its growing interest it
was expected that scientific knowledge would beeanity more advanced and consolidated.
This dissertation may contribute for the improveimen this research area by providing a
structured description of the case study contexirenment as well as to validate, and
possible extend, the proposed conceptual framewgrkiossain et al. (2009b) within the

project reality in.
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3 - Case Study

In this chapter the case study will be describetliresults and conclusions presented.

This chapter starts with the case context desoripti order to frame the environment of
the project. It continues with the description lo¢ tScrum practices used in project together
with the support and communication tools available.will be also presented the
development performance evolution along the prdpgcanalyzing several metrics collected
during the study. In the section “Challenges angddiment” semi-structured interviews’
results will be presented and analyzed. This chapténalized with the overall case study
conclusions.

Complementary and additional details about theystadults can be found in Annex A to

Annex E.

3.1 - Case Study Context

In this section, the studied project’s context W&l described.

Starting with a description of the organization wéh¢he project was being held, the
section continues with the description of the paiddeveloped and its target market. A
description of the project organization, togeth&hws scaling along the project duration, is
performed in order to provide a good support owwof the project evolution and the study

context.

3.1.1 -Organization

The company where this case study was performedgkebal corporation following a
matrix-organization schema. The product was beimyetbped under a Research &
Development unit that included also Program Managgrmand Product Management teams.
As a global corporation, organizational units weistributed globally over different sites.

Agile methodologies, in particular Scrum, were gr@aty introduced in the company
during the last four years. Until then, waterféié Icycle was mainly used in development
units. An interim period was used to run pilot Suarprojects and to evolve projects from
plan-driven/waterfall to Scrum (vision-driven/inéetive). Today every new project is

managed using Scrum methodologies from the beginnin
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The project under study in this dissertation sthiteSeptember 2009 and, from the very

beginning, Scrum methodology was applied.

3.1.2 -Product

The software system developed by the object ofystmds an information system for
network management developed under Java programiamguage. It was a market-driven
product, i.e., with no customer identified at tleginning and trying to conquer the market.

The product was an evolution of a previous systemsign, but with a complete new
architecture and market target. The long termesgsator this product was to build a multi-
layer, multi-technology and multi-domain producturgntly, exists in the field different
platforms for different technology network elemeni®he new product target was to
concentrate on a single platform the managememiuttiple technology network elements.

The product architecture was divided in three diffé components distributed over
several development units. It was being developedra off-the-shelf product, i.e., was a
general product for the market, although considefreth beginning, customization facilities
for potential costumer adaptations.

The product development started in September 20@9waas still in its first version.

Therefore, it was a young maturity product tryingeéach new potential customers.

3.1.3 -Market

The target market segment for this product is maflecustomers with complex
Telecommunications systems requiring efficient Brahd network management.

There was a significant investment in a new prodieselopment starting project with no
customer identified. It was a market-driven produyging to enter in the market and conquer
new customers. During the project two potentialtauners were foreseen, one with an
expected deliver at end of April 2011 and the otltesnd of August 2011.

In McFarlan’s (McFarlan, 1984) portfolio matrix shproduct is positioned in the “High
Potential” quadrant. It was a product with a ptgnhigh value in future customer’s
competitiveness and network management costsesffigi due to its capability of managing
several network technologies on a single platfdtnaas not essential in current customer’s
network management as there exists in the fiefémiht platforms for each different network

technology.
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High  Value to the business of existing applications  Low

Figure 10 Product’s positioning in McFarlan's portfolio matri

In terms of constrains, the company was developipgoduct in a market segment where
already exists concurrent product offers with samilargets and features. Also, significant
constrains related with the company itself haduefice in the project. Company was
crossing a strong budget restriction period andaimmal costs control, focused to deliver

good financial results.

3.1.4 -Project Organization

In total, at the end of the project, there wereolwgd in the product development 181
people: 23 Scrum Masters and 158 Team membersibdistd over four countries and six
different sites.

Focusing on the unit of analysis, Component 3,etheere involved, at the end of the
project, 113 persons: 12 Scrum Masters and 101 Teambers distributed over 14 Teams in
four different sites at three countries. The maevalopment site was Portugal Site 1.
Additionally there was another site in Portugalispbne in Poland and another one in India.
Portugal Site 1 had five Teams and Site 2 only Beem. Poland site had seven Teams and
India site one Team. All Teams had typically eijl#dam members each and one Scrum
Master could be associated with more than one Tédhmembers of a Team were co-
located in the same site, i.e., there were no Teaitls members distributed over different
sites. The Poland site was an external consultamipany contracted temporarily for this
specific project.

Time zone difference between Portugal and Polansl +dahour and with India +5:30
hours (or +4:30 hours in summer, because India dog¢shave Daylight Saving Timg

Poland site had -1 hour difference towards Portagal +4:30 hours (or +3:30 in summer)

® Daylight Saving Time (DST): practice of advanciigcks’ time by one hour during the summertime. Blbt
countries apply DST, which is the case of India.

41



Applicability of Agile methodologies in Global Sefare Development Projects
- a Scrum Case Study -

towards India. Therefore, inside Component 3, tleximum time zone difference between
sites was 5:30 hours (or 4:30 in summer) differdretsveen Portugal and India. Considering
all product components the maximum time zone difiee was 7 hours between Portugal and
China. The two sites in Portugal were separatearbynd 250Km distance from each other.

Component 2 had its development unit concentrateltidia with 19 persons: 3 Scrum
Masters and 16 Team members distributed over 3 $e@uwmponent 1 had its development
unit concentrated in China, but divided in two sit®©ne of these sites was an external
consultant company. There were 49 persons: 8 Sdvlasters and 41 Team members
distributed over 9 Teams.

Table 11 provides a complete view of Team anddig&ibution in the project.

Site/Team Distribution
Sites Teams People lime Zone [TimeDifference at 10AM
Portugal (10am):
qutUQal 5 Teams 3 SM + 35 TeamM r gal ( " )
2 sites GMT+0 in Poland it's 11am
-inIndia it's 15h30
1 Team 1SM+9 TeamM -in China  it's 17h00
Poland Poland (10am):
X - in Portugal it's 9am
Out:
utsourcing 7 Teams 7 SM +50 TeamM GMT+1 inindia it's 14h30
-in China  it's 16h00
India GMT+5h30 Ind:: élr?:g)él it's 4:30am
1Team 1SM+7 TeamM (no DST) -in Poland it's 5h30am
-in China__it's 11:30am
Totals [14 Teams 12 SM + 101 TeamM = 113 Persons
N
c India (10am).
() . GMT+5h30 - in Portugal it's 4:30am
g India 3 Teams 3 SM+16 TeamM (no DST) -in Poland it's 5h30am
o -in China it's 11:30am
S
o
O Totals |3 Teams 3 SM + 16 TeamM = 19 Persons
—
= 4 Teams 3 SM + 18 TeamM China (10am)
O [China GMT+7 - Portugal it's 3am
g 2 sites - Poland it's 4am
o 5 Teams - India it's 8:30am
E (outsourcing) 5 SM +23 TeamM
o
O Totals |9 Teams 8 SM + 41 TeamM = 49 Persons

TOTALSs 26 Teams 23 SM + 158 TeamM = 181 Persons

Table 11 -Site and Team distribution in the project

Table 12 presents the project’s business prodeet. arhe overall product management
was shared by two persons in Germany, i.e., thea® mot a single product responsible, this
responsibility was shared. Under this product mansmnt team, product had three Product
Owners (POs) managing each one its own Productl8aassociated with each of the three
product components. This means that the overaltlymohad three single independent

Product Backlogs managed by three Product OwnesituAtion that was against the Scrum
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theory which says that only one Product Owner and Broduct Backlog should exist
(section 2.2.4 -). These three Product Owners Veeaged in Finland, Portugal and Germany.
Under these Product Owners, there was a group @& Rroduct Owners (APO) managing
sub-parts of each Product Backlog related withexi$ip requirements area. In Component 3
case, there were two Area Product Owners locate@dmany. To support these Area
Product Owners there was another group of Proxy A®duct Owners (PAPO) performing
the bridge to the development Teams. Componentd3tlia Proxy Area Product Owners,
one for each Area Product Owners and both werdddda Portugal Site 1.

PO APO PAPO
G APO PAPO Teams
= ermany Germany |Portugal
D >
£ 5
SE|
[} =
g 0} 2 PO APO Teams
QS o 2 |Portugal |India
=5]| §
— P O
S8
S~ | APO
Q = China
= g [PO APO Teams
2 |Finland India
E APO
© Finland

Table 12 -Product Owners organization in the project

3.1.5 -Project Scaling

Table 13 presents the Component 3 project scatingumber of Teams and sites along
the project duration.

The Sprint number used in the project was a segevntek count number starting ofi 1
January 2008. Therefore, Sprint #101 means it tmernd on week number 101 sincg 1

January 2008The difference between consecutive Sprint numbeessghe Sprint duration

in weeks.
Team Evolution
#Teams |[Sites Sprint# Bprint End Date
2[1PT1+1PT2 101 03-Dez-2009
2PT1+1PT2 107 14-Jan-2010
6[5 PTL+1PT2 135 30-Jul-2010
9|5 PT1 +1PT2 + 3 Pol 137 13-Ago-2010
11[5PT1+ 1 PT2 + 5 Pol 148 29-Out-2010
13|5 PT1 + 1 PT2 + 7 Pol 151 19-Nov-2010
14[5PT1+1PT2+ 7 Pol + 1 Ind 157 03-Jan-2011

Table 13 -Team number evolution along the project (CompoBgnt

43



Applicability of Agile methodologies in Global Sefare Development Projects
- a Scrum Case Study -

Figure 11 presents a chart with the Team numbdugwen over the project duration for a

visual understanding the of the project scaling.
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Figure 11 -Team number evolution along the project (CompoBgnt

The overall product development project startecbeptember 2009. As it can be seen in
Figure 11 chart, Component 3 finished its firsti®p(#101) at the end of November 2009
with two Teams involved, one at Portugal Site 1 tiredother at Portugal Site 2. A new Team
in Portugal Site 1 started on January 2010.

In May 2010 business team and management decidedrease the number of product
development people in order to speed up the proglease for a potential customer that in
meantime was being foreseen. In Component 3 it deasded to increase the number of
developers in Portugal Site 1 and to subcontraadernal consultant company in Poland.
Between May and June it was setup a period ofitrgiand knowledge transfer where the
experienced people in Portugal site 1 coached ¢e people, including some people from
Poland site. In order to allow a smooth integratérthe new people and knowledge spread
over all Teams, the experienced two initial TeamPBartugal site 1 were split over five new
Teams together with the new coached people. The sategration strategy was applied in
Poland, where people trained in Portugal were spbt the three new Teams and new people
were integrated.

As detailed in Table 13 new people in Portugal Sitetarted being productive on July
2010 (Sprint #135). Poland site started in Sprit87on August 2010 with three Teams and
kept increasing, being five Teams in October 20%Qri(it #148) and seven Teams in
November 2010 (Sprint #151).
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In order to improve the communication with Compadn2nn India, it was decided to
create there a new Team for Component 3 there eldrer on January 2011 a new Team in
India was formed to work in Component 3 and keefpaer communication with Component
2 Teams.

In the beginning of March 2011 it was decided, asibess level, to perform a product
roadmap re-planning. The product scope was sigmifig reduced and released resources
were shift to other business areas with expectsiifaeturn on investment. With this scope
reduction and resource relocation, it was decidedotlocate the overall product (the three
components) in Portugal Site 1. This huge changeganization and product remapping led
to a new period of knowledge and development enuient transfer towards Portugal Site 1
that lasted for 2 months until the end of April. #gginning of May, due to business priorities
re-planning and strong cost reduction pressurethandusiness and management decision
was taken in order to completely freeze the prodimtelopment. These business and
management strategic decisions along the project wen-disclosed decisions and out of
this dissertation scope.

An important remark is that the case study covéxethis dissertation refers only to the
period until when the project was distributed oveultiple sites, i.e. until February 2011
(Sprint #163).

Checking Team number evolution in Figure 11 chasd Verified that in around one year
was an increase from two to fourteen Teams invoivethe project, and from two sites in
one country to four sites in three countries. dh @lso be verified that around half of the
project duration were involved only three Teams.t@mnother half of the project was verified

an increase to fourteen Teams, i.e., an increaskeeén Teams.

3.2 -Scrum Practices

Section 2.2.4 - presented a theoretical Scrum mdeth@rview, describing its Roles,
Events and Values. Figure 5 supported this desmnipivith a complete Scrum method
diagram.

Now, in this section will be presented how Scrumacpices were applied in the project as
well as challenges faced due to geo-distributioer alifferent sites. All information in this
section refers only to Component 3 project. Furttietailed information on the project’s
Scrum practices can be found in Annex C. A sumntanle of the project's Scrum practices

next described is available in Annex D.
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3.2.1 -Sprints

Project started with three weeks Sprints, withoutchronization mechanisms between
components. Latter, management decided that Spviosld last for two weeks with
synchronization mechanisms between the three coempen These two weeks Sprint turned
out to be not very productive for the project. Sfwisetup and meetings overhead left only
few days of productive development in each Spflitus, management decided to return

back to the three weeks Sprints, but with synclzation mechanisms between components.

3.2.2 -Daily Scrum

Daily Scrum meetings occurred day by day in evesani involved in the project. Each
Team decided when it occurred during the working dait typically the meeting occurred at
the end of the morning and lasted a maximum oédift minutes. In this meeting each Team
member answered the three Scrum questions: “Whhtydu do since the last Scrum
meeting?”; “What will you do before the next megf and “Do you have any obstacles?”
All members of each Team shared the same workspatéhus there were no issues raised
related with distribution in the Daily Scrum megjn

3.2.3 -Sprint Planning

Sprint Planning was taken in two parts: Sprint Riag part 1 and part 2. Each part was
planned with one hour maximum duration and took el the Sprint’s first day (Portugal:
9:30-10:30/10:30-11:30; Poland: 10:30-11:30/11:2€8Q; India 15:00-16:00/16:00-17:00).
Sprint Planning part 2 occurred immediately af@@t .

Sprint Planning part 1 was a joint meeting betwessduct Owner representatives (Proxy
Area Product Owners - PAPO) and two representatigmbers of each Team. The meeting
occurred in a common meeting room in Portugal Sitennected remotely to the other three
sites involved in the project. It was used voice &ideo conference as well as application
sharing software to share Product Backlog (PBLhweiery present Team member. Sprint
Planning part 1 followed a script of four steps @ndlietails are available in Annex C.

Sprint Planning part 2 was taken at Team level witiTeam members present. PAPO
presence was not mandatory, but should be avai(@bleerson or by phone) to clarify any

questions to the Team. Part 2 meeting details edondnd In Annex C.
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3.2.4 -Joint Product Backlog Refinement (Joint PBR)

Joint Product Backlog meeting occurred on tifeN#onday of the Sprint from 9:30 until
16:00 in Portugal (10:30 to 17:00 in Poland), igefjive hours maximum duration meeting.
As the Team from India was very recent in the grognd in a learning phase, they were still
not participating in the meeting.

Participants were the PAPO team, one representativeach Team, Subject Matter
Experts (SME) (people involved in the project waiecial knowledge on a certain subject)
and one facilitator in each site.

Several actions were taken before the meeting apaption and the meeting itself
followed a six step script. Details in meeting @reggion actions and meeting steps can be
found in Annex C.

Joint PBR meeting occurred normally, but particigafelt difficulties to perform
technical discussions remotely and not in its motaeguage. There were also difficulties
when the new Teams from Poland start working inpiagect, because their technical level

was still low and the Story Points estimation feggigot biased.

3.2.5 -Team-level Product Backlog Refinement (Team-Level BR)

This meeting occurred at Team level on tA&T2iesday of each Sprint, one day after of
the Joint PBR meeting and with a maximum duratibtiniee hours.

On Annex C, the details of meeting’s five steppscaire described.

These meetings worked very well with every Team ipemtogether around the table

with the PAPO nearby. As people were collocatetssoes with distribution were reported.

3.2.6 -Sprint Review

Sprint Review was a joint meeting between PAPOs @mal representative member of
each Team. The meeting occurred in the last Sgiayt with a duration of 2:30 hours
(Portugal: 11:00-13:30; Poland: 12:00-14:30; Intia30- 19:00). The meeting took place in
a common meeting room in Portugal Site 1 conneatbtely to the other three sites. It was
used voice and video conference as well as apjgiitgharing software to share PBL with
every present Team member. Annex C presents theng'sescript in detail.

This was reported as a difficult meeting to perfaeamotely between all participants. One
factor was the time zone difference and differeatkwhours culture. Poland Teams want to

leave the office early in the afternoon, around ttisr time, 14h in Portugal. This conflicted
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with the lunch time of both sites and a clear agpet in the meeting schedule was never
reached between the sites. With the increase nuofb&eams in the project this meeting
started to be impacted and its maximum durationmwast of the times exceed. To overcome
this schedule and duration issues, the meetingtsgds continuously being optimized Sprint

by Sprint, reaching its final version as describednnex C.

3.2.7 -Team-Level Retrospectives

These meetings were held right after the Sprintd¥ewneeting, at the end of each Sprint.
Their maximum duration was two hours and occurneeMery Sprint.

These were team-level meetings where all Team mengagticipate together with their
Scrum Master.

The aim of these meetings was to figure out whatTham could do to improve the
process in order to increase their productivityng8groblems could be solved only internally
to the Team, other problems, that would involvedhieams or the organization, was then
taken to the Joint Retrospective meeting to beudised.

In Portugal these meetings were not very efficisetause most of times there was not
enough time left for it. This because Sprint Revisarted to get longer than expected and
people wanted to leave office earlier on Fridayuarb 17h. Therefore, must of the times
Teams rush on this meeting, degrading its effigienc

3.2.8 -Joint Retrospectives

These meetings occurred after the Sprint Planniegtimg at the first Tuesday of the
Sprint with a maximum duration of 1:30 hours. Idgdhe meeting should have occurred
right after the Team Retrospective and before thens Planning, but due to time zone
differences between sites, the closest possibthetdleam Retrospective was only after the
Sprint Planning. This was not the ideal situatibecause they could take decisions in the
Joint Retrospective that will have impact in theeatly planned Sprint.

The joint Retrospective meeting did not have touoavery Sprint. Its realization was
decided by Scrum Masters case by case. If theltastRetrospective discussed issues were
already solved or if too many new issues appeaueth@l the Sprint, Scrum Masters could
decide to perform the meeting, or not. The idea m@sto perform a meeting to discuss the
same issues or just a few new issues.

The Joint Retrospectives occurred remotely betwe&mrum Masters and one

representative per Team. One Scrum Master was ¢e¢imy facilitator.
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The meeting was a forum to bring issues and idea®mtinuously improve the process
efficiency. During the meeting, facilitator askdektTeam representatives “What can we do
to enhance the process?” in order to get the psoisssies experienced by them. Then, all
meeting participants discussed issue by issueyttotfigure out a solution for them. This
generated very interactive meetings difficult tofpen remotely.

These joint meetings were held long time in thgqmty but they start to notice that issues
raised there were the same or very close to the sed and addressed in Communities of
Practices (described next in 7.8.10). Therefore/ag decided to stop the Joint Retrospective
meetings and Teams start to report directly issoeshe correspondent Community of

Practice.

3.2.9 -Scrum-of Scrums

When, in the project beginning, the number of Teant personnel involved were not so
high, it was tried Scrum-of-Scrum (SoS) meetinggwieen all Teams in the product
development, i.e., from the three product compa€ertien, with the increase in the number
of Teams and personnel in the project, there wele first a SoS meeting intra-component
and then one SoS meeting inter-components whegetanl Team representatives attended.

SoS meetings were planned to occur every Wednesdag-component with a
maximum duration of thirty minutes and every Friday the inter-components during a
maximum of one hour.

The decision to perform these meetings came frommagement and not from a
Team’s need. Teams felt these meetings were justé’mmeetings” without much real and
useful interest for them. Teams couldn’t reach theeting aim, which was to share
information between them in order that together theuld get synchronized and reach a
common goal. In these meetings, Teams were justtieg their work status between them
and not trying to discuss issues and impedimentsrder to overcome them. There was
verified a very weak remote inter-Team cohesioncWwhtompromised the SoS meetings
objective. Due to all these facts, these meetind) davery weak participation during the

project.

3.2.10 -Communities of Practices (CoP)

These were virtual teams oriented to a specificspatialized theme. CoP members were

from several Scrum Teams in the project, speciliae with high knowledge in the CoP
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theme. These CoP teams evolved during the prajetimainly there were three CoP: GUI;
Architecture, and Continuous Integration

The CoP meetings were decided independently by € members without any
specified rule. They were totally self-organizedual teams. Additionally to the meetings
they used Wiki to share knowledge and informatiaii whe other project participants’.

CoP are not part of the Scrum framework, but they \sery common and extremely
useful when the number of Teams in a project startse significantly high. In this concrete
project they turned out to be very efficient andught much valued added in the discussion

and impediment’s resolution in the project.
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3.3 -Tools

In this section the set of CASE and Communicatawist used in the project are presented.
The tools were already used in the company forrosioftware development projects. By
development environment policies it was decidekietep these set of tools in this project.

3.3.1 -CASE Tools

Several CASE tools were used in the project to supgevelopment activities and to
address the distributed nature of the project. @44l presents the used CASE tools and its

purpose on the project.

Name Purpose

Wiki - Support knowledge sharing and to document information

- Used by Product Owners to manage Product Backlog and to make it

Jira with GreenHopper plugin available to all Team distributed over the different sites.

Fault Management - Managing faults on the product

Bamboo |- For automatic build production

Subversion |- Open-source version control system

Continuous Integration Solution mepl Company internal developed tool used for automatically compile new
builds, install them in laboratory machines and run a set of basic tests.

Rational Robot |- To develop and run automatic tests on builds

Table 14 -Project's CASE tools

3.3.2 -Communication Tools

Several communication tools were available in thejgot to support the remote
communication between Teams. Table 15 presentsmamawy table with the available

communication tools in the project and its purpose.

Name Purpose

- Mostly for asynchronous written communication

email -
- Base of remote communication between all teams
Traditional Telephone - To communicate initially with Poland external site
\/oice Communication tools Internal VoIP tool - To communication with internal company people and access joint meeting
conferences
Skype - Started to be used to communicate with Poland external site
L Internal VolP tool - To communication with internal company people
Chat Communication - - -
Skype - Started to be used to communicate with Poland external site
- To overcome video limitation of company Internal VolP tool
Skype Video - To overcome lack of face-to-face meeting and improve people remote
Video Communication communication and cohesion

- To emulate remote people presence

Halo Room - Only available in Portugal Site 1 and India

Application Sharing ebEx - To share presenters desktop and application during joint remote meetings

Table 15 -Project's Communication Tools
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3.4 -Development Performance Analysis

During data collection phase, a set of softwarericeefrom Component 3 project were
collected in order to measure and analyse the dernent performance along the project.

The main used metric was the Burn Up, not only emasure the product size evolution,
but especially to measure the development velatdpng the project. As it will be presented
in section 3.4.1 -, the product scope was alwaydving along the project, i.e. the product
scope was not constant and therefore, the Burn Dawetric did not provide much
information and was not used for this study. To soea the development accomplishment
ratio, the Descoped metric was used. This metwiges information about the amount of
work that was estimated and planned to be performed specific sprint, but was not
effectively achieved at the end of that sprint.afguality metric, the number of new Opened,
Closed and still Open Faults per sprint was usedrter to provide a comparison bridge
with the traditional development typical metridse thumber of Lines of Code of Component
3 was also used as a measure of product size. Tébpgesents a summary about the used

metrics used in the case study:

Metric What is measured How is measured
BurnU - Measures product size Story Points
P - Measures development Velocity Story Points / Sprint

- Measures amount of work that was estimated aswthgeld to be
Descoped performed in a specific sprint, but was not effesly Story Points / Sprint
achieved at the end of that sprint

Lines of Code | Measures size of the developed product Number of effective code lines (without
(LOC) pedp comments, white lines, header...)

Faults - Measures quality of developed product Faults @gellosed; StillOpen / Sprint

Table 16 -Summary of metrics used in the case study
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3.4.1 -Burn Up and Development Velocity
Figure 12 presents the Product Backlog (PBL) evaiuin Story Points (“Total Release”)

as well as the work already completed (“Done Re&f8aslong the project. When “Done

Release” meets “Total Release” chart, this meaaisdvelopment has completed the planed

product release.
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Figure 12 -Project BurnUp chart

It can be verified from Figure 12 chart that thedurct started to be designed from scratch,
i.e., in project’'s day one Product Owners (POs) mid have the complete view of what
would be the product, in this case, Component & FBL was constantly being updated by
adding or removing User Stories (USs) and by SRmints (SPs) re-estimation in each Sprint.
This explains why “Total Release” chart was notstantly growing, but also means that at
each Sprint it provided the best estimated approate product number of SPs.

The derivative (slop) of “Done” chart provides ttievelopment velocity, i.e., the number
of SPs that Teams were being able to produce im pant or week. The chart on Figure 13
shows the development velocity progress in SPs/wadekg the project duration. The
velocity chart was calculated as the average wglagithe last four Sprints. The number of

Teams participating in the project was also represkin the chart.
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Development Velocity
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Figure 13 -Project Development velocity chart

Analysing the overall project duration in Figure, 1t3can be seen that the development
velocity evolution may be divided in three diffetgsghases. An initial phase with the best
development velocity verified in the project. Nex{phase with an abrupt average velocity
decrease and finally, a third phase with the aweradpcity increase at a slow pace.

During initial project’s phase, Sprints #107-#1R5yas verified a development velocity
between 11 and 15 SPs/week with the participatianly three Teams in the project.

Between Sprints #125-#135, was verified an abruptrehse of around 85% in
development velocity. From Sprint #125 on, the neambf personnel in the project starts
being scaled in Portugal Site 1 and subcontractdedn@ site start being involved. In an
initial period, was performed new people ramp-upd anaching by the existing Teams in
Portugal Site 1. After this learning period, nevaifes were formed, starting to be productive
and represented in the #Teams chart in Figure b8s,Tnew people ramp-up started on
Sprint #125 and first new Teams started to be potdelion Sprint #135.

From Sprint #135 on, the development velocity beigareasing, although in a low pace
and on values significantly lowers than in the gctis beginning. It was verified that only at
project’'s end, the average velocity indicator s@pproaching again the initial average
velocity values. As seen in Figure 13 chart, dutimg period, the number of Teams in the
project continued to increase, meaning that newpramand coaching activities were still
being performed with impacts in the overall produitt. The last Team to be added was the
Indian Team (only one Team), on Sprint #157, megaaiso the addition of the fourth remote

site involved in the Component 3 project.
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Comparing project’s initial and final performancaswerified that with only three Teams,
development was significantly more efficient thaithwiourteen Teams. This can be clearly
verified by comparing the initial and final developnt’'s average velocity values and the
number of Teams involved (all Teams had typicaiijhepersons involved):

- Initial 3 Teams were producing an average of 12\8¢xk:
* i.e., 4 SP/week/Team.
- At the end, 14 Teams were producing an averageStigweek:
* j.e., around 0,64 SP/week/Team.
- Therefore, for an increase of 366% on the numbeFeafms involved there
was a decreased of 25% on the overall developneatity and 84% on the average
Team development velocity.

Table 17 summarizes the above presented develogragotmance facts:

Initial L Variation
Performance |Performance
Teams 3 14 366%
Avg. Dev Velocity 12 9 -25%
(SPs/week)
Avg. Team Veloc. 4 0.64 -84%
(SPs/week/team)

Table 17 -Development Performance Facts

Brooks’ Law fits perfectly in the above describeddepomenon. It states that “adding
manpower to a late software project makes it la{@&ooks, 1995). The two main facts
pointed by the author that explain the phenomemen a

1. The new added people will need time, the ramp-ome tito start to be productive.
Also, they will need to be coached by the alreashdpctive people in the project
in order get trained and catch the work that hasquaed them. Thus, while new
people are still not producing much valuable workd &an even have negative
impact (like bugs introduced), the experienced feopduce their productivity in
the project.

2. The communication overhead increase with the numifempeople increase.
Communication channels grow with the square of thember of people.
Additionally, several people working on the samsktaill need to get frequently
synchronized which will increase the time need pensl in synchronization

meetings.
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3.4.2 -Accomplishment Ratio

The chart in Figure 14 shows the evolution alorg phoject of Committed SPs by all
Teams on each Sprint together with the effectivad8Ps on that Sprint. The number of SPs
representing the difference between the Committedi @one is known as Descoped and
means the number of SPs that were committed andceegh to be done, but were not
effectively released in that Sprint.

The Commit number of SPs was a Teams’ estimatioham many SPs they expect to
deliver in each Sprint. As any estimation it had exror associated, but this error was
expected to decrease along the project with thenTegrowing experience in the product

and on the project environment itself.
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Figure 14 -Project Development Descoped chart

From Figure 14 chart it can be clearly seen thattbhmber of Committed SPs increases
with the number of Teams involved. This was expcbecause the available development
capacity increases with the number of Teams.

It can also be clearly seen in the Figure 14 ctieat Done SPs in the Sprint did not
follow the same evolution as verified in the Contedt SP with the number of Teams
increase. This means that the Descoped value roer the number of Teams also increased,
which was not a desirable scenario in a projects Was verified in the chart from Sprint
#135 on, i.e., from the start of new Teams in tfiggut.

It was also verified that “Done” progress in prajedeginning was positive when the

number of Teams was constant. This was expectallalesirable and reflected the Team’s
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knowledge and performance progress. But, it feteaim after Sprint #125. From Sprint #133
on, the Done value started to increase slowly aatly below the Commit value increase, as
seen above.

Comparing the Commit and Done last four Sprintadreurves in Figure 14 chart, it can
be seen that both curves were almost parallel aitd glose in the project’s beginning. After
Sprint #125 the curves distance gap started teaser and from Sprint #135 on this gap had a
really significant increase. Therefore, the Donsifpee progress did not follow the same
pace as the Commit progress, meaning that the dditianal development capacity added to
the project was not being effective for productelepment progress as desired. Both curves
only started getting close from Sprint #157 on vehd#gre Commit curve started to stabilize
and Done curve continued its slow increase. Thianisther evidence of the Brooks’ Law
(Brooks, 1995) verification in the project, as désed in the previous section.

The next Figure 15 chart represents the Descopeémiage along the project duration. It
was also plotted in the chart the number of Tegmsjress and the Descoped % trend taking

in consideration last four Sprints.
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Figure 15 -Project Descoped Percentage chart

It was verified a Descoped value around 40% anth widecrease trend in the project
beginning. From Sprint #125 on, the Descoped pé¢agenin the project presented a
significant increase until Sprint #135, stabilizioger the 80%. In the final Sprints it was
verified again a Descoped decrease.

Descoped % measures the amount of work committeddieffectively done in a Sprint.

Descoped depends on how accurate Team’s estima#srand therefore, it was not a 100%
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accurate measure. Although, it provided an excellatication of the level of lost or wasted
work during a Sprint. Descoped value was influendsd internal and external Team
problems’. Internals like possible estimation esrgover or under estimation) and any
impediments inside each Team. Externals, like immpedts related with enterprise or
organization inefficiency that could not be overeorhy Teams; or impediments with
dependencies with other components; or, for inggaimformation not available on time to
develop the planned Sprint User Stories.

From the chart above it can be clearly seen tleDiésscoped percentage really increased
with the number of Teams on the project. It caw &ls verified that approaching the end of
the project the Descoped % started to decreasectief the fact that the number of Teams
increase were stabilizing and existing Teams egpesa and knowledge was improving and

being effective.

3.4.3 -Lines of Code

In Figure 16 chart, the number of Line of Code (ha&olution in component 3 is

presented.
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Figure 16 -Lines of Code evolution in Component 3

This graphic is provided just with an informativerpose. Its output reflects the effect of
several factors during the project (number of peopériation, score re-planning and
productivity and quality issues). The number of Le@s not always growing. This is
explained due to several code refactoring actwiféeconstant practice in Agile) for cleaning
and optimizing the component code performed dutireg project. The average number of
LoC along the project was around 18 000 LoC, withaximum of 25 000 LoC near project
end. The abrupt decrease in the last part of thet capresented the product scope reduction

decided by business management near the projext’ésection 3.1.5 -).
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3.4.4 -Faults Evolution

The next chart (Figure 17) presents the cumulativaber of New, Closed and still Open

Fault reports on each Sprint along the projectttura
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Figure 17 -Cumulative Number of Faults in the Project

It can be seen that there was an initial phasegensentred in architecture and base
product development. During this period faults fied in the product were not being
registered. From Sprint #125 on, a Quality Assueateam started being involved in the
project to handle the product testing activities.

The total number of opened faults along the praojiecation was around 90 faults, being
around half of them (~45 faults) corrected. Theltfaorrection trend in the project’s final
Sprints presented an increase representing alszr@ase trend in the number of still open

faults.

3.4.5 -Development Performance Conclusions

From the above analyses it can be concluded tleaptbject’s performance was much
better at the project's beginning, with less peadpholved, than at its end, with several
people and sites involved.

It was also clearly identified the correlation beem the addition of new people and sites
in the project and the decrease on the developmpraductivity and velocity. The descoped
percentage was too high during the project scagleigod, meaning a low productivity and
waste of the available development capacity. Tliases suggest the Brooks Law (Brooks,
1995) verification in the project.

On the last project’'s Sprints, development indicatpresented values similar to the

project beginning and with a positive recoveringntt. Although with a much lower
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efficiency (similar indicator values, but with muahore people involved), the project

development productivity was pointing to a positikend for the future.

3.5 -Challenges & Impediments

This section will present the interview’s resultsthwthe reported challenges and
impediments in the project. The section will be diullled according the several topics
addressed in interviews. Detailed information abih#tse interviews, as well as sample’s
characterization, can be found in Annex A. Along timterviews was verified a broad
responses consistency provided by the differenifggaf interviewed participants. In Annex

E, a summary table is available with the projechiallenges and impediments next detailed.

3.5.1 -Communication

Communication was one of the most and major chgdleeported by participants during
interviews. The physical separation, together wiité lack of face-to-face meetings in the
project, was the most referred impediments for@gmmmunication in the project.

Due to a company strict travel costs policy, thesre not performed as much face-to-
face meetings and team building sessions betweaanteepeople as desired and required.
Few people in the project had the chance to mext ether. Some met in a company event
(between Portugal Site 1 and Site 2), others dutitegg ramp-up and know-how transfer
period (between Portugal Site 1, Poland and Indtiayas clearly pointed by all participants
that after meeting face-to-face each other, thensonication improved significantly and
barriers almost disappeared. Participants refdiratithe communication between sites was
then almost assured between these known peoplenimgeahat other people kept
demonstrating resistance to remote communicatiom pgople they did not have met before.
It was reported that no tools were available ticiffitly emulate remote people presence in
order to compensate the lack of face-to-face mgetiBkype video started to be used, but
although it helped, it was referred as not enoughemulate efficiently remote people
presence. Consequences of this lack of face-to-famximity were, apart from the
communication resistance, a mistrust climate, laickeam cohesion and the feeling of “us
and them” between the sites.

The language barrier was also referred as an impadi to a more efficient
communication, but participants’ English level waported as generally good and up to the
needs.
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The other main impediment, that had negative impacbmmunication efficiency, was
the Agile culture differences between company maésites and Poland external company.
As Portugal sites and Poland were working in threesaode base, the communication needs
between them were very high and important. Polaredpgople were referred as not being
very familiar with the Agile culture and ways of wkong, not understanding why they need
to participate in the Scrum meetings as Portugessihey also didn’t understand the need to
develop automatic tests for developed User Stofiesse differences had negative impact in
the communication with Portugal sites and generatelimate of mistrust and “us and them”
between these sites.

Between local Teams was reported a very good afiréttrust and open cooperation,
without any significant communication impedimentheTonly impediment reported was
related to the significant high number of involvpdople. This created the “chair inertia”
problem where people found resistance to standuplk with a colleague in the other side
of the room. Also, it was pointed that sometimes wd#ficult to know with whom they might
talk to solve an issue, because not always was knahkich problem was already deal by

other colleague.

3.5.2 -Office Environment

The overall opinion of all participants was thag tbffice conditions for Scrum practices
were good enough, especially at the end of theeptoj

People reported that in project’s beginning thedations were not good, but they could
easily re-arrange the office space and the seatadibn so that every Team were together
around the same table and could easily talk betveaeh other. In Portugal Site 1, in the
beginning, was not available a dedicated room fer jpin meetings, but this was also
overcome early in the project. In this site, onespe reported that would also be desired
some small meeting rooms where few people can gmtheasily discuss any problem or
issue. Portugal Site 1 Teams were also allowedsto flipcharts on the office walls. In
Portugal Site 2 it was referred that they had sgmablems with the meeting room
availability and that they could not freely talktime office (concerning noise) due to the fact
that they were in an open-space together with qilgects people. In this site, they were not
allowed to use flipcharts in the office walls, winiwas not appreciated by the Team. In India
site, apart from the initial office arrangementuiss, that were overcome, no other issues

were reported.
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3.5.3 -Time Zone Differences

This topic was reported as having significant impacthe project’s productivity. The
main challenge was the reduced common working hbet&een the sites, inside the same
component as well as between components. The nepgirted consequences of this
challenge were the delay in problem solving (whictuld take 24 hours or even a week),
delay in people synchronization, impacts in joinetiiegs and impacts in knowledge transfer.
The time zone differences between the differeessitere presented in Table 11.

The reduced common working hours challenge wasonbyt related with the real time
zone difference between sites. It was extensiveported the different work hours culture
between the sites, especially between Portugal Roldnd sites. Poland people usually
arrived at the office very early in the morning {8t and left office in the mid of the
afternoon (16h-17h). Portugal sites typically aadJater in the morning (9:30h-10:30h) and
left in the end of afternoon (18h-19h). Therefare hour time zone difference plus two or
three hours of different work hours culture, repréed an effective time difference between
sites of two to three hours, leaving only five itotsours of common working time!

Regarding inter component communication, Portugiék S had to concentrate
synchronization and interworking activities with r@ponent 2 colleagues (India) in the
morning period. If a problem occurred at the endhef morning, they knew in Portugal that
the issue could only be solved in the next day. Trteraction and synchronization need
between Component 3 and Component 2 was signifemaditwas very difficult due to short
common working hours. Communication with China weggorted as extremely difficult from
Portugal Sites. In Portugal they could only reattin€se colleagues by arriving early in the
morning at the office and for only one or two howansximum. Communication between
them was mostly asynchronous and only supporteehisil. Every email sent from Portugal
need normally 24 hours to get the reply from Chind one participant from Portugal Site 1
said: “An email thread with four or five emails &karound one week to be held”. Although
the asynchronous communication with China was tepaoas more difficult than with India,
the synchronization and interaction need betweanfgment 3 and Component 1 was much
lower, which have minimized the problem impact.

Inside Component 3 were reported difficulties inetmey schedule agreements and
synchronization between Portugal sites and Poldnd,to the different work hours culture.
There was also reported by Portugal sites thatsRalblleagues commit code just before

leaving the office. When these commits broke thédb®ortugal could not commit any code
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until next day or they had to try to fix by themssd the problem to proceed. India site
reported that the short common working hours witindpe sites was an impediment to their
ramp-up and knowledge transfer. Also, they repatted short common working hours was a
challenge in relation to the continuous integratbmale commit. India, could commit code
that later will break build in Europe sites andytheere not in the office to fix the problem.
Not only negative aspects of reduced common wgrkiours were reported. Participants
in Portugal referred that when all other sites’leamjues left the office, the communication
requests decreased significantly and they coulaeasncentrate on their tasks, improving
productivity. Other positive aspect reported waa they in Portugal could install laboratory
machines with a new build and, during their nightef, China and India colleagues could

already try it out and feedback Portugal siteh@rhorning.

3.5.4 -Communication Tools

Several impediments were reported by participaetmnmding the communication tools
available on the project.

One reported impediment were the limitations of cbenpany internal VolIP tool. It was
reported as enough for one to one communicationwlibi several limitations for conference
meetings as well as not providing video capabditids Poland was an external company,
this internal VolIP tool could not be used to cominate with them and traditional telephone
was initially used instead. To overcome these impedts, Scrum Masters in Portugal sites
motivated people to use Skype for their daily reenatice, video and chat communication
needs.

The meeting room in Portugal Site 1 had several ngonication tools’ limitations
speciality in the project’s beginning. Participargported that the microphone facilities in the
room were very weak. Only one microphone was abldor joint meetings with several
participants. People need to stand up whenever teespeak and it was also difficult when
several people need to discuss in the meetingtheamicrophone. Portugal Site 2 reported
that was very difficult to follow a meeting remoteh these conditions, because they stopped
listening people’s discussion, losing the subjext aeed to frequently request remote people
to repeat. These microphone limitations were miéidaby acquisition of new microphone
equipment, although never reached the desiredtgualiso, the video facilities in Portugal
Site 1 meeting room were not the ideal. Skype vidaoted to be used, but was time

consuming to setup it up in every meeting and tpalias reported as not good enough.
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Apart from this, participants from Portugal Siteréported that these video facilities via
Skype were an excellent help to their join remogetimgs.

Later in the project, Halo Room started to be uBedticipants reported that this tool was
excellent for remote people presence emulation andsignificantly helped in the
communication. But, this tool was only possibldéused between Portugal Site 1, India and
China. The tool was not available in Portugal Qitend Poland. It was also reported that it
was not feasible to perform a joint meeting in HRlwom with too many people.

Summing up, communication tools available in thejgut had several limitations that
originated negative impacts in remote communicalietween sites. Participants desired to
have seen more investment in communication toolhénproject, especially in sound and
video facilities. Also, more investment in remoteople presence emulation tools was also

reported to have improved the communication inpitogect.

3.5.5 -Tools Support

Available CASE tools supporting the distributed®arpractices were generally reported
as efficient and enough for the project’s needs.

Participants all recognised that Wiki was an esakmtnd extensively used tool for
knowledge and information share between all disted Teams in the project. The only
difficulty commonly reported was the informationtepy generated in Wiki with the time.
Participants reported that the information statedoe spread and repeated over several
places in Wiki. Outdated and not useful informatwss kept in place and each Team posted
their own information, but other Teams did not kn@hkout the update. Searching
information in Wiki started to be a difficult taskthough, although the search engine was
reported to be working efficiently. A common fegliwas that there should have been
defined, in the project’s beginning, some rules guidielines for posting information in Wiki
as well as a person should be have been electethitmtain overall information in Wiki
updated and organized.

Jira tool was reported as an efficient and cemdllfor Product Backlog management for
several remote Teams. Some Team members repoakdlitough Jira was a good tool, they
preferred to have their Sprint Backlog on flipchetrbffice walls.

The bug tracking tool also did not received a niggaappreciation, but participants
would prefer to have an easier and lighter toobiag tracking.

The main problem within the available support toalas the Continuous Integration

solution. It was a general opinion that the solutieas not working efficiently, especially in
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project’s beginning, and had significant negativgpact in productivity and product quality.
The problem with this tool was mainly the test aw#tion scenario. Tests failed to run
originating a broken build even if the code waslthgaThe problem cause reported was that
they started to automate tests late in the prajben there were already released too many
features. Also, no clear rules for developing testye defined in the beginning. This
originated a huge number of developed tests witlsmstainability. A taskforce was then
created to re-organize and solve the issues wéhatliomatic tests scenario. This measure
was a success and the continuous integration systaned to work more efficiently,

although still with desired improvements.

3.5.6 -Cultural Differences

There were a few impediments raised in relationhwaultural differences. The
organization had an internal global culture andipi@ants were already used to work in
multisite with multi-cultural colleagues.

The common working language was English. Althoughtipipants reported that would
be more efficient to express in their mother tongoet significant impediments were
reported by the need to communicate in English.r@lvpeople’s English level was reported
as generally good and enough.

Differences in work hours culture, already desdilie section 3.5.3 -, was a major
reported impediment.

Other impediment reported was the differences iterprnise culture. Poland site was an
external consultant company and were reported ¥e hashort term mind-set. They tried to
demonstrate fast work done instead of working mglterm and for the overall project goal.
Also was refereed that they didn’t have a good é\gillture. Teams were led by team leaders
instead of being self-organized and coached byttem Master.

India was reported as not having cross functioeafrts, i.e., they had specific persons
dedicated to development, test, and installatiorctions. A hierarchical structure was also
seen in India. Teams had more like a team leader ahScrum Master coach, which is not a

very Agile way of working.

3.5.7 -Team Cohesion and Commitment

A common reported feeling between all interviewedtipipants in Component 3 was the
lack of cohesion and commitment felt in the overadbject. Between local Teams the

relationship was reported as very good and clo$e. Main issue was naturally between
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people in different sites. In the project initidgse, when were only few Teams and only two
sites involved in Component 3 development, teanes@m and commitment was reported as
being much stronger than when too many Teams aradiéms were involved.

Between Portugal two sites, in the beginning thesis some distance and communication
resistant between people, but this have disappedtedthey met face-to-face in a company
event. The cohesion between these two sites wastegiphas much stronger than with other
sites due to cultural proximity.

The main problems were reported to be with the ibkite. Their working mind-set was
very different from the one practiced internallytire company. It was reported that they did
not have a very Agile way of working. They creatdependencies between their and
Portugal’'s code and were resistant to changes. Weeg contracted for short term and was
desired that they would work like internals to t@mpany. Portugal sites never felt they
were working as the same team for the same goalr Tbmmitment to the overall project
success was reported as not existing, being thain oal to demonstrate work done in a
short term to justify their contract. Some part@igs in Portugal clearly had the “us and
them” feeling.

Between components, the cohesion was reportedtdseimg the healthiest. Although all
people were working for the same product, they thadfeeling of being working for three
different products with dependencies between e#odroEach component was concentrated
in performing its own work and not in archiving tdgether the product goal. It was reported
that was difficult to know what was happening imsieach of the other components and a
very weak synchronization inter-component was iaifduring the project. This lack of
cohesion between different components was pointetlet caused by the shared product
responsibilities, i.e., three Product Owners mamadhree different Product Backlogs for

three different development units.

3.5.8 -Division by Components

As already described, the product development wiagledl into three difference
components. This organization was commonly repobggarticipants has not being very
efficient and especially not very Agile. User S¢sridefined by Product Owners were seen as
E2E features, i.e., complete customer features timatld cross vertically all product
components. Also, the division by components credipendencies and interfaces between
components and Teams, breaking the Agile open canuation and collaboration. When a

User Story required changes in more than one coempmparticipants reported that they
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need to start conversations with the other compoteedescribe the requirements and then
wait until the development was finished to compléteir User Story. This created a serial
development and consequently longer features’ sekeaOne participant referred that this
division by components created like a hidden watkenfiside Scrum. It was also referred the
difficulties to coordinate all the three componegleases for the product, as well as, load
balancing the work load between components. Coaldhle case that one component was
overloaded and other component had free capacitythkre could not be capacity exchange.
The only positive aspect referred was that thissainm decreased the need of communication,
because less people were working in the same caske b

When asked for suggestions on how the product dpuent should be divided there was
a consensus that division by components was nabéle solution and it should be division
by E2E features. With this, participants referredt the project organization would be more
aligned with the Agile principles. User Stories kkbbe then developed truly E2E. Teams
would be able to work on the code base from topaitom and did not need to request and
wait for other components’ development. It was aksferred that with this approach, only
one Product Owner and one Product Backlog shou#d ¢ the product. Limitations to this
E2E features approach were also reported by paatits. They raised concerns regarding the
required extensive code knowledge to perform E2&ufe development, as well as, the

higher communication needs due to a larger commde base between Teams.

3.5.9 -Large Number of Personnel

Component 3 development had its initial phase witly three Teams distributed over
two sites in Portugal. Participants reported thatrdy this project phase they had very quick
synchronization meetings and team cohesion was.dvat the increased number of people
involved in the project, communication channels tiplikd exponentially and
communication overhead was reported as being hligs. report is in line with what was
described in section 3.4.1 -Brooks’ Law (Brooks93pP was extensively verified in the
studied case and confirmed with the participarg@ported experience.

The people scaling pace in the project was refeaeteing too high and not done in a
sustainable way. Original project’s people did h@ve the time to consolidate their
knowledge and couldn’t then efficiently coach thevrnpeople. Participants referred that the
product architecture and development environmenpairticular the continuous integration
solution, was not stable enough to support a hugefast project increase. An interviewed

manager referred that would have been desiredve imre Teams working in Portugal Site
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1 than to scale people in Poland external siteth&tend of the project, there were more
people and Teams in Poland external site than inugal Site 1 (the project’'s main
development site).

It was suggested by one participant that projeatirsg should start first with few co-
located Teams to achieve a stable and well defarebitecture as well as creating a very
stable development environment. Only when thesaliions were achieved it should be
started a planned sustainable project scalinghteratites and involving more people. Other
participant shared the opinion that should be aealyby the company if, instead of
subcontracting cheaper and many new developersghiess but more experienced

developers on the internal sites wouldn’t be a npooditable scenario for the company.

3.5.10 -Multisite

The unanimous response from participants to thpgctwas “No, thanks!”. When asked
what were the positive aspects of a multisite omgdion in the project all participants
demonstrated extreme difficulties to answer. Onsitpe point referred was the ideas’
diversity richness to solve problems, achieved hyirg different ways of thinking and
working in the project. But this could also be @&sieid by having people from different
locations and cultures working at the same plackrant necessarily in multisite. The other
positive point was the theoretical capability oft®surs development, but no one felt that this
would be possible to reach in practice in the mioje

The main negative aspect referred was the commtioricalrawbacks raised by the
distance separation. Too much communication chanhelge communication overhead and
synchronization need were pointed as some of conuation drawbacks. Agile principle of
open and close communication was referred to bativedy impacted. The physical distance
separation was also pointed as an impediment totehm cohesion and team building,
generating a mistrust climate between remote sganmk. Remote joint meetings were
reported as very difficult to be held, becauseheftiigh interactivity nature of these meetings.
The communication impediments raised by physicatritiution were reported as causing
delays in problem resolution with impacts in fipabduct quality and time-to-market.

All participants demonstrated a significant low mation about working in a multisite
environment. They referred to have a high overhe&don-development tasks (huge
communisation, synchronization and meeting’'s needglting a low productive and
inefficiency feeling. The reduction on the numbédrivolved sites in the project was

commonly seen as a benefit. Communication woulthliziimprove between people as well
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as team cohesion, motivation and commit to achieggether a common goal.

Communication overhead reduction, efficient synoiration and cohesion between Team
members would generate a faster and more effipijéct evolution contributing to a better
product quality and time-to-market schedules. Navdtl costs to perform face-to-face
meetings as well as less cost in communicationstoeleds together with no cultural and

time-zone differences issues were seen as benéfit®ject co-location.

3.5.11 -Business Organization

Although out of the scope of this study, is heremmed some feedback received during
the interviews regarding the business organizatidhe project.

It was referred by Proxy Area Product Owners thhagfRam and Product managers had a
waterfall mind-set instead of being aligned witle thgile way of working. This originated
difficulties in communication and alignment betwdrrsiness teams and R&D teams.

As already described in previous section 3.1.4he product did not have a single
responsible person. This responsibility was shamdng two product managers. The product
was divided in three components managed by threreit Product Owners with three
single Product Backlogs. Development was also diyithto three different development
units. This spread organization and shared respititiss were not seen as the most efficient
and was reported has not promoting a one prodsabrvi Participants felt that there were
working for three different products with dependescbetween them and not for a single

product focused on the same goal.

3.6 - Case Study Conclusions

According to Hossain et al. (2009a) and Jalali let(2010) literature review results,
described in section 2.4 -, this case study wasxample of an empirical study about a
globally distributed project using Scrum, performedan industry,. The dimension scale of
the studied project was significantly larger thaostof the studies available in the scientific
community. According to the Jalali et al. (201(sdification in Table 9, the studied project
was a large (more than fifty people involved) andd (more than seven months) project.
Considering Hossain et al. (2009a) Table 8, thdistuproject, unlike the majority of the
studies, had more than three sites involved anceti@n two Teams involved (four sites in
three countries, fourteen Scrum Teams involvedg Téam size was significantly lower than

the majority (typically eight persons Teams unlike majority, where Teams had more than
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twenty five persons). The collaboration mode wdsriorganization (as one of the sites was
an external subcontracted company) although, thprityaof studies referred an intra-
organizational mode. Also unlike the majority, #navas verified overlapping time between
the sites (although in some of the cases only ahlfews of overlap time was verified). The
majority of the studies reported to have distribufeams, as seen in Jalali et al. (2010) Table
9. In the studied project, Scrum Teams were natidiged. They were co-located Teams, i.e.

all members of the same Team were together inaime place.

Challenges
The challenges identified in the case study wetereskvely in line with the ones referred

in Hossain et al. (2009b) conceptual framework.

The main challenge faced was clearly the commuioicat his is the major and typical
challenge faced in distributed software developmastidentified by Hossain et al. (2009a)
and Jalali et al. (2010). Several factors contaduto this communication challenge in the
studied project. Unexpectedly, as seen in sectiér63, the use of English as a common
language was not a strong communication limitat@ithough communicating in mother
tongue would have improved the communication edficy. The lack of face-to-face
meetings between people from different sites washjor factor that has led to resistance in
communication. This fact was not compensated witicient communication tools for
remote presence’s emulation. Although there wegglale multiple communication tools,
they had several technical limitations which deseehthe user experience and did not fully
cover the distributed communication needs. Timeezdifferences problem, augmented by
the different work hours culture between sites,seauasynchronous communication and
difficulties in achieving meetings schedule agreetse

Lack of group awareness and commitment was alsotifid®l as a major challenge.
Described in section 3.5.7 -, people did not feltweorking for the same product and not
committed to achieve a common goal. The producteldgwment was divided in three
components with three single independent ProduatkiBgs, which caused that each
development Team was working for their componeat gnd not for the product as a whole.
This product organization went against the Scrueom which says that only one Product
Owner and one Product Backlog should exist (sec#dh4 -).The different enterprise’s
culture, together with the lack of face-to-face tiregs, has led to a mistrust climate between
different remote sites. This had impact in the alltetommitment and, as already referred

before, in the communication efficiency.
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The large number of people and sites involved saprieed also a challenge in the project.
As seen in section 3.1.5 -, the project has stastiglal only two Teams in two sites in the
same country, but has fast grown to fourteen Teanisur sites in three countries. Before
starting the project scaling, the original projecparticipants did not have the time to
consolidate their knowledge as well as the produthitecture and development environment.
The new people coaching and knowledge transfethéyoriginal project’s people, have had
a huge negative impact in the development prodigtias analysed in section 3.4 -. This
huge project scaling increased significantly thejgut’'s entropy, decreasing even more the
communication efficiency and augmenting Teams’ Byogization need. All these facts
points to the Brooks’ Law (Brooks, 1995) verificatiin the project (section 3.4.1 -).

Tools available were generally enough to suppaetdistributed Scrum practices. The
only limitation was the continuous integration smo during the first half of the project
duration. The solution presented problems with &gomation and represented an extreme
decrease in the project productivity. As soon &spgtoblem was overcome the continuous
integration solution contributed positively to tilistributed development productivity.

A challenge, referred in Hossain et al. (2009b)cemtual framework, which was not
verified in the studied project, was the lack ofialmorative office environment. The office
environment in the several involved sites couldcefiiently adapted to the Scrum practices
needs.

Strategies
Several strategies identified in the literatureéeemwere not verified, while others were.

Paassivaara et al. (2009) and Hossain et al. (30@8dr frequent visits as a practice used
to build and maintain trust as well as to enharaéalgoration. Due to a strict travel costs
policy, only a very few face-to-face meetings tqakce along the project duration. This
clearly had negative impact on the communicatiditiehcy, trust and team cohesion as the
participants reported.

Synchronization of work hours is also referred bas$sivaara et al. (2009) and Hossain et
al. (2009b) as a practice in Global Software Dewelent to maximize the overlapping work
hours and ensure a constant communication. Asreefen section 3.5.3 -, the overlapping
work hours between the involved sites was not wxtgnded, either due to countries time-
zone difference and different work hours culturetie project there was no synchronization
work hours performed. Each country involved hadoia work hours culture, which has

decreased the maximum possible overlapping houlss has caused difficulties in
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communication (asynchronous communication), debays difficulties in reaching meeting
schedule agreements.

Splitting Teams by features/functions is a strategferred by Hossain et al. (2009b) in
order to address the large number of personnelhiaddn a project. As described in section
3.5.8 -, the overall product development was dididgy components. This permitted a
reduction of communication need between componérgams, but generated a significant
number of inter-component dependencies that cadskys and a serial development. The
common opinion by participants was that the projgould have extensively benefited if
product development was divided by E2E featuress Would allow a more Agile approach,
as the Scrum User Stories are seen as E2E funiiiesiaand developers would not be
dependent on other Teams to complete their UseieSto

Some strategies referred by Hossain et al. (20888)Paassivaara et al. (2009) that were
verified in the project. In order to face asynclooes communication and increasing number
of Teams challenge, Hossain et al. (2009b) refer 8trum Teams should be kept local site
based Teams. This practice was verified in the egtopince its beginning. Regarding
challenges with communication and support toolsreghwere available multiple ways of
communication as well as tools to support Scrunetpres, as referred also by Hossain et al.
(2009b) and Paassivaara et al. (2009) (althoughalresdy described before, there were
several limitations on the available tools that énadecreased its expected efficiency).
Regarding the office environment, the availablecepaould have been re-arrange in order to
keep each Team together around the same area bhasmMehving dedicated joint meeting
rooms.

A strategy successfully applied in the studied gujthat was not found in the literature
review was the Communities of Practices. As deedriln section 3.2.10 -, this practice was
very efficient and brought much valued added indiseussion and impediment’s resolution
in the project. As an extension to Scrum practi€&smnmunities of Practices could be an
enhancement proposal to the Hossain et al. (200&3eptual framework, used to address
issues that create impediments to the Teams andewfeams work together to mitigate

those issues.

72



Applicability of Agile methodologies in Global Sefare Development Projects
- a Scrum Case Study -

4 - Conclusions

The applicability of Agile methodologies in Glob&bftware Development is far from
being a completely solved and consolidated theme.

Literature review has identified a significantlycirase on the theme’s interest as well as
on the number of published studies in the scientfimmunity over the past few years.
Despite of this positive fact, was concluded thwedre is still no solid empirical evidence
about the successful applicability of Agile methau§lobal Software Development. Several
of the available studies reported success, but ldneky on details about the studied projects
and their contextual environment in order to reaohd conclusions. Also, the available
scientific knowledge about this theme was found k® spread, not structured and
consolidated. Hossain et al. (2009b), in their eysttic literature review, provided a first
attempt with a consolidated conceptual frameworaualehallenges faced and strategies to
address those challenges when applying Agile metho&lobal Software Development.

The challenges faced in the studied project wetensively in line with the ones referred
in Hossain et al. (2009b) conceptual framework. Tin@in challenges faced were
communication, reduced overlapping working houasklof group awareness and overall
commitment, large number of people and sites iraah\Limitations on the available tools
represented also a significant challenge. Contiauategration solution was not working
efficiently and communication tools presented savémitations and were not efficient to
emulate remote people’s presence.

On the other hand, several of the strategies predgein the Hossain et al. (2009b)
framework were not verified in the project. Frequeisits, synchronized working hours,
efficient communication tools and Teams dividediégtures were strategies not followed in
the studied project.

From the project’s development performance analysiwas concluded that the project
was significantly more efficient in its initial ph@, with just few Teams seated in two sites in
the same country, than in its final stages, wheveal Teams were involved and spread over
four sites in three different countries.

This dissertation contributed to provide a receetwof the current available knowledge
about Agile methodologies practice. Furthermorés thissertation contributed with a case

study of a larger and longer project than the nigjaf the available studies in the scientific
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community. The studied project’s environment wataitkd as much as possible in order to
provide a solid reference. The case study resolitdccontribute to validate Hossain et al.
(2009b) conceptual framework, comparing the chgksnand strategies presented in the

framework and the ones identified in the studiemjqut.

4.1 - Answer to the Research Questions

What are the challenges faced when applying Agdthods in a Global Software Project?

The main challenge faced in distributed Agile depebtent is communication. Being
Agile based on open, close and constant commuaitati is crucial that communication
between people in the project is efficient. In atribbuted environment, communication is
affected by people’s physical separation and isreajed when people do not know each
other personally. Cultural differences, especiatly expressing in mother tongue, represents
also a barrier to efficient communication. A largenmber of people and sites represent a high
number of communication channels raising even miie communication challenge.
Consequences of these barriers are an inefficemimaunication, contributing to a mistrust
climate and lack of group awareness.

Working with different time-zone represents alsoclaallenge in distributed Agile
development. The reduced overlap working hours eaasynchronous communication
originating delays in problem solving and infornaatishare. Also, difficulties to schedule
joint meetings are raised.

Cultural differences place several challenges. fided to express in a common language,
normally not the mother tongue for most of the imed people, is a barrier to efficient
communication. Differences in work hours cultureyntiecrease even more the overlapping
work time. Different work mind-sets and enterprisedture is a challenge with impacts in
communication which may originate lack of trust agrdup awareness within the project’s
people.

Large number of personal and involved sites mayressmt a huge challenge.
Communication channels increase with the squarehef number of people. Also, the
overhead for synchronization between people witréase. As communication is already
itself a challenge, increasing its need in the ewbjwill only augment even more the
challenge. Project’'s entropy increase and peopid te get demotivated with high non-

productive overheads.
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What are the strategies to address the impact edehchallenges in the development’s
project efficiency?

As communication is the main challenge identifiedtigating its impact is the main
strategy. Remote people meeting each other fataetm- at least once, is essential for
breaking communication barriers and raising truestel between them. This will help
reaching group awareness and break the feelingi®fahd them”. Synchronizing working
hours is also an essential strategy to maximizeveelapping working hours. Setting up co-
located Scrum Teams, i.e. Team members togethéhensame place, will keep their
communication local and very efficient. This praetidecreases the remote communication
need in the project by keeping intra-Team commuiundocal.

Support and communication tools are essentialdistibuted Agile. Their efficiency is
essential to mitigate communication barriers, sup@istributed productivity and knowledge
share. Wikis are essential for remote knowledge aridrmation share. An efficient
Continuous Integration solution will support thestdbuted development activities and
significantly contribute to its productivity. ProctuBacklog support tools, like Jira, are also
essential to make it available for all people ia giroject and keep them synchronized with
Product Owner. Good quality voice and video comroatidn tools are essential for remote
communication and remote’s people presence emnalatio

Good office environment conditions need to be medi in order to assure efficient
Scrum practices. Scrum Teams need to be able tooggsher in the same place or room and
the possibility to freely use flipcharts on the lwas usually appreciated by them. Dedicated
meeting rooms with communication tools ready tabed are also essential.

In large product development with a high numbep@dple involved, Teams subdivision
should be treated carefully. Although dividing deysnent Teams by components may
decrease the communication need, it will createddrsr and dependences between them.
Development will tend to be serial, meaning thatdden waterfall may be created inside an
Agile distributed project. Diving Teams by End-todEfeatures will be more in line with
Agile, as User Stories are typically seen as ERBrtd customer features. With this division
developers are able to work vertically in productde and not dependent on other
components to finish their User Story in the Spriflhis approach however has a higher
communication need as the common code base is hatgeer. Therefore, the Team
subdivision should be carefully analysed beforggmtostart.
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Project scaling, in number of people and sitesukhbe carefully planned and performed
in a sustainable manner. Project should start asgimall number of Teams, co-located or on
a very close distribution. It should be assured fiv@duct architecture and development
environment is well defined and stabilized befoi@tig scaling the project. Distribution
over too many sites, especially separated by skeveng zones, may raise significant
challenges as seen before. Therefore, the Agil¢egiraistribution benefits should be

carefully analysed before implementation.

4.2 -Limitations

This study was limited to one unit of analysis assted with just one of the three
product’s components. It would have been desiredttoly the project as a whole, with
perspectives from every component as well as ftogrbusiness areas. This was not possible
due to time and resource limitation in performihgstdissertation. Also, within the unit of
analysis it was not possible to contact Poland@pants due to the fact that they were from

an external consultant company.

4.3 -Future Work

An overall consolidation work regarding the appgtitidy of Agile/Scrum methodology in
distributed development should be continued in otdechieve a reference framework. This
framework would represent the distributed Scrunciicas, challenges typically faced and
the critical success factors to apply Scrum prastia a distributed environment. Companies
whiling to apply Agile/Scrum in their distributedfsware development project will them be

able to better analyse and plan their implemematidhe most efficient way.
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Annex A — Semi-Structured Interviews

Semi-structured interview questions were prepai@set on the Hossain et al. (2009b)
conceptual framework with the addition of two opgurestions at the end. Interviews were
held by one researcher performing questions andtegmg the answers in a document, as
well as, recording interviews in audio for postchesck.

The interviews were started by presenting firstomerview of the study theme and
objectives, as well as a questionnaire overviewchHaterview had duration of around one
hour and was performed in three out of the fowssitvolved in Component 3 development.

In Portugal Site 1 there were interviewed eighspas: one Scrum Master, one Manager,
two Proxy Area Product Owners and four Team memleash from a different Scrum
Team). In Portugal Site 2 there were interviewed fersons: one Scrum Master and one
Team member. In India site it was only possiblaterview one Scrum Master.

All interviews in Portugal Site 1 where performexté-to-face with interviewees while
Portugal Site 2 and India interviews were performadotely via VolP. People from Poland
site were not possible to be interviewed as theyewleom an external company and
interviews were not allowed.

Next is presented the semi-structured interviewterias created and used:

- Study context and interviews objectives presemntatio
- Matrix with interview’s questions subject by Scruate;
- List of questions per Scrum role interviewed.
Also presented a table with interviews’ data sunymar
- Site interviewed,;
- Role interviewed;
- Date of interview;
- Duration of interview;

- Total number of interviews and interviews’ duration
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Site Role Date Duration (min)
PT1 ScrumMaster 13-Apr-11 57
PT1 Team 19-Apr-11 49
PT1 Team 19-Apr-11 53
PT1 Team 20-Apr-11 48
PT1 Team 21-Apr-11 59
PT1 Manager 06-May-11 41
PT1 PAPO 09-May-11 69
PT1 PAPO 10-May-11 82
PT2 ScrumMaster 16-May-11 52
PT2 Team 18-May-11 48
India ScrumMaster 20-May-11 56
TOTALs 614
10
11

Minutes

Hours
Interviews
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Annex B — Interviews Result Maps
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Annex C — Scrum practices details

Sprint Planning

Sprint Planning part 1

1.

First people got in place and meeting facilitiesemerepared. PBL is made visible
to every Team member in the meeting. It were atadithe Sprint events, like
Sprint end date, national holidays in each of fkessany trainings being taken,
and so on. The Definition of Done (DoD) was alsdewed and agreed.

In the second step, PAPO explained the priorit@sthe Sprint to the Team

representatives.

3. PAPO set the Sprint goals with the Team represeasat

4. Teams choose USs they thought they could do dah@dprint and took them to

Sprint Planning part 2 to be then analysed, bre8k to tasks, estimate their

effort and make the final Sprint Team commit.

Sprint Planning part 2

1.

Teams got in place and prepared for the meeting. mketing should be on a
place where Team member can think clear, write deagks and draw any
explanation.

Teams should calculate their availability duringtt®print, i.e., Teams estimated
the amount of effort they expected for non-prodietelopment tasks. These tasks
could be, for example, development tasks (laptdpbs,...), organizational
meetings, training and knowledge share sessioaslimg and helping others or
participation in other Scrum meetings, among others

Team picked up USs by priority order and starteshking them down into tasks
and estimated each one.

Team builds up its own Sprint Backlog with theiska for the Sprint and post it
on the teams’ wall.

A Daily Scrum meeting was performed in order tocyonize who will start

what activity.

6. Finally Team communicated to PAPOs the USs theynaitied for the Sprint.
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Joint Product Backlog Refinement (Joint PBR)

10¢

As preparation for this meeting these actions weaken:

- Meeting facilitators reserved the rooms and seritdtions to participants.
- PAPO sent to Teams the new PBL items and PBL iteamslidate for the next
Sprint.

- PAPO and SME prepared at least three Acceptantexamples (i.e., customer

requirement specification by examples) per new.item

- PAPO created or updated spread sheet with all itgmgped by estimate in order

to be used as estimation scale.

- Teams prepared Proof of Concepts (PoC) and PraeStpdesentations.

The Joint PBR meeting followed then a six stepps$cri

1.

On a first step, participants discussed and agoeegdossible changes to the
Definition of Done (DoD).
Next, PAPO presented the spread sheet with theatstin scale.

3. For each new or next Sprint item

a. Teams showed current status of PoC and Pre-stughel, one with a

maximum period of fifteen minutes

b. PAPO and SME clarified the item in discussion and

c. Create new Acceptance Test examples, approximatdbtal of ten

examples per item.

d. The discussed item was estimated during a maxinfuimeominutes.
The fourth step started by splitting items (with rmm¢han thirteen SPs) and
Acceptance tests for the next Sprint, building ppirg-grained items with
approximately eight SPs each. This step was ogtibrthey had less than
three items for the next Sprint.

Estimation of the split items, with no more tharefminutes per item and only
one estimator per Team.

The last step, was optional, and included a renadion of the complete
release Backlog, again a maximum of five minuteguision per item and

just one estimator per Team.
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Team-level Product Backlog Refinement (Team-Level BR)

Five step meeting script:

1. Team started by presenting the spread sheet vatagtimation scale, i.e., with
all stories grouped by estimate.

2. Then, they split items for the next Sprint into efigrained items of
approximately two or three SPs.

3. New acceptance tests examples were created for #aetgrained item,
approximately a maximum of twenty examples per item

4. The new split items were estimated and

5. Created in the PBL where they were linked to otteans and features, and old

items were marked as duplicated and linked to neeso

Sprint Review

Sprint Review sequence and steps:
1. Meeting started with a inspect product period afrti@nutes:

a. PAPO shared relevant Business context informatioing ten minutes
maximum. Themes like customer demos, product dBwsi
competitors and financial information was sharedhwall Teams
representatives.

2. A Sprint inspection step of around two hours sthrte

a. PAPO started to explain the Sprint Goals and shaWeddefinition of
Done (DoD) agreed in the Sprint Planning meeting.

b. For each US item PAPO told if the DoD was met.

c. If item met DoD is considered Done and PAPO exgléimgoal.

d. Team then run automated acceptance tests for tdvat and PAPO
tried it out in the system.

e. If item was not considered Done, PAPO decideddhit be showed at
the end of the Sprint Review.

3. The meeting continues with an Inspect Productf@nty minutes.

a. New items for the next Sprints were presented bl GA

b. Teams performed comments and suggestions reganeéiwvg changed
or deleted items, as well as major impediments theemoved, would
help the Team.
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Annex D — Scrum Practices Summary

‘ybiy aq o3 wels

uoIsI29 O:
193f04d 8y} Ul SWea} Jo Jaquinu a8y} UBYM |njasn Ajawalixa se Alan e se pauoday - IS199p 40O

slaquiBW 4oJ -

doD yoea Aq papioap si Aousnbal -

(doD)
Sadljoeld-Jo-sanjiunwiwo)d

‘uoISaY0d Wea) Jusuodwod J9ju| pue Wea) ajowal Jalul Yeam Alan e pauoday -
‘leof uowwod e b

0} %I0M pue paziuoiyduAs 186 0) wayl usamiag uolrewlojul Buureys jo wre bunasw
ay) Yyoeal Jup|nod pue sbui@aw asay) ul 1salelul yonw pauodal LUpIp swes] -
pasu s,wea} e woy jou pue ‘Juswabeuew Ag papiosp uoiezifeal sbunssi -

S91IS JBYJ0 0] Pa1I_aUL0D
Apowsa. wooi Bunssw juior

wea}
yoea Jo sanjeuasaldal g -

uoljeINp wnwixew yt -
Jusuodwod-1aul Aepl4 Alang -

uoljeInp WNWIXep “uiw Qg -
juauodwod-enu Aepsaupap\ Alang -

SWNIJdS-Jo-WnIoS

40D wapuodsanod
2y} 01 sanssl| ay) ssaippe pue Bunesw asay) dols 0 paploap Sem ) oS --
Sd0D 8y} Ul UeY) SaNSS| awes ay) 1sow Buissnasip alem Asy) 1eyl pajlaA -
Aj@10Wwal pjay 03 ynayip Buesw aanoesaul Ao -
uuds pauueld Apealre syl 1oedw M TeY) SUOISIOSP USXel 8q PInod alayL -
Buluue|d juuds 1aye pjay ag Ajuo pjnod 31 saduaIayIp SUOZ Wi} 0} ang -
‘Buluue|d
unds al0jaq pue sanjdadsonay-wea] Jaye bl In220 pnoys Buneaw Ajfeap -

S8IS Jay10 0] Pa1odULO0D
Apowsal wool Bunssw juiop

wea) yoea Jo anjeuasaldal T -
SIBISE\ WNIOS -

uoljeInp wnwixew QeYT -
SSNOSIP 0] SaNSSI Mau ae
aIay} JI UOIIeZI[a1 SpIJaP SIBISENWNIOS
uuds ays jo Aepsany 1sT -

sanndadsonay julor

*Kepuo 01 11 suodisod 0} paau pue manay Juuds Jaye

1ybu Bunesw asay) wiopad 0} 3|ge 10U Sem e|pu| ‘SaduaIayIip 8U0z awi 0} ang -
'9)IS pue|od Ul usas

Alreroads sem inoneyaq siylL “wre Bupesw ay) 0} JWWod Ajnj 10U Op pue uoousdye
Y} ul Aliea ad1jo anea| 0} PaIISIP SIBCWBW Wea) SWOS pue ‘uoousaye Aepud e uo
Money unds Jaye ybu paundado Bunesw asay) Jey) 1.} 8y} aiam sanss| pauoday -
sBunssw

wrea) pajedo|-09 a1am aIay) eyl 1€} ay1 anp pauodal Juswipadwi yonw oN -

aoe(d swea|

sIaqWial wea} ||y -

uoljeInp wnwixew sinoy g -
Bupesw manay
uds saye bu ‘Aep juds 1seq -

saAnoadsonay |anaT-wes |

Bupsaw azjwndo 03 payepdn Bulaq Ajjuelsuod 1duas Builesy --
‘pepeadXe aq 0] Lels uolteinp Buneaw ‘sjdoad Jo Jaquinu aseaidul ay) YIM -
a|npayas
Bunaaw ay3 uo aaibe Ajiny 03 YNdWIP ‘sinoy Bui}Iom uowwod pasnpal 0l ang -
Aj@10Wal pjay aq 01 unsaw JNaWIp Al e se pauoday -

S3MIS Jay10 0] PaoaUUO0D
Apowsal wooi Bunssw juior

wea} yoes Jo anjejuasaldal T -
Odvd -

uoljeINp wnwixew QgYg -
Aep juds 1se7 -

MaInSY Juuds

alqe}

aoe|d swea]
awes ay) punoJte Jagquiaw weaj |fe yum [am Aan Bupom aq 03 pauodal Bunssiy -

s1pquaW Wea) ||y -

uolyelnp wnwixew sinoy ¢ -
Juuds ay) jo Aepsany pug -

Juswiauyay Booeg
10NpoId [9AST-Wea |

suedioiued usamiag abpajmous [e2JUdYS) U0 S[aAd| JUSIaYIP YIM Sainayiq -
‘afenbue| Jaylow J18Y) Ul Jou pue A|910Wal UoISSNISIp
[ea1uy29) pjay 01 ynayip 38} sajuediored Ing ‘Ajrewsou Buniom aq 03 pauoday -

S91IS JBYJ0 0] PalI_auL0d
Apowsa. wooi Bunssw juior

a)Is yoea ul Jojeljioey T -
suadxa Jayew 109[gns -

wea) yoea Jo anjejuasaldal T -
SOdvd -

uolyelnp wnwixew sinoy g -
juuds ayl Jo Aepuoln pug -

SUETETIEY|
Bojoeg 1onpoid uior

papodal SaNSS! LUOIRIOMR|09 PUB LOedIUNWIWOD ou ‘Buiasw wea} pajeso|-od -

S[OeIoeIu0d

aoe(d swea| aq pinoys sOdvd - 2 ued
pauodal swawipadul oN slaquiaW wea} ||y - T Ued Joye bu ade|d sexe) g ued -
Swowpsdul wee) ped yoes wnwixew noy T - Buluued uuds
: ‘| seus uayio 01 perosuu0d R
urew se papodal SUOIE}WI| S|00} UOITEDIUNWIOD pue SaNSS! UoeduNWWo) - A SEM_: “:M_wh m“_meE ”_D__on yoea Jo sanleluasaldal g - Ae@ st Junds T Ued
*Ai@10Wal piay aq 03 }nayip Bunsaw aanoelalul AIDA - ! ) : sOdvd -
pauodal Sanss| UoITeIoge|0d pue UoITedIUNWWOd ou ‘Bunsaw wea) pareso|-0Q - ooed swes) sIaquiall Wweay ||y - uoljeINp WNWIXep “uiw GT - TR 4G
pauodal syuawipadwy oN - ! I9)SEN WNIDS - wea] Alans ul Ajreq - S Aired
swawipadw]  /sabusjeyd 5_4_2 moJ_n_ swedoney uoneing/Aouanbai4 aJnoeId WNIoS

109



Applicability of Agile methodologies in Global Sefare Development Projects
- a Scrum Case Study -

This page intentionally left blank

11C



Applicability of Agile methodologies in Global Sefare Development Projects

- a Scrum Case Study -

Annex E — Challenges Summary
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