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“The important thing is not to stop questioning. Cu-

riosity has its own reason for existing.”

(Albert Einstein)
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CHARACTERIZING THE PRESENCE OF AGILITY IN LARGE-SCALE

AGILE SOFTWARE DEVELOPMENT

RESUMO

Em fevereiro de 2001, o Manifesto Ágil foi proposto tendo como princípio equipes

pequenas e co-localizadas. No entanto, ao longo destes 16 anos, a agilidade também foi

posta em prática em outros contextos, como por exemplo: equipes distribuídas e sistemas

complexos, utilizando-se o termo "Desenvolvimento Ágil em Larga Escala". Não há uma

definição clara e compreensiva de como a agilidade está presente neste contexto. Assim,

nosso trabalho preenche essa lacuna com o objetivo de caracterizar a agilidade no Desen-

volvimento Ágil em Larga Escala. Neste trabalho, realizou-se um estudo organizado em

duas fases. Na Fase 1, denominada Base Teórica, realizamos um estudo do estado-da-

arte da área. Na Fase 2, denominado Estudo Empírico, nós realizamos duas investigações:

um estudo de campo em uma empresa ágil em larga escala, para identificar o desenvolvi-

mento durante o processo de transformação da empresa para esta nova abordagem e, um

grupo focal, para identificar como as equipes ágeis em larga escala que vêm utilizando os

métodos ágeis o quanto se percebem em termos de aspectos de maturidade ágil. Estes

resultados contribuem para os pesquisadores e profissionais entenderem melhor como a

agilidade é definida e percebida nestes grandes ambientes. O conhecimento é útil para

aqueles que querem entender como o desenvolvimento ágil se adapta a tais ambientes e

para pesquisadores com o objetivo de se aprofundar sobre o tema.

Palavras-Chave: Desenvolvimento Ágil em larga-escala, Desenvolvimento de Software Ágil,

Agilidade, Estudo Empírico.



CHARACTERIZING THE PRESENCE OF AGILITY IN LARGE-SCALE

AGILE SOFTWARE DEVELOPMENT

ABSTRACT

The Agile Manifesto was proposed in February 2001 having in mind small and col-

located teams. However, agile has also been put in practice in other settings (e.g. large

teams, distributed teams, complex systems) under the term ’Large-Scale Agile Develop-

ment’ (LSAD). There is no clear definition for and understanding of how agility is present

in this setting. Thus, our work fills in this gap aiming to characterize agility in LSAD. We

conducted a study organized in two phases. In Phase 1, named Theoretical Base, we con-

ducted the state-of-the-art of the area. In Phase 2, named Empirical Study, we conducted

two investigations: a field study in a large-scale agile company to identify how agility was

developed during the transformation process of the company to this new approach, and a

focus group to identify how large-scale agile teams that have been using agile for a certain

while perceive themselves in terms of maturity in agile aspects. Findings contribute to re-

searchers and professionals better understand how agility is defined and perceived in large

settings. This knowledge is useful for those who want to enter the agile journey in such

similar environments and for researchers aiming to further explore the topic.

Keywords: Large-Scale Agile Development, Agile Software Development, Presence of Agility,

Empirical Study.
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1. INTRODUCTION

Agile development was proposed as an alternative to traditional software develop-

ment aiming to help teams to better respond to unpredictability through incremental, itera-

tive work that values individuals and interactions over processes and tools, working software

over comprehensive documentation, customer collaboration over contract negotiation, and

responding to change over following a plan [13]. However, the Agile Manifesto [13] and the

subsequent methods derived from its principles were designed to support small, co-located

teams, allowing people to collaborate and coordinate work face to face, facilitating communi-

cation. The software industry has changed since them, and nowadays it is common to have

agile large projects developed by large teams distributed over the globe.

To confirm this trend, VersionOne’s Annual State of Agile Survey (2015) [77] 1 re-

ported that nearly two-thirds of the respondents in their survey said they worked for software

organizations with more than hundred people, and 31% stated that they worked for soft-

ware organizations with more than thousand people. The number of large enterprises that

are embracing agile continues to increase each year. For instance, more than 24% of the

respondents worked for organizations with over twenty thousand employees, compared to

21% in 2014. These results are confirmed in literature reporting cases of agile adoption

from large organizations such as BMC (2006) [46], Amazon (2009) [9] [21], IBM (2010) [5],

Ericsson (2013) [68], HP (2013) [117], among others.

Despite the benefits acquired with the agile adoption, including higher satisfaction,

feeling of effectiveness, increased quality and transparency, increased autonomy and happi-

ness, and earlier detection of defects [66], better team communication and customer collab-

oration [93], and self-organizing teams [15][59], the transformation is arduous and requires

a lot of effort and the overcoming of challenges and barriers. For instance, Alzoubi, Gill,

and Al-Ani (2016) [3] found six critical challenges categories when a distributed company

adopted agile, namely: distance differences, team configuration, customer communication,

project characteristics, organizational factors, and human factors.

There are also cases in which a large company with globally-distributed teams has

failed in its scaled agile transformation (e.g., [88]); open questions about the main chal-

lenges related to requirements in large-scale agile software development [97], and recurring

communication problems when teams were only geographically-distributed [3].

Literature reports practices to support and mitigate the main challenges and con-

cerns teams face during an agile transformation in large settings. For instance, Larman and

Vodde (2008 - 2010) [70] [71] and Schiel (2009) [100] wrote books based on their expe-

riences with industry about how to conduct agile adoption on a large scale. They provide

step by step guidance for leading an enterprise into the transformation. There are also

1VersionOne is a well-known worldwide consulting company in agile development.
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frameworks on how to consider agile at the enterprise level. For instance, the Scaled Agile

Framework [74], SAFe in short, integrates agile, the Lean philosophy, and product devel-

opment flow thinking with a new operating model that successfully coordinates work at all

levels: team, program, and portfolio. The Large-scale Scrum (LESS) framework [72] aims

to offer the most direct, concise, actionable guide to reaping the full benefits of agile in

distributed, global enterprises. The Disciplined Agile Delivery (DAD) framework [6], which

focuses on light-weight guidance to help organizations streamline their IT processes in a

context-sensitive manner, showing how the various activities such as solution delivery, oper-

ations, enterprise architecture, portfolio management, and many others work altogether. All

frameworks above have been defined by practitioners or experienced consulting profession-

als.

Although the availability frameworks above, being an ’agilist’ involves more than

merely adopting practices or frameworks. Teams and organizations need to acquire agile

mindsets, master new behaviors and change a culture to follow better the twelve principles

proposed in the Agile Manifesto [13]. These characteristics are abstract and can be difficult

to be incorporated by a team. For instance, the study of Eklund, Olsson, and Strøm (2014)

[37] identify as an open issue the translation of agile ideas (manifesto and principles) in its

large-scale agile team in a context of mass-production. On the other hand, Lagerberg et

al.(2013) [68] found positive impacts with the usage of agile principles on two large-scale

projects at Ericsson. The findings of Lagerberg et al. are related to improved knowledge

sharing, increased project visibility and productivity, and coordination effectiveness. These

two studies confront an open question mentioned by Reifer, Maurer and Erdogmus (2003)

[96]: "How scaling agile without sacrificing the underlying principles of the Agile Manifesto?"

Despite the popularity of the topic, the LSAD field is incipient and there is no clear

characterization of definitions, settings and current challenges. Many studies report on the

term LSAD identifying a large company in an agile transformation [61]. Other studies have

reported that large scale agile is a term defined for large projects [38], or for large and

distributed teams [87] [55]. Other studies go further and include collocated teams using

agile inside large companies [40] [78].

Those dispersed information may mean a great effort for researchers and practi-

tioners to identify the applicability of the available studies and to report and search studies

of an empirical nature. Also, we realized that the presence of agility in such domain needs

to be comprehensive and have a consolidated body of knowledge to be a resourceful source

of use by both industry and academia professionals.
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1.1 Research Question and Objectives

The main goal of this research is to characterize agility in LSAD, which includes

identifying the settings in which it takes place, strategies taken, and the challenges faced by

a company and teams to be agile in this scenario.

In order to achieve our goal, the following objectives were defined:

• (Obj1). To identify the state-of-art of LSAD in literature. (Study 1).

• (Obj2). To empirically identify how a large-scale agile company goes through the trans-

formation of becoming agile. (Study 2).

• (Obj3). To empirically identify whether agility is present in large-scale agile teams and

the challenges faced by such teams to be agile in such setting (Study 3).

1.2 Contributions

The contributions are related to each of the three studies conducted in this re-

search, as presented next.

From the Study 1, the systematic mapping review in Objective 1, we identified the

state-of-art of LSAD research including definitions, settings involved, and challenges in this

context. Our contribution with the systematic mapping review showed challenges faced in

LSAD, and the importance of scaling agile practices to support LSAD. Furthermore, it was

possible to characterize LSAD.

From the Study 2, the field study in a large-globally company in Objective 2, we

identified lessons learned about how achieved agility in such scenario. We also identified

the reasons and strategies taken by this company to adopted agile in their processes. Fur-

thermore, this study has shown significant challenges and gaps from the literature to be

investigated in future works.

From the Study 3, the focus group study were conducted from two different compa-

nies in Objective 3, revealing that agility persists at different levels within the agile maturity.

However, we cannot generalize the results of the presence of agility in LSAD. Thus, new

studies can be conducted to build new theories on the question presented.

Overall, from the software engineering perspective, this work contributed to the

understanding of definitions, the presence of agility, project’s settings, practices, and chal-

lenges faced in LSAD. From the software industry perspective, this work contributes to pro-

viding new information about LSAD characteristics, the strategies taken by a company and

teams to adopt LSAD in their work processes, and how to agility agility in large settings.



16

1.3 Structure of this Dissertation Thesis

The remainder of the Master Thesis is organized as outlined next. Chapter 2

presents the theoretical background of the main topics discussed this Master Thesis. Chap-

ter 3 introduces the research methodology followed in this research. Chapter 4 presents

results from a systematic mapping review on LSAD. Chapter 5 and Chapter 6 present re-

sults from our empirical study phase which is comprised of a field study in LSAD (Chapter 5)

and a focus group study (Chapter 6). Chapter 7 concludes the work by revisiting the posed

research objectives, the main contributions of this Master Thesis, limitations of this research,

and future studies.
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2. THEORETICAL FOUNDATION

This chapter presents the theoretical background related to this work. Section 2.1

reviews the agile software development concept to build the foundation required for this

work. This section is organized as follows: Section 2.1.1 introduces the Scrum method,

Section 2.1.2 describes the Extreme Programming method, Section 2.1.3 presents the Kan-

ban method, and Section 2.1.4 introduces the philosophy behind agility. Section 2.2 briefly

describes the LSAD concept. Section 2.3 describes the related work of this Master Thesis.

2.1 Agile Software Development

Agile software development arose in the mid-1990s [34] with the purpose to at-

tend the need to define a new way to produce software in a scenario driven by changes, in

which traditional methods such as the Waterfall were not satisfiable any longer. Agile soft-

ware development is based on releases and faster delivery to the customer, as defined by

Sommerville (2011) [110].

Agile methods such as Scrum [101] and Extreme Programming (XP) [12] are based

on the Agile Manifesto [13], proposed based on empirical knowledge of 17 renowned de-

velopers and software business consultants such as Martin Fowler and Kent Beck. The

Manifesto was based on four values, as follows:

• Individuals and interactions over processes and tools;

• Working software over comprehensive documentation;

• Customer collaboration over contract negotiation;

• Responding to change over following a plan.

According to the Manifesto, while there is value in the items on the right, the items

on the left are valued more. To better understand the value of agile software development,

after the Manifesto, twelve fundamental principles were added [13], as follows:

• The highest priority is to satisfy the customer through early and continuous delivery of

valuable software;

• Welcome changing requirements, even late in development. Agile processes harness

change for the customer’s competitive advantage;

• Deliver working software frequently, from a couple of weeks to a couple of months, with

a preference to the shorter timescale;
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• Business people and developers, must work together daily throughout the project;

• Build projects around motivated individuals. Give them the environment and support

they need, and trust them to get the job done;

• The most efficient and effective method of conveying information to and within a devel-

opment team is face-to-face conversation;

• Working software is the primary measure of progress;

• Agile processes promote sustainable development. The sponsors, developers, and

users should be able to maintain a constant pace indefinitely;

• Continuous attention to technical excellence and good design enhances agility;

• Simplicity–the art of maximizing the amount of work not done–is essential;

• The best architectures, requirements, and designs emerge from self-organizing teams;

• At regular intervals, the team reflects on how to become more effective, then tunes and

adjusts its behavior accordingly.

Agile software development has individuals values and principles going beyond of

a vision of following a software development process. In essence, agile methods promote

values and practices to achieve the term ’agility’, which refers to the culture and behavior of

those developing software [23].

The values are based, mostly, on the interaction between individuals to share the

knowledge to produce software with quality in a short time (releases), which in turn requires

customer collaboration and frequent communication among the team members. This reg-

ular interaction between individuals does not require to have a formal documentation as

prescribed in traditional development [22].

2.1.1 Scrum

Scrum provides practices for developing software represented by self-organization,

management of empirical processes, and knowledge creation. Schwaber and Sutherland

(2013) [115] define Scrum as a framework where people can address complex adaptive

problems productively and creatively delivering products of the highest possible value.

The Scrum team consists of a Product Owner, the Development Team, and a

Scrum Master. Each responsibility of a Scrum Team Member according to Schwaber and

Beedle (2001) [102] and Schwaber and Sutherland (2013) [115] is:
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• Product Owner: The person responsible for the project, by having to manage, control,

and make the product backlog visible. The product owner makes the final decision of

the tasks related to the product backlog and turns issues in the backlog into features

to be developed.

• Scrum Master: The person that helps everyone in the Scrum Team to understand

and embrace the values, principles, and practices of Scrum. This role acts as a coach,

leading the process and helping the Scrum Team and the entire organization to develop

its high performance.

• Development Team: Development team is structured and empowered by the organiza-

tion to organize and manage their work. Such as a team is responsible for turning the

product backlog into increments of potentially releasable functionality during the period

of a work release.

Scrum events and artifacts are specifically designed to enable critical transparency

and inspection as described by Schwaber and Sutherland (2013) [115] and Rubin (2013)

[99]:

• Sprint: In Scrum, the work is performed in iterations or cycles of approximately one

month of time-boxed, named sprint. The work done in each sprint should create a

product of tangible value to the customer. Once the Sprint begins, its duration is fixed

and cannot be reduced or increased. A new sprint starts immediately after the last

sprint has finished. As a rule, no change in scope is allowed during a sprint.

• Sprint Retrospective: The sprint retrospective is an opportunity for the Scrum Team to

inspect itself and create a plan for improvements to be enacted during the next sprint.

• Sprint Planning: The work to be performed in the sprint is planned at the sprint plan-

ning. This plan is created by the collaborative work of the entire scrum team. Sprint

planning is time-boxed to a maximum of eight hours for a one-month sprint.

• Daily Scrum: Is a 15-minute time-boxed event for the development team to synchronize

activities and create a plan for the next 24 hours.

• Sprint Review: A sprint review is performed at the end of the sprint to inspect the

increment and adapt the product backlog if needed. During the sprint review, the scrum

team and stakeholders collaborate about what was done in the sprint.

• Product Backlog: The product backlog is an ordered list of everything that might be

needed in the product and is the single source of requirements for any changes to

be made to the product. The product owner is responsible for the product backlog,

including its content, availability, and ordering.
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• Sprint Backlog: The sprint backlog is the set of product backlog items selected for the

sprint, plus a plan for delivering the product Increment and realizing the sprint goal.

• Increment: The increment is the sum of all the product backlog items completed during

a sprint and the value of the increases of all previous Sprints.

2.1.2 Extreme Programming

XP is an agile and flexible way to manage changes in the software development

scenario [12]. The method was developed for small to medium-sized teams (10 people in

the same environment). The team is prepared to take the principles and empirical practices

to extreme levels [12]. In the XP method, requirements are identified through "user stories"

and implemented as a "series of tasks." Programmers work in pairs and develop tests even

before the starts to developed code. There is a small gap between system releases, and

the integration is performed after the new code insertion, which necessarily must have all

completed tests [110].

Beck (2000) [12] stares that the practices are simple and fundamental solutions to

follow the XP method. The following list presents a quick summary of each major practices

in XP as explained by Beck and Fowler (2001) [14] and Beck (2000) [12]:

• The Planning Game: The customer decides the scope and timing of releases based

on estimates provided by programmers.

• Small releases: The system is put into production before solving the whole problem.

New releases are often made.

• Stand-up Meeting: The development team meets every day to evaluate the work that

was performed in the day before and prioritize what will be implemented for the next

day.

• Metaphor: Each software project in XP is guided by a single comprehensive metaphor.

The metaphor helps everyone involved in the project to understand the essential ele-

ments and their relationships.

• Simple Design: A simple design where there is no duplicated logic, tests are suc-

cessful, and that all important intentions for the development team and customer are

expressed clearly in the project.

• Tests: Programmers write unit tests which are collected and must run correctly. The

customer writes functional tests for the stories in an iteration.
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• Refactoring: Is the action to change a code due to duplicate code or poor cohesion in

writing implementation without affecting the functionality it implements.

• Collective Code Ownership: Every developer improves code anywhere in the system

at any time if they see the opportunity.

• Pair Programming: In XP method, developers implement the system in pairs, i.e., there

are always two developers to produce the same code.

• Continuous Integration. The system is integrated and tested after a few hours, at most

one day of development.

• On-site customer: A customer sits with the team full-time.

• 40-hour weeks: No one can work a overtime for two consecutive weeks.

• Open workspace: The team works in a large room with small cubicles.

• Coding standards: XP teams follow a standard of coding. Thus the whole system code

looks like it was written by a single - very competent - individual.

2.1.3 Kanban

The Kanban method is an implementation of Lean development principles. Its focus

involves the flow and in the context of what will be developed, offering a less prescriptive

approach compared to other agile methods [8]. Kanban is not only a process used for

software development but the word ’Kanban’ is also used to describe the system that has

been used for decades by Toyota to control and balance the production line visually. The

concept of Kanban is relatively new to the software industry. However, it has been used

for over 50 years in the Lean production system at Toyota [7]. The first virtual Kanban

system for software engineering was implemented in Microsoft in 2006, but it was David J.

Anderson and Don Reinerstsen who expanded the knowledge of the use of Kanban to view

and optimize the workflow in software development, as showed in the Figure 2.1. The Figure

illustrates a well-known resourced used by agile practitioners, the Kanban Board [7].

Kanban is a framework for improvement, highlighting that work process should be

customized for each team in each project [8]. The Kanban method limits the work in progress

of a team to define the capacity and to demand balance about the performance of the work

that will be delivered. By applying this idea one can achieve a sustainable development

path, which reaches a balance between work and personal life of each member belonging

to the team. Kanban also provides visibility to the problems that affect the performance and

workflow of a team making it easier to eliminate these problems that compromise project

performance [7].
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Figure 2.1: A physical Kanban board with a basic, three-step workflow. Source: LeanKit
(2015) [73]

2.1.4 Characterization of Agility

Although there are many publications about agile software development (both state-

of-practice and state-of-art e.g., [24, 39, 35, 32]) since the creation of the Agile Manifesto in

2001 [13], the existing literature suffers from a lack of clarity about to what comprises "agility"

[104]. For instance, Conboy (2009) [25] underlines this gap occurs given that each study (in

systems information) adopts a unique interpretation of what agility means. On the other

hand, Lyytinen and Rose (2006) [76] consider that agility is related to culture and project

environment.

Linked to culture and project, Cockburn (2001) [23] and Highsmith (2002) [54] re-

inforce the definition of agility as "the ability to rapidly and flexibly create and respond to

change in the business and technical domains". Erickson et al. (2005) [39] associate such

statement with a quick change in user requirements and accelerated project deadlines.

While there are several considerations on the agility meaning in agile software de-

velopment studies, we sought (1) to characterize its definition and (2) to identify its presence

during work processes. We identified in literature (from our study in Objective 1) three em-

pirical studies that disscuss the concept of agility in traditional 1agile software development.

The first one is a comparison of agility in agile organizations and agile teams [34], the sec-

ond is a conception of maturity in agile teams [42], and the third is agility characteristics and

agile practices for software processes [2].

• Doyle et al. (2014) [34]

The first study concerns the Comparative Agility (CA) [34]. It is a survey-based as-

sessment tool, used by companies to compare their agility implementations to others. This

1We refer to the term traditional agile development to non-large scale agile settings.
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survey approach assesses agility across eight dimensions (1) teamwork; (2) requirements;

(3) planning; (4) technical practices; (5) quality; (6) culture; (7) knowledge creating; and

(8) outcomes. Each statement of the survey is an agile practice for which the respondent

indicates the truth of the statement about their team or company. For instance, upfront plan-

ning is helpful without being excessive. Team members leave planning meetings knowing

what needs to be done and have confidence they can meet their commitments. Figure 2.2

presents an overview of the CA survey based assessment tool.

Figure 2.2: Comparative Agility Survey. Source: Doyle et al (2014) [34]

• Fontana et al. (2015) [42]

This study characterizes maturity in agile software development. Through the pro-

gressive outcomes, agile teams follow agility. This studies also describes ambidexterity as

a key ability to maturity, which ambidexterity does not prescribe practices nor a process.

It rather describes outcomes that agile teams pursue to improve their working processes.

The complex adaptive systems theory was used to guide the framework definition of the

empirical study conducted to evaluate the framework. The findings show that agility means

fostering subjective capabilities, such as collaboration, communication, commitment, care,

sharing, and self-organization. Figure 2.3 shows a Progressive Outcomes Framework that

we used as "agility compass" [43]. Each line of this framework represents a category of

outcomes. To facilitate our understanding, we translated the "outcomes" of each category

as "characteristics".

The practices learning category presents the agility when the team decides to

change the way of they work. In agile trial characteristic, the team tries to adopt agile prac-

tices, but, usually, they learn on the fly, without successful implementation of the practices.

In the agile learning characteristic, the teams implement an agile method by the book. Af-

ter, in the sense-making of the work processes characteristic the process included taking
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Figure 2.3: Progressive Outcomes Framework. Source: Fontana et al. (2015) [42]

the method learned and tailored it to particular needs. By the end, comprehension of situa-

tion characteristic includes using tools to track the process, to have the team to report work

status, to understand stories sizes, and using simple metrics.

The team conduct category describes the team behavior in the usage of agile. They

start with a responsive characteristic, with practices that demand a leadership position of

command and control. After, the team evolves to a confident team characteristic having the

team members, starting to express their opinions about the decisions. Later, the assertive

team characteristic is when the members are active voices in the project and promote the

process improvement initiatives. In the end, a sparkling team characteristic is when the

team is still assertive but also characterized by technical excellence, high performance, and

motivation to continuous learning.

The deliveries pace category describes how outcomes for deliveries evolve. Teams

start investing in iterations to control the coding process. The code is not delivered. It is kept

for further testing and integration (expected frequently finished coding characteristic). In the

next characteristic expected frequent deliverable the team implement processes that make

this code ready for delivery, but would not be delivered yet due to many reasons. Then, to
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actual deliveries at the end of the iterations – usually late deliveries. The team then, in the

next characteristics, starts working on practices to have a defined delivery, that is, a delivery

that is performed on time.

Features disclosure category describes outcomes teams pursue when describing

the features the software will comprise. The requirements gathering characteristic repre-

sents a process of eliciting requirements similar to traditional software process. In the re-

quirements discovery characteristic, the team improves the quality of the requirements to

make sure they meet customer expectations. After, in the requirements quality characteris-

tic, the team uses different techniques in requirements definition.

In the software product category, the team implements the practices to improve

the software itself. First, in the awareness of failures characteristic the team perform agile

practices to have a good resulting source code. The next characteristic is to focus on high-

level delivered software, i.e., ensuring a good delivery. The efficient coding category, when

practices such as integration, testing, and deploy automation are implemented.

The customer relationship category comprises when the team implements prac-

tices to improve its relationship with the customer. The first characteristic represents the

team gaining awareness of the customer. Then, the second characteristic is when the cus-

tomer gets acquainted with the team’s capabilities and the agile work processes. The con-

fident customer characteristic is when the deliveries are going to happen and what is going

to be delivered. The partner customer is when the team helps define requirements and

solutions for the customer’s business problems.

The organizational support category describes the characteristics related to the

company’s position to agile transformation. When a company is in agile motion, there are

isolated, and small, bottom-up initiatives start for agile adoption. After, in agile commitment,

the top management starts supporting the agile adoption. Next, in agile priority the changes

that change its structures, roles, and processes to enable the agile transformation. Finally,

in the agile business characteristic the company is recognized for being agile.

We choose to use Fontana et al.’s (2015) [42] work as a reference, given their

framework helps agile teams to identify agility stages. Also, different from the previous study

(Doyle et al. [34]) the progressive outcomes framework does not compare the agility of

different companies, but rather emphasizes the maturity characterization of the agile team.

More details on how the framework was used in our study is presented in Chapter 3 research

methodology and in Chapter 6 focus group study with large-scale agile teams.

• Abrantes and Travassos (2013) [2]

In this work, Abrantes and Travasssos (2013) [2] assessed the pertinence and rel-

evance of agility characteristics and agile practices for software processes. Through a sys-

tematic literature review and a survey method, they identified 16 agility characteristics and

15 agile practices were considered relevant to agility in software processes, as follows:
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• Characteristics of agility: Being collaborative, being cooperative, being incremental,

adaptability, self-organization, being iterative, constant testing, emergency, feedback

incorporation, leanness, modularity, people orientation, reflection and introspection,

small teams, time-boxing, and transparency.

• Agile practices: Coding standards, collective code ownership, continuous integration,

metaphor, on-site customer, planning game, product backlog, project visibility, refac-

toring, simple design, short releases, daily meetings, and sustainable pace.

2.2 Large-Scale Agile Development

LSAD is a generic term that includes large companies. From the perspective of

size, literature reports the number of developers in a team, the number of teams, project

size, systems and line codes, and also project duration [29]. For example, LSAD might be

having more than two teams [33], a project size with more than 150 developers [117], part

of a product consisting of 10-12 million lines of code, or 30 subsystems partly developed in

Sweden and China [79].

Furthermore, some characteristics should be taken into consideration about the

geographical distribution of teams, agile teams working on a large company with entrenched

traditional culture, agile teams working on a system complexity requiring a viable architec-

tural strategy, top management support.

Based on findings from our systematic mapping review (see Section 4), we defined

LSAD to denote software development organizations with 50 or more people [29] and teams

composed of more than one team [33]. People in the team do not need to be developers, but

must belong to the same software development organization developing a standard product

or project, and thus have a need to collaborate. The company can be in a traditional struc-

ture, but with agile initiatives. Chapter 4 details all definitions reported from literature, and

also other characteristics that underlie the concept of LSAD.

2.3 Related Work

There are only a few empirical studies in literature discussing LSAD [29]. These

studies are mainly focused on experiences reporting agile transformation, strategies, and

challenges to adopt LSAD. Next, we present the related work to this Master Thesis, both to

point out the contributions of previous research and to place our contributions in the proper

context. First, we will present a paper from Dikert et al. (2016) [29] that identify the lack of

description of has been followed in reported empirical studies.
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• Dikert et al. (2016) [29]

The main contribution of this study was to identify the lack of description of what research

method has been followed in reported empirical studies of LSAD. From the 55 studies ana-

lyzed in this study, only 10 of them reported this information. Also, for being the first system-

atic literature review on the topic, it included studies on LSAD those that remain more than

50 people working for the same company. Furthermore, challenges and success factors

were analyzed and described. The study reported 29 success factors organized into eleven

categories and 35 challenges grouped into nine categories (see Table 2.1). The challenges

categories that received the most citations are difficulties to implement agile, integrating non-

development functions, change resistance and, requirements engineering challenges. The

success factor categories that received the most citations are: choosing and customizing the

agile approach, management support, mind- set and alignment, and training and coaching.

Table 2.1: Success factors and challenges in LSAD transformations

ID Success Factors Challenges

1 Management support Change resistance
2 Commitment to change Lack of investment
3 Leadership Difficulties to implement agile
4 Choosing and customizing the agile Coordination challenges in multi-team
5 Piloting Different approaches emerge in a multi-team
6 Training and Coaching Hierarchical management
7 Engaging people Requirements engineering challenges
8 Communication and transparency Quality assurance challenges
9 Mindset and Alignment Integrating non-development functions
10 Team autonomy
11 Requirements management

• Lagerberg et al. (2013) [68]

The purpose of this multiple-case study research was to contribute to empirical

evidence on the impact of using agile principles and practices in LSAD projects at Erics-

son. These findings were organized into seven areas: software documentation, knowledge

sharing of teams, project visibility, pressure and stress, coordination, and productivity. Thus,

the identified agile adoption effects in the studied projects were: (a) correlate with a more

balanced use of internal software documentation, (b) contribute to knowledge sharing, (c)

correlate with increased project visibility and coordination effectiveness, (d) reduce the need

for other types of coordination mechanisms, and (e) possibly increased productivity. No

correlation with an increase in pressure and stress was found.

• Paasivaara (2016) [90]

This study presented a case study on scaling Scrum in a large globally distributed soft-

ware development project at Nokia. In this study the authors investigated "How did the case
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project scale Scrum over multiple teams and sites?", growing from two collocated Scrum

teams to 20 teams located in four countries with a total of 170 persons taking over agile ap-

proach at once. Moreover, they reported the challenges faced during this 2,5 year of scaling

agile practices. They gathered data from 19 semi-structured interviews of project person-

nel from two sites. Interviewees comprised different roles including managers, architects,

product owners, developers, and testers.

The project was highly successful from the business point of view, as an agile-

enabled fast response to customer requirements. However, the project faced significant

challenges in scaling Scrum despite attempts at adopting the LESS framework. This nat-

urally leads to the question of whether the problems were due to inherent problems in the

framework itself, or due to it being poorly implemented. The organization experimented with

different ways of implementing scaling practices like implementing common sprint planning

meetings, Scrum-of-Scrums meetings, common demos and common retrospectives, as well

as scaling the product owner role.

• Dingsøyr and Moe (2014) [31]

This study is a revised agenda for LSAD emerged from workshop discussions on the topic of

LSAD aiming to understand and establish a set of definitions and aspects for LSAD. Some

definitions and characteristics described for LSAD in the workshop are listed below:

• Definition (1): Agile software development in over 50 developers, 1 or 1/2 million lines

of code, or more than three sites / time zones;

• Definition (2): Agile software development in over 50 persons, over five teams, devel-

oping together the same product / project using agile method;

• Definition (3): Agile being applied to more than one team,

• Aspect (1) - Architecture: figuring out how work is coordinated. Architectural work sup-

ports the implementation of high-priority business features without risking excessive

redesign later or requiring strong coordination between teams [83].

• Aspect (B) - Inter-team coordination: creating effective knowledge networks is essen-

tial due to the knowledge-intensive nature of software development [53];

• Aspect (C) - Portfolio management: providing continuous feedback from the portfolio

to project levels enables the teams and project members to take decisions that are

consistent with the goals of the large-scale agile portfolio [67];

• Aspect (D) - Scaling: describing the context for agility and scale is essential for under-

standing how to improve it LSAD is when a company would be in an agile thinking on

all levels of the company [65].
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• Fitzgerald et al. (2013) [41]

This paper presents a case study of how agile methods can be scaled to regu-

lated environments (non-agile environments). The results of this study show that scaling

agile development at a leading supplier of regulatory compliance management solutions for

document and quality management, submissions management, and regulatory approval in

the life sciences sector has worked very well. For example, compliance is more immediate

and evident in real-time-continuous. Also, the concept of living traceability has been coined

to reflect the end-to-end traceability that has been facilitated by the toolset that has been

implemented to support agile development.

Thus, the assumption of incompatibility between agile methods and regulated envi-

ronments is more accidental than essential. Also, the V-life cycle model frequently adopted

in controlled environments appears compelling in that there is a clear sense of traceability

between the levels of resting and the levels of analysis, design and coding activities. How-

ever, as pointed out by one of our practitioner interviewees: “Agile is a lot of small Vs” and

the levels traceability can be clearly accomplished in the agile mode of development. Ac-

cording to the authors, these findings may provide right motivation to other organizations

that wish to explore how they can benefit from adopting agile methods.

• Heikkilä et al. (2010) [53]

This case study was conducted in five release planning events and four retrospec-

tives in two projects at a large F-Secure software company. First, the authors described how

a release planning method was employed in these projects, identifying the benefits which the

projects gained from the method, and analyze challenges in the cases and improvements

made to the method during the case projects. The aimed of the method was release plan-

ning events where the whole project organization gathered to plan the next release. They

identified ten benefits which included improved communication, transparency, dependency

management and decision making. Also, nine challenges were revealed in the study, which

included the lack of preparation and prioritization of requirements, unrealistic schedules,

inadequate architectural planning, and the lack of an agile mindset.

The biggest improvements to the method were the introduction of frequent status

checks and a big visible planning status board. The release planning process ameliorated

many challenging characteristics of the release planning problem, but its efficiency was neg-

atively affected by the performing organization that was in transition from a plan-driven to an

agile development mindset. Even in this case the benefits clearly outweighed the challenges,

and the method enabled the early identification of the issues in the project.
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2.4 Chapter Summary

In this chapter, we presented concepts covered in this research in which included:

Agile software development and LSAD. For agile software development, we identified that

agility concept changes for each setting and depending on the local culture. However, for

this Master Thesis, we have identified three relevant studies [42][34][2] covering the different

definitions found on agility. We chose the Fontana et al. (2015) [42] study because it repre-

sents characteristics of agility in traditional agile teams. We aim to identify the presence of

agility in large settings instead.

We identified that LSAD area is a generic term that includes large companies and

can refer to different aspects of software development: the number of members in a team,

the number of teams, project size, systems and line codes, and also project duration. This

work adopts the definition of more than one software team working on software development

organizations with 50 or more people or more than one software development team working

on the same project, product or system. We chose this definition to empirically understand

how a company and teams follow agility in LSAD.
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3. RESEARCH METHODOLOGY

This chapter discusses the aspects related to the research methodology followed

in this work. Section 3.1 provides a brief definition of each of the research methods adopted

in this research. Section 3.2 describes the adopted research design.

3.1 Methodological Background

This research is exploratory. Yin (2013) [123] defines exploratory research as a

problem which has not been studied previously on the topic under study. Moreover, it helps

the researcher to identify new research questions and problems to be investigated.

Exploratory research enables the adoption of different research methods to perform

a study. In this work as detailed in Section 3.2, we decided to use as primary research

methods the folowing: systematic mapping review, field study, and focus group study. We

summarize each research method next.

3.1.1 Systematic Mapping Review

Systematic mapping review is a comprehensive review of primary studies on a

particular topic, which aims to identify what evidence is available on this subject. A mapping

study provides a systematic and objective procedure for determining the nature and extent

of the empirical study data that is available to answer a particular research question [19].

The analysis of results focuses on frequencies of publications for categories within

a scheme. Thereby, the coverage of the research field can be determined. Different facets

of the plan can also be combined to answer more specific research questions [94]. The

process of a systematic mapping review is similar to a systematic literature review [56], but

there are differences of the goal of each method. Table 3.1 depicts these differences [17]

[56].

Table 3.1: Comparison of systematic mapping review and systematic literature review

Systematic Mapping Review Systematic Literature Review

High level analysis In-depth analysis

Categorization / classification by evidence
Analysis focused on comparison /
description / critical

Performed when the topic is
too broad (mapping the area)

Performed when the topic is
more specific

It helps to identify topics of interest
to conduct a systematic review

Supported by systematic mapping review
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We performed a systematic mapping review. This systematic mapping review

helped us to identify definitions for LSAD, the state-of-art of research in LSAD, settings

involved, and challenges for its implementation. Furthermore, the empirical evidence from a

systematic mapping review provides the information about research findings and terms and

definitions used in the current study area.

3.1.2 Field Study

Field study in software engineering is a research method based on a recognition

that software engineering is fundamentally a human activity [108]. To explore real practition-

ers as they solve real problem field studies are required.

To conduct a field study is necessary to use data collection techniques such as

interviews, surveys, brainstorming or notes. The most data collection technique used in

field studies are interviews (the technique used in this research), to understand general

information on the process, personal knowledge, and others [108].

There are three types of categories for interviews [103]: structured, unstructured,

and semi-structured. In structured interviews, the researcher has specific goals in which it

has particular questions and closed scope. In unstructured interviews, on the other hand,

the goal is to collect as much information as possible. This is used when one wants to join

a broad data set on a topic. The semi-structured interviews, in turn, are comprise of closed

and open questions, allowing the researcher to capture their specific topics of interest and

also those that emerge from the conversation [118].

The type of interview defines the control that a researcher intends to have. In our

study, we followed semi-structured interviews with open-ended questions. In Chapter 5 we

present our research approach detailed.

3.1.3 Focus Group Study

The focus group is a carefully planned discussion, designed to obtain personal

perceptions of group members in a defined area of research interest [60]. Morgan [81]

describes it as a technique to collect data through group interaction on a specific topic.

The interaction is the heart of the focus group [58]. This means that the researcher not

only considers the direct answers to interview question but also the discussions among the

participants [28].

The participants are typically in the number of 3 to 12 persons, and the discus-

sion is guided and facilitated by a moderator-researcher, which follows a predefined ques-
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tioning structure so that the discussion stays focused [60]. The group environment allows

participants to build on the ideas of other participants, which increases the richness of the

information gained [69]. Two or more focus groups increasing the chances of success [63].

In this study, we conducted a focus group method to identify the presence of agility

in large-scale agile teams. We chose this because this would provide us with the richness of

interactions among the participants in contrast to the individual opinion of a person. Through

the promoted discussions and reach consensus among the teams themselves, we collected

the perceived opinion of the team on the presence of agility in large-scale agile teams.

3.2 Research Design

The research design was organized in two major phases as shown in Figure 3.1:

(1) Theoretical Base and (2) Empirical Work. Figure 3.1 summarizes the selected methods.

Each phase is described in detail next.

Figure 3.1: Research Design
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3.2.1 Phase 1: Theoretical Base

On the Theoretical Base phase, we focused on getting familiar with the concepts of

agile software development and large-scale agile development (LSAD) by skimming through

literature. This informal literature review provides us enough knowledge to conduct the Sys-

tematic Mapping Review to identify the state-of-the-art on LSAD, which was the first study

(Study 1) out of the three studies conducted in this research (Objective 1, Phase 1.1). More

specifically, the Systematic Mapping Review aimed to identify (1) what are the definitions for

LSAD, (2) in what settings LSAD takes place (agile practices adopted, project sizes, team

sizes, enterprise backround, etc), and (3) what are the challenges faced by agile teams

in such settings. The knowledge developed with this review served to guide the design of

the studies in Phase 2. Details on how the Systematic Mapping Review was conducted is

presented in Chapter 4.

3.2.2 Phase 2: Empirical Work

We conducted two empirical studies. The first (Study 2) was a field study that

aimed to provide insights on the agile transformation of a large-globally distributed company

(Objective 2, Phase 2.1). The investigated company falls into the definition of LSAD given

its large teams, the software development organization with 50 or more people, and teams

composed of more than one team. We had the chance to follow the company from the

moment that senior management made the decision to adopt agile to the time the teams

had to change their working processes and adjust to a new organizational culture. This

exploratory study followed the recommendations defined by Singer, Sim and Lethbridge

(2008) [108] for field studies. A set of 18 senior managers were interviewed over a period of

six months (Dec’14 and Jun’15). Preliminary insights from this agile transformation initiative

in large settings were published at the 2015 Brazilian Workshop on Agile Methods (WBMA)

[98]. We present in Chapter 5 details of this Field Study.

Next, we conducted a focus group (Study 3) with two large-scale agile teams.

These teams fall into the LSAD definition given their number of people and number of teams.

Our main goal with this study was to identify whether agility is perceived as present by large-

scale agile teams (Objective 3, Phase 2.2). By applying a questionnaire to collect the indi-

vidual opinion of the team members and later discussing their feedback as a group to reach

consensus in a focus group session we managed to conclude which aspects of agility are

present in each of the two investigated teams as per the Progressive Outcomes Framework

[42]. To perform this study, we rigorously followed the recommendations on how to con-

duct a focus group study proposed by Kontio (2008) [60] and Krueger (1994)[63]. Before
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selecting the two groups to be investigated, we validated and piloted the data collection in-

struments following Kitchenham (2007) [57] guidelines. The results of the focus group study

is presented in Chapter 6.
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4. SYSTEMATIC MAPPING REVIEW ON LSAD

This chapter presents the results of the Study 1, the systematic mapping study to

identify the state-of-the-art on LSAD (Phase1), which included to identifying definitions, in

which LSAD takes place, and challenges faced by LSAD teams. This chapter is organized

as follows. Section 4.1 describes the research protocol. Section 4.2 presents the results of

the systematic mapping review. Section 4.3 discusses the results and threats to their validity.

Section 4.4 summarizes the chapter.

4.1 Research Protocol

This study was undertaken as an systematic mapping review following the guide-

lines proposed by [56][19][94]. An systematic mapping is known as an exploratory study. It

is a comprehensive review of primary studies on a specific subject, i.e., aims to identify what

evidence is available on a certain topic. This Section addresses the systematic mapping

protocol composed of the research questions posed to guide the mapping review, search

strategies used to search for the aimed papers, the papers selection criteria, and the data

extraction strategy.

4.1.1 Research Question

The LSAD term has first been used in academia in 2001 by Sutherland (2001)

[114]. Despite the growing literature on the topic, the lack of subsequent empirical stud-

ies [29] makes an incipient and unconsolidated area. Our work aims to answer the posed

research question:

• What is the state-of-art in empirical studies on LSAD?

We aimed to understand existing research directions within LSAD and in particular

to identify adopted methods in the literature, identify related definitions, determine which set-

tings are reported in such studies, and investigate challenges. To better state own intended

goal with this review we broke down our primary research questions into four secondary

research questions as presented in Table 4.1.
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Table 4.1: Research questions

Research Questions Motivation

RQ1. Which research methods are adopted
into LSAD studies?

To identify which are the most frequently
adopted methods used in the reported studies.

RQ2. How LSAD is defined in literature?
To identify the homogeneity of the
definitions related to LSAD.

RQ3. What settings LSAD takes place?
To identify what kind of project, enterprise
background, and agile practices are used
in LSAD.

RQ4. What challenges are faced in LSAD? To identify which challenges faced in LSAD.

4.1.2 Data sources and search strategy

To ensure the efficiency of the search, we used boolean search expressions merged

per keywords. Although the standard approach is to characterize the search expressions

based on population, intervention, control, and outcome (PICO) components [17], recent

guidelines on systematic review for software engineering suggest the omission on the PICO

components [56]. Based on these recommendations, we kept the population and interven-

tion components and overlooked comparison and outcome.

In order to perform the automatic search of the selected digital libraries we used

the keywords (synonyms) "Scaled Agile", "Scaling Agile", "Large-Scale Agile", "Large Agile"

and "Agile at Scale" presented in the papers used as a control of this systematic mapping

[33, 89, 65].

Thus, we established the search expression following:

(A) Scaled

(B) Scaling

(C) Large Scale

(D) Large

(E) Agile

All these search terms for LSAD were combined by using the boolean "OR" and

"AND" operator which entails that paper only had to include any one of the terms to be

retrieved and the expression "Agile," therefore, the query:

((A OR B OR C OR D) AND E)

After setting the boolean string, the next step was to choose the databases to run it.

Thus, we chose well-known digital databases arose the following: IEEEXplore, ACM Digital

Library, Springer Link, Science Direct, and Wiley InterScience. These are often used in

software engineering studies.

After the search engines and the main research question defined, we selected

some criteria aligned to the main research question and the secondary research questions
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to help in the data selection and extraction process. We established the following criteria for

the inclusion of studies: The paper must be available online, written in English, published in

workshops, or in conferences, or in journals. Also, papers must have targeted the following

topics: scale agile, large agile, large-scale agile or scaled agile, or even large scale projects,

large projects using agile, and also be empirical studies.

The exclusion criteria consisted of removing duplicate papers or papers that are

not of scientific nature. In all steps, the author and the supervisors of this Master Thesis

read each paper independently. For conflicting evaluations, researchers further discussed

the papers to reach a consensus. In cases where there was no consensus or there was

doubt, the study was included to avoid premature exclusion.

4.1.3 Study selection

We used the string presented in Section 4.1.2 to retrieve the candidate papers from

the digital library in January 2016. We retrieved 906 papers in our search. After applying

the selection criteria, we selected 94 papers for data extraction and analysis. Next, we

present the detailed results of executing the steps shown in Section 4.2. Figure 4.1 shows

the phases of our selection process and detailed in the following list:

• (Step 1) Query entered in the selected digital libraries. We queried digital libraries,

and the references of the retrieved studies were stored in the Start tool 1 to be further

analyzed. As a result, we gathered 906 candidate papers: 216 from IEEE, 257 from

ACM, 133 from Science Direct, 82 from Wiley InterScience, and 218 from Springer

Link.

• (Step 2) Reviewed title, keywords, abstract according to criteria. For this step ti-

tles, abstracts, and keywords were read to verify which studies met the inclusion and

exclusion criteria. Here the titles, abstracts, and keywords were independently ana-

lyzed by two researchers. During this step, the researchers identified and dismissed

95 duplicates gathered from different libraries. After that, by applying the inclusion and

exclusion criteria, 144 studies were returned.

• (Step 3) Introduction and conclusion read. The initial and closing sections of the

studies were evaluated regarding their objectives and results. This analysis enabled

the researchers to verify further if the papers answered the research question and met

all inclusion and any exclusion criteria. When the reading of the opening and clos-

ing sections was inconclusive, the entire paper was read to decide on its inclusion or

exclusion. All 144 papers had their introductions and conclusions analyzed by the re-

searchers. Among them, 50 were dismissed. We did not find the full text of four papers.
1A known tool that supports systematic reviews.
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One of the paper was a previous version of another more complete study. We found 42

papers comprised in research agendas, books, editorials, and tutorials panels.Three

papers were not written in the English language, and four were not available.

• (Step 4) Full paper read. Finally, after selecting a paper by its introduction and con-

clusion, the entire paper was read to decide on its inclusion or exclusion in the review.

We also summarize the total papers found by each source and approach in Table 4.2. This

table also includes the search efficacy, which refers to the studies found and selected from

the search string a step taken. For example, out of the 257 papers found in the ACM Digital

Library, 22 papers were selected, resulting in an efficiency of 8.56%. Regarding the reasons

for excluding papers, we account for them in Table 4.3.

Figure 4.1: Systematic mapping review phases followed in this study
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Table 4.2: Papers found and included per source.

Source Found Relevant Papers Search Efficacy (%)

ACM Digital Library 257 22 8,56
Springer-Link 218 26 11,93
IEEExplore 216 67 31,02
Science Direct 133 7 5,26
Wiley InterScience 82 9 10,98
Total 906 131 14,02
Duplicated 58 37
Sub-Total 848 94 11,08

Table 4.3: Papers excluded per exclusion criteria

Exclusion criteria Excluded Total of Studies

Total (without exclusion) - 906
Related to Agile but not to Large Scale Agile or
Large Scale Projects using Agile

667 239

Duplicated Papers 95 144
Prefaces, Editorials, Books, Discussions, Comments,
Positions, Summaries of tutorials, panels.

42 102

Paper/Article not Available 4 98
Not in English language 3 95
Previous version of a more complete paper 1 94

4.1.4 Data extraction strategy

The data extraction strategy employed was based on providing the set of possi-

ble answers for each research secondary questions that had been defined. This approach

ensure the application of the same extraction data criteria to all selected papers and it fa-

cilitate their classification. The possible answers to each research secondary question are

explained in detailed on the following list.

• In RQ1. Adopted research methods: We extracted adopted research methods of each

paper. They can be classified in one or more of the following answers: (A) Case study,

(B) Survey, (C) Literature review, (D) Grounded Theory, (E) Others Action Research,

Focus Group, etc.

• In RQ2. Definition for LSAD: A paper can be classified in one of the following answers:

(A) yes, a definition paper, (B) yes, but not a definition paper, (C) no (excluded paper).

This question describes the definition of large-scale agile software development of

each paper. When the paper is a definition paper the field is filled as: “to read the full

paper.”

• In RQ3. LSAD settings takes place in LSAD: We extracted (3.1) company information,

(3.2) project information, and (3.3) agile software development characteristics. In the

company information category (3.1) the fields extracted were: (A) Company’s domain
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(B) company’s location, and (C) company’s name. In the project information category

(3.2) we extracted in papers the fields: (A) Project type, (B) distributed or collocated,

(C) number of sites (if applicable), (C) number of teams, (D) number of people, and (F)

project’s domain. (3.3) In the agile software development information category (3.3) we

extracted the (A) agile methodologies, (B) scaling agile frameworks, (C) agile practices

and (D) scaling agile practices.

• In RQ4. Challenges faced in LSAD: We extracted the from the paper where references

to challenges were found and later coded them excerpt.

4.2 Results

In this section, we present the findings of the systematic mapping review (Study1)

based on 94 papers selected upon our search. The results are structured based on the re-

search questions stated in Section 4.1.1 (All 94 papers selected in this systematic mapping

are listed in Appendix A).

4.2.1 Overview of the studies

We analyzed all papers checking the publications per year. Figure 4.2 describes

such distribution. The topic first appeared in 2001, and the last publication was in 2015

(current year of search). The largest number of publications appeared in the last three years

(40 papers out of 90). Also, it is important to highlight that this research was performed in

December 2015. Thus, papers published after December’15 were not indexed in this study.

Out of the 94 papers selected in this study, ten were published in journals, and

84 in conference proceedings. The primary studies are spread in different conferences.

Agile Conference has the highest number of studies published (26 out of 94). Following XP

Conference with 20 papers out of 94 published.

4.2.2 Empirical research methods and data collection methods adopted by the identified

studies (RQ1)

Based on the Shull, Singer and and Sjøberg (2008) guidelines [107], we identify

the research methods and data collections used in the selected papers. Figures 4.3 and 4.4

present the empirical methods and collect data from each paper.
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Figure 4.2: Temporal view of the publications (queries from January 2016).

The majority of the papers use the case study as a research method (47.87% - 47

out of 94 results). Survey method appeared in the second position with five papers. Action

research had two papers; Grounded theory had two papers. The focus group is a method

to construct new findings and to investigate a research question with a panel of people

[107], resulting in 2 papers. Controlled experiment (1 paper) were the least used methods

employed.

Figure 4.3: Research methods adopt in LSAD studies

Third-nine (40%) of 94 papers do not describe their research method, or it is not

clear. About this, we recognized that most of these papers are experience reports [65] [4].

This category includes a significant amount of studies of experts authors and practitioners on

the subject regardless of the potential bias issues, as mentioned in other systematic review

on the topic in quality assessment section [29].
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Interviews
42.55%

Question.
17.02%
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35.11%

Figure 4.4: Data collection methods

For instruments to collect data, interviews had the largest number of papers (40

out of 94), following by observations with 33 papers and questionnaires with 16 out of 94

papers. All support Case Study and Survey Method.

4.2.3 Definition of LSAD in literature (RQ2)

In this research question we classify the same set of papers in LSAD definitions

under different perspectives, as Tables 4.4, 4.5, 4.6. Next, we detailed these three classifi-

cations.

Based on information of each paper about LSAD definitions, we categorized the

information in four categories in Table 4.4. Each paper can be allocated in more than one

category. The findings were consolidated in (1) distributed large-scale settings using agile

methods with 51 papers (54,26% percent of 94); (2) large-complex projects (complex in-

tegrations, dependencies among different areas, overheads) using agile methods with 35

papers (37,23% percent of results), (3) multiple teams who develop the same project we

found in 11 papers (11,7% of results), and (4) collocated teams who develop the same

project in 3 papers.

Afterwards, we identified three papers in the systematic mapping [33][4][65] that

helped us to categorize the definition on the topic in other aspects. These papers describe

characteristics of LSAD settings.

The first definition for LSAD was proposed by Dingsøyr, Fægri, and Itkonen (2014)

[33]. The authors suggested common characteristics focusing on three evidences in LSAD.

The first evidence is that neither cost, code size, the number of requirements, nonfunctional

requirements and the size of software regarding code or requirement, technologies and

project contexts are not a sufficient criterion to define LSAD. However when more people
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Table 4.4: Definition of LSAD per study

Definition Ref. Freq.

Distributed
large-scale settings
using agile

[p1] [p4] [p5] [p6] [p8] [p10]
[p11] [p14] [p18] [p21] [p23]
[p25] [p27] [p28] [p30] [p31]
[p32] [p33] [p34] [p37] [p39]
[p44] [p45] [p48] [p49] [p51]
[p53] [p54] [p55] [p56] [p57]
[p58] [p59] [p61] [p62] [p64]
[p65] [p66] [p67] [p68] [p69]
[p70] [p78] [p83] [p85] [p86]
[p88] [p91] [p92] [p93] [p94]

51

Large-complex projects
(complex integrations,
dependencies among
different areas, overheads)
using agile

[p4] [p5] [p6] [p9] [p11] [p18]
[p19] [p15] [p22] [p24] [p43]
[p13] [p17] [p23] [p27] [p30]
[p33] [p35] [p40] [p41] [p46]
[p50] [p52] [p59] [p60][p63]
[p74] [p75] [p79] [p82] [p83]
[p84] [p90] [p92] [p93] [p96]

36

Multiple teams who develop
the same product using agile

[p3] [p13] [p20] [p26] [p29]
[p35] [p36] [p38] [p52]
[p78] [p85]

11

Collocated teams who develop
the same product using agile

[p20] [p24] [p55] 3

were involved in a project, the work needed to be divided among several teams requires a

new level of coordination.

These three evidences help to find the first definition on the topic and also to map

the papers. Table 4.5 shows a mapping between papers extracted from our systematic

mapping. We analyse the number of each team described in those papers to described in

this systematic mapping.

Table 4.5: Taxonomy categorization of LSAD. Source: Dingsøyr, Fægri, and Itkonen (2014)
[33]

Definition Description Ref Freq.

Small scale
(one team)

Team coordination can be done
using agile practices such as daily
meetings, planning, review and
retrospective meetings

[p30] 1

Large-scale (between
two to nine teams)

Teams coordination can be achieved
in a new forum such as a Scrum
of Scrums forum

[p8] [p30] [p81] 3

Very large-scale
(ten or more teams)

Several forums are needed for teams
coordination, such as multiple Scrum
of Scrums.

[p30][p38] [p55] [p3] [p57] [p68]
[p65] [p70] [p49] [p61]
[p56] [p37] [p64] [p32]

14

The only study found with small scale definition was the proposed by the author of

this categorization. No other studies describes about one single team representing a small

scale agile. A reason for this finding is described in the Power’s (2014) study [95]: if the team

is relatively decoupled the concept of ’large-scale agile’ likely does not apply. One paper was

found in category large-scale between two to nine teams. In this paper one project that its
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management decided to start agile in a software team with 15 people, organized in four

sub-teams [106]. For very large-scale we found thirteen papers with more than ten teams.

For instance, Heikkila et al. (2010) [53], explored the release planning by observing events

and conducting questionnaires to over ten development teams, who spent several days in a

shared space doing release planning together.

After, we got Ambler (2008) [4], and Laanti (2014) [65] papers which identified the

characteristics needed for a company to be considered a large-scale agile: The team size,

the geographical distribution of the team, the entrenched culture, the system complexity and

legacy, the regulatory compliance, the organizational distribution, the governance and the

enterprise focus. Thus, Table 4.6 shows a consolidated set of characteristics for LSAD

mapped in the papers found from the systematic mapping review. The list below describes

the seven characteristics and the frequency of related papers.

Table 4.6: Characteristics of LSAD environments. Source: Ambler (2008) [4]

Characteristics Description REF Freq.

Enterprise focus

Addressing enterprise issues,
including enterprise architecture,
portfolio management, and reuse
within an agile environment.

[p4] [p5] [p6] [p10] [p11] [p14]
[p17] [p18] [p19] [p22] [p25] [p26]
[p29] [p30] [p32] [p33] [p35] [p36]
[p39] [p40] [p44] [p45] [p46] [p47]
[p48] [p52] [p53] [p55] [p56] [p58]
[p59] [p62] [p63] [p66] [p64] [p67]
[p71] [p72] [p74] [p75] [p77] [p80]
[p81] [p82] [p85] [p87] [p92] [p94]

48

Complexity
Agile teams working on a
system complexity requiring
a viable architectural strategy

[p1] [p4] [p5] [p6] [p7] [p9]
[p13] [p15] [p17] [p18] [p19] [p20]
[p23] [p24] [p27] [p30] [p33] [p35]
[p41] [p43] [p44][p46] [p49] [p50]
[p52] [p59] [p60] [p63] [p71] [p74]
[p75] [p77] [p81] [p83] [p88] [p89]
[p90] [p93]

38

Team size Large teams (10+) using agile

[p3] [p4] [p8] [p13] [p15] [p19]
[p20] [p25] [p27] [p28] [p30] [p32]
[p35] [p36] [p37] [p38] [p39] [p42]
[p49] [p55] [p56] [p57] [p58] [p60]
[p61] [p64] [p65] [p66] [p68] [p70]
[p72] [p75] [p76] [p79] [p88] [p90]
[p93]

37

Geographical
distribution

Distributed teams (including stakeholders)
using agile

[p1] [p3] [p4] [p5] [p14] [p15]
[p21] [p23] [p25] [p27] [p30] [p32]
[p33] [p37] [p39] [p49] [p56] [p57]
[p58] [p61] [p64] [p65] [p68] [p69]
[p88] [p70] [p71] [p78] [p91] [p93]

30

Organizational
distribution

Agile team working for different divisions,
or from different companies (such as
contractors, partners, or consultants),
then management complexity rises.

[p1] [p3] [p8] [p9] [p13] [p24]
[p25] [p27] [p28] [p31] [p34] [p39]
[p41] [p49] [p58] [p65] [p69] [p70]
[p74] [p76] [p86] [p89] [p94]

23

Culture
Agile teams working on an large company
with entrenched traditional culture.

[p5] [p6] [p13] [p14] [p23] [p27]
[p35] [p37] [p45] [p50] [p52] [p57]
[p67] [p68] [p80] [p84]

16

Governance
Top management support,
multiples IT projects using agile

[p5] [p10] [p15] [p42] [p44] 5
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• Enterprise Focus: Is related to large companies using agile thinking (practices, princi-

ples, frameworks) to solve problems in different others disciplines such as: architecture

[83], design, marketing [41], portfolio management [116], program management [65].

For enterprise focus we found 50 related papers.

• Complexity: Large systems which involve subcontracts with other businesses (some-

times competitors) for building or integrating substantial parts of the system [59]. Also,

they require architectural coordination for teams developing in the same application or

structure [83]. In system complexity characteristic we found 39 related papers.

• Team Size: In Scrum Guide [115] having more than nine members in one team of

development requires a lot of coordination, being a discouraged practice. Given such

a statement we categorized software development teams with more than ten members

(not including Product Owner (PO) and Scrum Masters if they are not working on a

Sprint Backlog [115]). For instance, Tabib’s (2013) [117] project at HP involved over

150 developers, Quality Assurance (QA) and PO distributed in Israel, Ukraine, Czech,

Vietnam, China and the US. Lagerberg et al. (2013) [68] on the other hand, researched

the impact of using agile principles and practices in a Project A and Project B that are

large commercial projects with 420 and 120 members respectively. These projects

also have a large number of teams (15 and 14 respectively). Then we mapped papers

containing a background with more than ten team members, totalizing an amount of

38 papers.

• Geographical distribution: This characteristic comprises having distributed teams.

Some members of a team, including stakeholders, may be in different locations. Paa-

sivaara et al. (2014) [92] identified how distributed product development company at

Ericsson use Value Workshops to align the different sites and teams when adopting ag-

ile and lean software development. Currently, the development company is distributed

to five sites located in three countries. Four of the sites are in Europe, and one is in

Asia. Abdullah and Abdelsatir (2013) [1] presented how XP practices could enhance

the development and implementation of a large-scale and geographically distributed

system. In this case, we mapped each papers containing distributed teams totalizing

an amount of 30 papers.

• Organizational distribution: Characterized by having a large team of people work-

ing on different divisions, or from various companies (such as contractors, partners, or

consultants), thus management complexity rises. For instance, agile software develop-

ment in a multi-site off-shore environment [51]. For organization distribution, we found

23 papers.

• Culture: In a large company, sometimes agile teams need to work with hybrid meth-

ods. This includes working on a matrix structured hindering the empowerment of teams
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[80]. Or tailoring agile methods focus on planning and controlling aspects of software

development. An adapted agile development process is ideal for long-term projects

and the development of large systems [75]. For culture characteristic we found 16

related papers.

• Governance: This characteristic is related to top-management containing one or more

IT projects governance in a place. Government decisions to change policies about

taxation or social security systems often imply large scale software implementations.

Then the product owner provides a technical governance framework to project teams

working on a program [11]. For governance, we found five papers.

4.2.4 Settings where LSAD takes place (RQ3)

To identify those where LSAD settings takes place we analyze the extraction of data

into three different categories based on our data extraction (see in Section 4.1.4). Thus, we

organize in the next paragraphs the results of project information, companies information,

and agile software development extracted from each paper in this systematic review. Not all

papers are mapped in all categories listed, due to the lack of information.

Project Information

In the project information category, we collected data from the projects’ character-

istics, the type of the projects, the number of teams inside the project, the number of people

in the same team, and the projects’ domain.

In the projects’ characteristics, we collected data from studies that report infor-

mation about their projects (see Table 4.7). More than half of all papers found (52.13 %)

describe their cases through the projects. Moreover, we found more information character-

izing the type of project, as a product with twelve studies, and system with four studies. We

identified that 47.87% no reported no information related to the projects researched.

Related to the type of projects we collected data between distributed and collo-

cated projects. We discover 38 distributed projects, and three papers studying collocated

projects (see in Table 4.8). Even with a small number of collocated projects compared to

the total number of studies, this result can prevent generalizations about using LSAD term in

distributed environments. In the distributed projects we found the number of sites between

two to six sites. The most frequent studies that report among 4 to 2 sites. There are also

no studies which described if the project is distributed or collocated, as is the case of [P9],

[P17], [P55], and others.
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Table 4.7: Number of projects and characteristics found in the identified studies

Inf. Ref. Freq. Charact. Ref. Freq.

Project

[p1] [p3] [p4] [p5] [p8] [p13]
[p14] [p15] [p17] [p20] [p21]
[p22] [p23] [p24] [p25] [p27]
[p30][p31] [p32] [p33] [p35]
[p37] [p38] [p39] [p42] [p49]
[p53] [p54] [p55][p56] [p57]
[p58] [p61] [p64] [p65] [p68]
[p69] [p70] [p71] [p72] [p74]
[p78] [p81] [p84] [p85] [p88]
[p89] [p90] [p91] [p93]

51 Product

[p3] [p5] [p9] [p21]
[p23] [p31] [p54] [p69]
[p72] [p78] [p84] [p93]

12

System [p4] [p13] [p42] [p89] 4

Table 4.8: Types of projects in the identified studies

Type Ref. Freq.
Number
of Sites

Ref. Freq.

Distributed

[p1] [p3] [p4] [p5] [p14]
[p15] [p21] [p22] [p23]
[p25] [p27] [p30] [p32]
[p33] [p37] [p39] [p49]
[p53] [p56] [p57] [p58]
[p61] [p64] [p65] [p68]
[p69] [p70] [p71] [p78]
[p85] [p88] [p91] [p93]

38

2
[p30] [p37] [p61]
[p69] [p71]

5

3
[p32] [p39] [p56]
[p57]

4

4
[p4] [p58] [p64]
[p68] [p70] [p71]

6

5 [p22] [p23] [p53 3
6 [p85] 1

Collocated [p20] [p24] [p55] 3 - - -

Regarding the number of teams inside a project, we found studies describing projects

between two teams to thirty teams (Table 4.9). In this table, we have not presented projects

that contained a single team. On the number of people in a team, the Table 4.10 shows

numbers between 10 to 1200 people working on the same team. On the projects’ domain,

we found eight different areas. Figure 4.5 shows that AirCraft and Telecom are the projects

with more studies.

Table 4.9: Number of teams per study

Number of

teams
Ref.

2 [p8] [p81]
10 [p32] [p38]
14 [p49]
15 [p49] [p55] [p85] [p90]
20 [p37] [p64] [p68] [p70]
25 [p57] [p68] [p70] [p56]
30 [p3] [p61]
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Table 4.10: Number of people in the same team per study

Number of People Ref.

10 [p8]
15 [p90]
22 [p13]
30 [p93]
Over 50 [p72]
58 [p39]
60 [p58]
76 [p27]
78 [p35]
80 [p30]
170 [p20]
Over 150 [p88]
190 [p69]
300 [p25]
1200 [p55]

Figure 4.5: Projects’ domain per study

Company Information

In the company information category, we extracted company’s domain, the com-

pany’s location, and the company’s name. Related to company’s domain, we found compa-

nies as IT (32 studies). Telecom domain (16 studies), for instance, Ericsson, Nokia, Qwest

and Siemens companies. Also, Automative Industry at Volvo Cars company appeared in the

third position. Air Force, Coaching, Retail and others appear in the lastly, as seen in Table

4.11. According to the location of each company we found companies in different locations

covering four mainlands. Figure 4.6 shows the geographical map with the countries where

the companies have their offices.
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Table 4.11: Companies’ information

Domain Ref. Freq. Name Ref Freq.

Air Force [p90] 1 none none none
Army [p17] 1 none none none
Automotive
Industry

[p19] [p53] [p54] 3 Volvo Cars [p19] 1

Aviation
Industry

[p27] 1 none none none

Bank [p11] [p92] 2 ABC Bank [p11] 1
Coaching [p21] 1 Landmark [p21] 1

IT

[p3] [p5] [p8] [p10]
[p13] [p15][p19][p13]
[p14] [p22] [p24] [p25]
[p28] [p33] [p38] [p39]
[p40] [p51] [p52] [p53]
[p55][p56] [p60] [p62]
[p69] [p73] [p80] [p81]
[p83][p86] [p88] [p94]

32

BMC [p25] 1
Borland [p51] 1
Channel
Advisor

[p40] 1

Cisco [p86] 1
FinApp [p13] 1
F-secure [p39] 1
HP [p88] 1
IBM [p10] [p15] 2
Microsoft [p55] 1
Salesforce [p3] [p22]

[p24]
3

UOL [p60] 1
Mechatronic
Driven:

[p7] 1 none none none

Oil Gas [p30] 1 none none
Retail [p28] 1 Gap [p28] 1

Telecom

[p34] [p36] [p37] [p45] [p48]
[p49] [p53] [p54] [p56] [p57]
[p58] [p61] [p62] [p66] [p65]
[p67][p72] [p85]

16

Ericsson
[p34] [p36]
[p49] [p58]
[p65] [p72]

6

Nokia [p45] [p48] 2
Qwest [p85] 1
Siemens [p56] [p57] 2

TV Station [p46] [p76] 2 BBC [p76] 1

Agile Software Development

For this category we selected data from:

(A) agile methods and agile practices,

(B) scaling agile frameworks, and

(C) scaling agile practices.

Related to (A) agile methods and practices were found Scrum, Kanban and Lean

methods. Table 4.12 the most common method used is Scrum with 62 studies, following

XP in the second position with 53 studies. Lean with 11 studies and lastly Kanban out of

4 studies. Also, Agile Practices were extracted from each study. All these practices in one

way or another have been changed according to the setting. For instance, in the study about

Qwest Communications (2003) [111] the practice pair-programming was adapted for their

Company’s setting. This phrase was written to identify how they used this practice day-to-

day: "(They started) pair-programming across distance (using Net Meeting)", and it was an
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Figure 4.6: Countries’ company per study

evolutionary innovation. "Developers loved it too, even pair programming (after the initial

resistance of course)"..."Testers worked in partnership with customers and did pair testing."

[p78]. For this reason, we do not mapped how each practice was adopted.

About (B) scaling agile frameworks, we found SAFe (2 papers p46 and p47), Dis-

ciplined Agile Delivery (DAD) (1 paper, p10) to support large-scale agile. And about scaling

agile practices, we extracted in each paper the most successful practices created to LSAD

in which large environments needed to scale agile practices to adopt agile software devel-

opment. The following list detailed each scaling agile practice.

• Technical Area Responsible (TAR) [p58]: TARs are central in the knowledge network

and act as the boundary spanners among teams and sites [79]. The goal of this role

is to support teams to solve problems, to ensure knowledge sharing within the project

and safeguard the quality. In this role they usually have a senior developer working

half-time or full-time. This practice was used in a large-scale globally distributed agile

project at Ericsson.

• Communities of Practice (COP) [p18, p65, p66, p90, 94]: The aim of a COP is to

develop member capabilities. It is formed by members who selected themselves, and

they interact on a continuing basis to build and exchange knowledge. At a project

at IBM, COP reveals important elements in agile transformation process in an LSAD

setting. They also have three levels of COPS: the first level of community involves

a core group of business and technical leaders who represent their units as change

agents. The second level of community is a single broad community that provides a

social network for building awareness of the latest evolutions, resources, and events
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Table 4.12: Agile methods and agile practices adopted per study

Method Ref. Freq. Agile Practices

Kanban [p10] [p37] [p46] [p65] 4 Kanban Board

Lean
[p2] [p9] [p10] [p24] [p46]
[p47] [p65] [p79] [p82] [p86]
[p92]

11 -

Scrum

[p1] [p3] [p5] [p6] [p8] [p10]
[p11] [p14] [p15] [p17] [p19]
[p20] [p22] [p23] [p24] [p26]
[p28] [p29] [p30] [p32] [p35]
[p36] [p37] [p38] [p39] [p43]
[p40] [p41] [p44] [p45] [p48]
[p49] [p51] [p52] [p53] [p54]
[p55] [p56] [p57] [p58] [p64]
[p65],[p66] [p68] [p69] [p70]
[p72] [p74] [p75] [p76] [p78]
[p80] [p81] [p82] [p83] [p84]
[p88] [p90] [p91] [p92] [p93]
[p94]

62

Planning Poker (Planning Sprints),
Restrospective and Review,
Product Owner,
Scrum Masters,
Metrics (burn-up, burn-down),
Standup Meetings,
Product Backlog

XP

[p1] [p3] [p5] [p7] [p10] [p11]
[p13] [p17] [p18] [p20] [p21]
[p22] [p23] [p24] [p26] [p29]
[p30] [p31] [p32] [p36] [p37]
[p38] [p39] [40] [p41] [p42]
[p43] [p45] [p49] [p50] [p52]
[p55] [p56] [p57] [p60] [p63]
[p64] [p68] [p69] [p71] [p72]
[p74] [p75] [76] [p84] [p85]
[p86] [p88] [p89] [p90] [p91]
[p93] [p94]

53

Pair Programming,
Unit Testing,
Test Driven Development,
Planning Game,
Release Planning,
Continuos Integration,
Colletive Code Onwership,
Simple Design,
Refactoring,
Clean Code,
Sustainable Pace,
Daily Meetings

in software engineering practices. The last community focuses on specific software

engineering practices. Each Practice Community is responsible for helping teams to

adopt and use a particular software engineering practice. Also, to help agile, lean

transformation at Ericsson [86, 89] they used COP. They had over 20 groups of COP

(some, for example: Feature COP, Coaching COP, Developers COP, End-to-end COP),

each one gathering weekly, bi-weekly or on a need basis to talk about their topics.

• Agile Architects [p1, p18, p33, p40, p57, p59, p68, p75]: Architecture provides a way

to partition work around large chunks of software development, guiding the company

into teams. Moreover, the role and support for the architecture depend not only on the

degree of the size but as well on the degree of complexity [36]. On large-scale software

development endeavors, agility is enabled by architecture, and vice-versa [p57]. Agile

allows developers to focus early on key architectural decisions, spread these decisions

over time, and validate architectural solutions early as the architecture of the system,

the structure of the development company, and the production infrastructure. This role

(sometimes also called architecture owner or chief architects) is required to work in

close cooperation with all different feature teams. Allowing the chief: (a) to understand
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the needs of the teams; (b) to ensure the teams understand the architecture, and (c)

to help to improve the architecture.

• Area Product Owner (APO) [p37, p39, p58, p64, p68, p70]: Larman and Vodde

(2008) [70] suggest APOs for scaling the PO role, a practice adopted by globally a

distributed software and hardware project company. [87]. Each APO was responsible

for features in one specific product area, and the idea was that the APO would work

with 2-3 teams developing those features. The role of APO was divided between two

people: a system architect and a solution architect. The system architect was a tech-

nical person, whose duties included performing feasibility studies for new suggested

features, taking care of the architecture planning, splitting features into user stories and

frequently communicating with the teams. The solution architect was a product man-

agement representative, who could either have a business or technical background

[p68, p70].

• Agile Feature Teams [p3, p7, p8, p9, p22, p24, p29, p30, p36, p37, p52, p58, p64,

p65, p70, p71, p77]: Teams working vertically across multiple components of the over-

all product in order to realize a specified feature end-to-end [18]. An agile feature team

can be organized in more complex projects as cross-functional or cross-component

production accountants sharing their knowledge to the developers. Feature teams

work on a single feature at a time grouped into technical product areas [p37]. Also,

there are virtual feature teams who performed their feature-related tasks for their com-

ponent and then passed the work on [p65]. Agile feature teams would be able to

develop a new feature very fast without extra handovers, from end-to-end [p71].

• Scrum-of-scrums [p3, p93, p68, p27, p38, p46, p48, p52, p54, p56, p63, p68, p76,

p88, p93]: A technique to handle inter-team coordination in large-scale Scrum [p68].

The scrum-of-scrums is used to tactically manage and coordinate the progress of it-

erations through the various scrum teams [p6]. At Salesforce [10] scrums-of-scrums

were introduced to a group of teams to discuss their work, focusing mainly on the area

of overlap and integration.In other LSAD case was created multiple feature-oriented

teams, using scrum-of-scrums to help in agile transformation at large companies.

• Customer Specific Teams [p61]: Customer-specific teams are designated teams who

work exclusively with one selected, and highly prioritized customer, to quickly respond

to their particular needs and requests after product deployment [85]. The use of this

role was advantageous for improving customer responsiveness, customer satisfaction

and feature quality during software evolution for a large-scale embedded systems.

• Agile Portfolio Management [p46, p87]: Is to deal with transparency of resources and

work items, improving trust, decision-making, and resource allocation; close collabo-

ration based on routinized interaction and artifacts enabling frequent feedback loops
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across domains, commitment to strategically managed portfolios and removing unrest

in resource allocation and building capabilities in teams [67]. Agile portfolio manage-

ment was a practice taken at Finnish Broadcasting Company Yle in the area of Internet

development. There are existing practices inside of Agile Portfolio Management, they

are: prioritization of epics (to avoid a long queue of development items that will get out-

dated); portfolio backlog (clear visibility and communication of implementation needs

through epics); epic owner(s) (responsible for making all the decisions regarding the

contents of that epic); enterprise architect(s) (to lead to better decisions as all opin-

ions are heard and viewpoints considered); program portfolio management (strategy

planners and directors that make portfolio decisions and prioritize the Portfolio Backlog

jointly); Strategic Themes (express the intent to which direction the enterprise would

like to develop its portfolio) and portfolio metrics (Portfolio metrics measure the enter-

prise’s performance at the highest level) [67].

• Agile Requirements Management Hierarchy [p25, p38, p76, p83, p86, p88]: This

practice is based on a five-level hierarchy following Leffingwell’s book [74]. First, the

strategic themes denote strategic focus areas for the company’s business. Within

these, epics form high-level functional goals for the product(s). Epics can be split

into features, which in turn can be further split into user stories. Finally, user stories

are refined into development tasks, which denote what needs to be done technically

to implement a user story. Companies [53, 52, 50] using this strategic during their

planning.

4.2.5 Challenges faced in LSAD (RQ4)

The last, but not least, research question was set to identify challenges in LSAD

studies. We extracted challenges using some guidelines of coding data [26]. This field was

defined in three main categories as to the Nerur’s study [82]: management and organiza-

tional issues, people-related issues, and process issues. The result of this RQ is shown in

Figure 4.7. In the following paragraphs, we detail the challenges found in these 94 papers.

Management and organizational issues. This category is related to organiza-

tional culture and management style in software development issues [82]. In this cat-

egory we found three challenges, in 11 studies. The first problem is related to has a

C1.Organizational structured not adequate to adopt agile [p7, p57, p65, p84]. This chal-

lenge is a well-known fighting of agile versus matrix structure (traditional structured). Shatil,

Hazzan, and Dubinsky (2010) [106] related their matrix-structured company that contains

teams of people from several sections of the business. These teams were created to the

purpose of a specific project, often existing only for the duration of the project, and are led

by a project manager and this is perfectly run in the traditional process. Other challenges that
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Figure 4.7: Challenges faced in LSAD

the matrix organizational structure faces when implementing the agile approach in a system

project, address the team structure and definition, hindering the team to be self-organized

[80]. For Berger and Eklund (2015) [16] the organizational structures that aligned leaders

with a small set of teams (hierarchical and matrix structures with multiple sub-team leaders)

tended to influence more managing versus leading as their role was more narrowly focused

on these teams and their members. Paasivaara et al. (2014) [86], on the other hand, identify

that "old structures" are a change resistance with the agile mindset at Anything-as-a-Service

(XaaS) platform in Ericsson.

The challenge C2. Difficulties in work with other areas further than software

development (scale agile at enterprise level) [p21, p22, p29, p55, p84, p88] is related to

work with Agile Software Development including other disciplines. Shatil et. al. (2010) [106]

found in their study that, in addition to the software component, a system project encom-

passes other disciplines as well, such as hardware, algorithms, and mechanics impacted

the agile approaches. Greening et al. (2010)[48] in the same way identify the biggest chal-

lenge of all is scaling Scrum to the operation of an entire company. Enterprise Scrum is

encroaching into this area, in part because it promotes the use of Scrum in other large,

struggling creative departments, such as marketing.

The last challenge in this category is C3. Difficulties in work with Scaled Frame-

works [p64]. This curious challenge is related to Scaling Agile Frameworks and its implica-

tions. One study was identified relating to maturity in Scaled Agile Software Development

that described it implication through the usage of SAFe Framework in industry. The cur-
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rent wholesale adoption approach of the SAFe is considered risky and complex. Moreover,

driven by practitioners’ efforts in the industry, there are very few studies about SAFe adoption

reported in the academic literature [112].

People-related issues. In this category, we highlight challenges faced for the crit-

ical success in agile software development: individuals. People-related issues have four

major challenges, as described next.

C4. Lack of communication or collaboration due to the distributed teams [p4,

p7, p8, p19, p25, p27, p28, p34, p39, p41, p44, p53, p57, p59, p64, p69, p70, p73, p83, p89,

p91, p96]. In large companies, it is common to use distributed teams to work in the same

application, system or project. For Tabib (2013) [117] the major reason is the distribution of

teams in different locations and time zones. Distributed teams may suffer many limitations

as depend on confs calls, online programs to collaborate and communicate. This implies

in a hard transition, as Smits’ [109] study. The most difficult transition is getting everything

else that must feed and support the product development teams in place. Hallikainen (2011)

[51] on the other hand, mentioned about physical limitations may add an extra challenges

large scale company with a long history in the industry. The ideal case is to have the whole

company in the same building and at the same corridors. It can easily lead to that the

physical limitations are used as an excuse not to communicate and collaborate physically.

Failure with agile practices as in the planning practice where all developers collocated should

suffer consequences [112].

C5. Lack of experienced people in one application [p84].This challenge is re-

lated to the individual expertise in knowledge of an application. In complex scenarios, it is

difficult by the factor beyond the expertise of their work this individual needs to understand

the expertise domain of their work. Furthermore, they should have the ability to think on dif-

ferent levels of abstraction, both on the detailed level and to a higher standard of abstraction,

and to move between these abstraction levels wisely, when needed. This ability is especially

important in integration tasks, when an explicit and systematic analysis of complex prob-

lems is required to locate the problematic component of the system and then activate the

right people to coordinate a fine-tuned analysis and find a solution as Shatil et al. highlight

this issue [106].

C6. Difficulties in coordinating multiple teams [p4, p19, p37, p68, p73] In LSAD

we need to pay attention to multiple teams. But multiple teams require good coordination

to people can work in an independent way, regardless the project size and not affecting

the collaboration and team communication. Scrum of Scrum is a common practice to deal

with coordination. By the way, Paasivaara (2012) cited shows that [91] Scrum-of-Scrum

meetings involving representatives from all teams are a real challenge. The audience was

too wide to keep everybody interested, and the participants did not know what to report that

might be valuable to other teams, often ending up not reporting anything. Also, for Eklund

et al. (2014) [37] the challenge of scaling the number of involved teams is described as a
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challenge in two-folds. First, scaling the number of involved teams. Second, scaling up the

necessary system engineering activities in the iterations/sprints prescribed by different agile

methodologies. Power (2014) [95], on the other hand, mentioned coordination cost relates

to the cost incurred in coordinating the people and systems that perform the work. It can be

measured in time and money.

C7. Lack of customer relationship [p7, p19, p27, p31 p44, p62].This challenge

is related when a customer is not available and in cases that customer is not even in the

same time zone. Ktata and Ghislain (2009) [64] identify in their study the misunderstanding

stakeholders’ needed. Scalability issues increase the level of difficulty since Agile methods

lie on face-to-face communication to transfer knowledge. Also, this is critical for early feed-

back. If the customer is not available, someone who used the similar system on customer

site may also review the system and give early feedback. These timely feedback forces

the programmers to do customers priorities, not their priorities [49]. For Olsson and Bosch

(2015) [84], customer availability is hard when you are in an LSAD. Typically, and as reported

in the interviews, the clients who “scream the loudest” get recognized while other customers

get forgotten.

In the Process issues category we describe challenges related to process in soft-

ware development and their complexity in LSAD environments. Here we found four more

challenges and presented in detail in the next paragraphs.

C8. Difficulties in automating testing in complex systems [p25, p29, p55, p85

p91]. The lack of test automation due to large and legacy systems requires a significant

investment. As Goodman (2008) [47] revealed at GAP Inc. that TDD on a large existing

code base requires a significant investment. Also, another challenge is to identify dangerous

areas early enough to ensure the quality of the application in production. Tabib (2013) [117]

found a challenge at one HP application cause since they have moved from 18-24 month-

releases in previous projects to 2 weeks release sin the current one. Not only that testing

has to be done earlier in the life-cycle rather than last step, it had to be also much focused

on the risk areas of the application.

C9. Difficulties in decoupling projects [p7, p19, p56, p57] This challenge is

highlighted by Moore (2009) [80]. One of the primary challenges for the large-scale de-

velopment project is decomposing the project into smaller projects that can be executed in

parallel. To apply Agile Software Development in such environments is required to organize

teams with individuals from across the program to minimum cross-team dependencies and

coordination, but this is a challenging and hard thing to do [80]. However, related challenge

is concerned cross-functional team expertise with component inter-dependencies. Usually,

companies realize that many elements in a large-scale system are technically robust and

interdependent, and require years of experience to be fully understood by developers [37].

C10. Difficulties in working with agile practices in complex projects [p4, p7,

p19, p23, p24, p27, p28, p29, p31, p40, p44, p45, p48, p50, p54, p55, p58, p62, p63, p67,
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p72, p73, p82, p84, p85, p88, p89, p91, p92, p95]. This challenge is related to coordination

and construction of the requirements or user stories. Is hard to write user stories with a

minimum level of detail due the project or software complexity and interlocks. Goodman

(2008) [47] identify in HP project that writing good stories is difficult. Getting to the right

level of detail and breaking up large stories into small enough stories has proven to be

challenging. Also, we found in literature problems with backlog inconsistent due to a lot of

unused features, as Olsson and Bosch (2015) [84] identify that due to limited mechanisms

to monitor feature usage. Their five companies are convinced that a large number of the

features they develop are never used and that investments are put on functionality that is not

proven valuable to customers challenge.

C11. Difficulties in prioritizing and estimating the deliveries [p7, p8, p19, p23,

p28, p29, p31, p33, p36, p37, p38, p39, p44, p50, p62, p73, p78, p89, p91, p93, p96].

In each stage of agile planning, prioritization depends on both effort and value estimation.

In LSAD environments is difficult to do such thing due to the complexity. In Greening’s

(2010) [48] study (Citrix Online Industry) their team has faced challenges with an immature

Product Owner as identity in first planning period for Enterprise Scrum, a server team added

a 600 ESP project to our Enterprise Backlog and requested prioritization. But the description

was indecipherable to everyone outside the team: it was a refactoring project to reduce

hardware requirements. In an early Product Board meeting, members dropped it off the

Quarter Backlog. The server group realized it had to articulate the project’s value better.

Release Planning helps to estimate better, filled their iterations with stories based

on the teams. In Heikkila et al.’s (2010) [53] study they showed conclusions of one Event:

Many details of the new architecture were unknown and the complexity of the whole system

was high, which resulted in effort estimates that were too optimistic.

4.3 Discussion

This section we discuss the main findings of this systematic mapping. Also, we

highlight the threats to validity and the majors implications for research and practice.

4.3.1 Main Findings

The goal of this systematic mapping study was to explore the current state-of-art in

LSAD studies. The main findings are described next.

Although the area has publications since 2001, more than 40% of the studies (38

papers) do not present their research methods. In this systematic mapping we titled them by

reported experiences. This nomenclature is commonly used in other systematic reviews to
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studies written by practitioners who are knowledgeable on the subject. This demonstrates a

significant number of cases reported by authors with a strong background on the LSAD as,

for instance, Laanti (2014) [65] paper. On the other hand, we evidenced that studies on the

LSAD area need more rigor and description of its research methods [29].

The LSAD definition is incipient, there are many different variables to compare.

Thus this research question (Definition of LSAD in literature (RQ2)) is our most significant

contribution to this work. There are several studies that consider distributed teams (54,26%),

others complex projects (38,30%), multiple teams (10,34%) and, others even collocated

teams (3,19%) using agile software development. Such issue is not a particular problem

of this study. It is an issue in an area of software engineering as a whole, Wohlin (2014)

[122] present three areas where improvements are needed to become more successful in

synthesizing empirical evidence in software engineering: terminology, paper content and

reviewing.

Although more than a half of the studies describe their projects, there is a fair

amount of studies that do not characterize their projects (43 studies on 94 selected). Most

studies indicate their projects as distributed geographically (35,1 %), but there are also stud-

ies that consider projects with multiple collocated teams (3 results). This may mean collo-

cated teams also participate in globally distributed organizations, as the case of Microsoft

Inc. (2007) [78]. Another characteristic from LSAD is a team with more than ten people, dif-

ferently of Scrum Guide propose [115] from 5 to 9 people in the same software development

team. About the companies’ information category we reported the existence of others areas

besides IT domain interested in agile methods. These studies that contain complex areas

such as Airlines, Automotive, and Banks among others, show the spread of use of LSAD in

other domains.

Considering agile methods Scrum and XP are the most used methods, followed by

Lean and Kanban, proving a similar statistical data of Version one magazine [77] on LSAD

usage, approaching the practice of theory. Scaling practices are workarounds to follow

agility in LSAD scenario. This factor is strongly evident when studies reveal and propose

new practices to achieve agility, as described in Section 4.2.4.These scaling agile practices

foster the coordination and collaboration of multiple teams showing the inclusion of agile

development to larger settings.

On the challenges, we identify 11 challenges grouped into three broad areas. The

challenge category with the most mentions is related to Process with 55 studies of four

challenges. The major challenge in this category is difficulties in working with agile practices

in complex projects (mentioned by 32,98% of the cases), followed by difficulties in prioritizing

and estimating the work (mentioned by 22,34% of the cases). These results show that LSAD

seems to be harder to implement in complex and larger places. Open issues as automation

testing in highly complex systems and how architecture influence on the size of the working

done needed to be studied.
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The second one category people related issues with 33 studies mentioned, we

found the greatest challenge related to teams and customers not available to communicate

and collaborate (referred to by 25,53% of the studies). This refers when a global team wants

to adopt agile development without thinking about communication. This issue broke a princi-

ple of the Agile Manifesto when individuals and interactions need to be over than processes

and tools. Senior people in one application is another challenge in LSAD. This issue can

be solved with enough architecture to decouple the dependencies of tasks. Related to co-

ordination of multiple teams problem we found in literature some good practices to adapt as

scrum-of-scrums, agile architects, feature teams and so on. However, each case is different

and depending on the context can be even more challenging, as in the study of Ericsson

Company [89] several people distributing in a large scrum-of-scrums is hard to control and

coordinate.

In the category management and organizational we found 12 studies. The LSAD

challenges faced are related to traditional organizational structures and troubles with other

areas that do not work with agile development. These two issues are open questions in

literature. About scaling frameworks is a curious finding from literature cause instead to

support LSAD, this framework denotes fragile and risky.

4.3.2 Threats to Validity

A systematic mapping aims to discover and extract knowledge of a particular topic

guided by research questions. Although the process is systemic, several limitations can be

identified in these studies.

Several precautions were taken to ensure the construct validity of the study. First,

the author and the supervisors of this Master Thesis designed the protocol of this study,

presented in the Section 4.1. We aligned the goals of the study, the digital libraries and

the terminologies to be adopted. This step has undergone a rigid control analysis were

chosen and databases that include the conference proceedings of the area as known how:

Conference Agile (IEEExplore) and XP Conference (SpringerLink). But a threat to validity

would be databases that were not chosen, leaving behind a few items that could be relevant

to the study.

To ensure the accuracy of the expected results, we use pilot studies as an attempt

to find these studies by applying the search strings in the databases. However, because the

study answer on knowledge of state-of-art a wide area, studies with different terminologies

in the string may not have been included.

The definition of the scope of our systematic mapping is our major limitation. LSAD

containing different areas of knowledge. The definition made our research question exten-

sive and not limited to empirical research.
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4.4 Chapter Summary

Since 2001, the term LSAD has been proposed both in the academia and industry

to identify large settings using agile. Curiosity is that even though this topic be investigated by

several studies, literature is very confusing and with several gaps that were earlier presented

in this work. In order to better understand the term and identify possible patterns to be a

standard alignment studies, this systematic mapping aimed at investigating the state-of-art

LSAD, featuring in four aspects: which adopted methods are used, what is the definition of

the topic LSAD, who are involved and which challenges were faced in LSAD studies.

We selected 94 papers for our investigation. Thus, we believe that this systematic

mapping has much to contribute to both the academic scope as for the industry. The results

are useful for identifying the knowledge to the area so that new publications can be guided

more appropriately.

Also, this systematic mapping contributed to identify characteristics and definitions

for LSAD used in the next empirical studies. Next Chapter presents a field study in a large-

scale agile company to identify how agility was developed during the transformation process

of the company to this new approach.
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5. FIELD STUDY AT A LARGE-SCALE AGILE COMPANY

This chapter presents the results of the Study 2, a field study to empirically identify

how a large-scale agile company goes through the transformation to become agile. This

chapter is organized as follows. Section 5.1 describes the research method. Section 5.2

presents the results of the field study. Section 5.3 discusses the results and threats to their

validity. Section 5.4 summarizes the chapter.

5.1 Field Study Design and Settings

To empirically attend the Objective 3, first, we conducted a field study in one large-

scale company. The semi-structured interviews were conducted in person on-site at the

American and the Brazilian IT (Information Technology) offices. The interviews with the 10

American-based representatives took place in the fourth month after the agile transformation

process kick-off (Dec’14) and was conducted by one of the researchers while the eight re-

maining ones with the Brazilian-based representatives took place during the ninth and tenth

months (May and Jun’15) and were conducted by two other researchers.

The interview was focused on 4 major themes as follows: i) participant’s back-

ground, we asked the participant to introduce herself and talk about her job description

and responsibilities within the company; ii) reasons for the transformation, we asked her to

elaborate on the reasons the company is going through such transformation that she was

aware of; iii) strategies taken, we invited the participant to introduce us to the activities she

was engaged on or has been communicated about related to the transformation; and iv)

challenges, we requested the participant to express her challenges about the transforma-

tion process as a whole considering the organization background. The interview script is

presented in Appendix B.

Participants were pointed out by a senior manager, the focal point of the research

project that this study is part of, and then invited to participate on a volunteer basis. All 19

participants accepted our invitation; however, a US-based member called out in sick during

our visit to the United-States of America (USA) office and had the interview canceled. Thus,

we interviewed 18 participants.

All participants are managers at ORG 1 and are either a member of the CIO Com-

mittee board, a director or a development manager. They are working at ORG for at least

four years and at most for 16 years. All participants are currently a member of the IT de-

partment, but 5 of the US-based representatives had worked in the business office either

as a salesman, a manufacturing manager, or a business analyst. Also, out of our pool of

1A Globally-Large Scale Software Development Company
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respondents, 8 of them are male (1 in the USA, 7 in Brazil) and ten are female (9 in the USA,

1 in Brazil). Table 5.1 summarizes the participants’ job position.

Table 5.1: Participants’ profile

ID Job Title

P1 Manager on Process Improvement, Member of the CIO Board
P2 Quality Assurance Analyst (Process-based quality)

P3
Director on Process Improvement, Head of the CIO Board
Committee and of the World-wide Agile Transformation Initiative

P4
Manager on Quality Management (Product-based quality),
Member of the CIO Board

P5 Business Analyst Team Leader

P6
Business Analyst, Leader of the World-wide Business Analyst
Community of Practice

P7 Business Analyst Manager
P8 Portfolio Planning Manager, Member of the CIO Board

P9
Portfolio Planning Manager, Head of the
Roadmap Planning Department, Member of the CIO Board

P10 Director on Finance Application Development area
P11 Manager on Services Application Development area
P12 Director on Infrastructure area
P13 Manager on Finance Application Development area
P14 Manager on Services Application Development area

P15
Manager on Financial Services Application
Development area

P16 Director on Infrastructure area
P17 Director on Services Application Development area
P18 Manager on Financial Services Application Development area

All interviews were voice recorded and later transcribed by each one of the intervie-

wees. The shortest interview lasted 20 minutes and the longest 90 minutes, and they took in

average 53 minutes. Our subsequent analysis was guided by grounded theory procedures

[26]. We coded the interviews identifying factors for each of our topics of interest–reasons

for the transformation, strategies taken, and challenges, until we have exhausted the data

and reached a final set of merged factors. Coding was done by each of the interviewees

and later reviewed by the author and the supervisors of this Master Thesis that is part of

our research project. Next, codes were emerge from the interviews transcriptions into a sin-

gle document (see Appendix C - Network of Results). In the next paragraphs, we present

company background and the results coding.
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5.1.1 Company Background

ORG is a large IT multinational company with offices located in 5 continents. The IT

department develops software products to support the organizational processes. Demands

to develop or to update these products come from the business departments, mainly located

in the headquarters’ office in the USA but with business, representatives spread out over

30 countries. IT development teams are distributed among the headquarters’ office and in

Brazil, India, and Malaysia. There also-also IT employees in China, Japan, Ireland, and

Russia.

The IT department, at the beginning of the transformation initiative, used to follow

a matrix structure based on business areas (e.g., sales) and IT functions (e.g., developers).

Development assignments were mainly organized in projects that vary from the development

of new products to the maintenance of legacy systems, and project teams would follow the

waterfall model. Some Scrum practices were scarcely adopted in a project-based fashion

to support project management. Software development processes would vary from formal

(following CMMI Level 3 practices) to informal (defined by the project members upon their

needs).

A well-known practice at ORG is still in place: an annual project roadmap is defined

in December based on the requests made by business representatives and recorded by busi-

ness analysts. Business analyst managers in conjunction with project managers prioritize

the requests and define a set of projects to be developed throughout the year. Priorities are

defined based on business impact and development costs and approved by a committee

board composed of senior business and IT personnel who directly report to the CIO board.

Up to the beginning of the agile transformation, distributed software teams were

formed to develop the elected projects. Members were assigned to projects based on their

skills and domain knowledge, despite their physical location. Therefore, a project often has

its roles distributed over several places. By mid-February, each team would receive a busi-

ness request document. The software team would start working to translate the business

into software requirements led by the software requirements analysis. These would consult

with business analysts to clarify business requirements and, when necessary; business rep-

resentatives would be invited to join the discussion. Project managers would monitor the

project progress based on a set of organizational performance measures that would be re-

ported to senior management on a regular basis. Results from these measurements were

used to determine whether a project failed, attended, or exceeded its performance goals.

Although ORG has gone through a major reorganization, this roadmap assignment process

has not been reconsidered yet as mentioned in Section 5.2.3.
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5.2 Results

Next, we present the first steps of ORG’s transformation to become agile and its

major challenges on agile transformation. We first describe the findings of the reasons why

the company decided to move towards this new trend (in Section 5.2.1), next what was done

so far to promote the change (in Section 5.2.2). And at the end, we describe on challenges

related to this agile transformation (In Section 5.2.3).

5.2.1 Reasons for the transformation (Motivation)

ORG has started its transformation to agile about a year ago. It all started when

a manager with experience in a large e-commerce company was hired to lead the devel-

opment of ORG’s Online Store. One of his major changes as a manager was to introduce

agile to the Online Store development team. ORG’s Online Store is an independent appli-

cation and has a dedicated team to take care of it. For over four years the team improved

its processes and the online store itself based on the expertise developed using agile to

guide their development. A recent reorganization has put this manager in charge of the IT

department, and as the new CIO his first worldwide announcement was that the company

would go "agile."

One of the main reasons behind this decision was to deliver faster to the cus-

tomer given that "the faster, the better", as argued by the Manager on Process Improvement

[P1].

One of the Managers on Services Applications [P11], the Manager of Finance Ap-

plications [P13], and yet one of the Managers on Financial Services Application Develop-

ment [P18] also reported, respectively:

"Agile aims to deliver faster to the customer. Instead of spending ten

months specifying requirements, then five more months coding them and five

more testing, the customer will be able to quickly see added value to the appli-

cation in a shorter time." [P11]

"It would be great if we could deliver faster since we have this daily pressure to

reduce costs, as any other IT company also has." [P13]

"(...) requirements that take four months to be developed and two more to be

deployed, we want to change such scenario and deliver more quickly and often

to the customer." [P18]
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The current long time time-box between the customer requesting a software

and receiving it is also an important motivation for this transformation, said one of the

Financial Services Managers [P15]. He also said:

"Agile means frequent deliveries, causing the impact of the customer’s decision

to be handled in smaller slots of time and allowing changes during the process."

The same reason was also mentioned by one of the Directors on Infrastructure area:

(...) there is a gap in the customer expectations since IT takes too long to deliver

what is requested." [P16]

Agility as an attempt to be more innovative is another important reason according

to one of the Directors on Infrastructure area. He mentioned: "We seek agility as a ’driving

force’ to innovation. We need to (...)" [P12]

The transformation to agile also aims to reduce the communication gaps be-

tween business and IT as mentioned by one of the current Directors on Infrastructure area:

"[Agile] expects closer interactions between business and IT, having the customer

more involved. This approximation is welcomed, and we do need it, but it can also

be risky if the customer does not get engaged." [P12]

The Business Analyst Team Leader added based on his large experience working

on the business department:

"We can not forget that a lot that takes place in an organization goes through

informal channels. Thus, this agile model will likely be good to make informal

things formal." [P5]

In addition, participants also reported that another important reason for adopting

agile company-wide is to be more flexible to changes. For instance, "The requirements

are defined early in the year and sometimes they are obsolete when development starts."

as reported by the Director of Services Application Development area [P17]. Therefore, it is

important that the development teams have a closer interaction with business to frequently

discuss and re-prioritize what requests are more important at a given time, as mentioned by

one of the Managers on Services Application Development area:

"Flexibility means we can change requirements with a cheaper cost and more

easily." [P14]
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5.2.2 Strategies Taken

Once the decision has been made, the CIO and his committee board discussed

a set of actions to be taken to promote the transformation and engage management in

developing them. At the mid of the fourth month, a worldwide announcement was made to

the entire IT department marking the kick-off of the agile transformation. At this time, teams

were informed that by the end of a 12-months period all projects had to be "acting agile".

We report next all actions taken during the four months of discussions at the executive and

strategic levels and the seven months of changes at the operational level.

The company prioritized reorganizing the former organizational structure, which

was a matrix structure. As reported by one of the Managers on Services Application Devel-

opment area, "The new structure is defined now by business areas that have their internal

functions.". He supplemented:

"An interesting change we made was that the executive leadership was com-

pletely realigned. We have now a mix of new and ’ancient’ people of the busi-

ness department that are within a portfolio area to ensure the new ideas will be

welcomed but that we will also not lose important implicit knowledge." [P11]

"Leadership is slowly realizing how positive this change will be. It is a matter of

internalizing it and later sharing with their team members", added the Director of Process

Improvement, the head of the worldwide,’ transformation initiative [P3].

One of the main advantages of such organization change and moving more towards

a model in which teams are responsible for what was assigned to them is "To have clear

accountability for decisions and deliveries. In our matrix form, we had too many people in

control and no one controlling anything.", said the US-based Director on Finance Application

Development area [P10].

After the major discussions about the organization structure, the focus turned to

training teams on agile practices. Team members start than to learn how to adopt such

practices in the context of ORG. Several presentations and debate sessions are organized by

managers, development leaders, and architects to promote discussions on how agile within

an enterprise with complex applications and that is globally widespread can take place. For

instance, one of the Managers on Services Application Development area reported:

"Local presentation sessions to all members of a certain office were organized

to take place worldwide in the same week in which teams were already going

through the transition were motivated to report their experience to others as a

way to encourage the adoption of agile and to share good practices." [P14]
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At the same time, some members were encouraged to carry out the ScrumMaster’s

certification and use their knowledge to help other project members to align their actions with

the transformation initiative, as mentioned by one of the Managers on Financial Services

Application Development area: "Some members were already trained as Scrum Master, but

on Monday four more people of my team will be going to a training to learn new things.

They are very motivated about it. They enjoy learning new things." [P18]. Also, managers

are also learning along with their team member as mentioned by one of the Directors on

Infrastructure area:

"We are receiving several trainings, both at the technical and at the managerial

level on agile practices and we have been learning from each other as we put

them in practice." [P12]

Communities of Practices (COPs) was a key mechanism behind the success of

the large-scale agile implementation in Ericsson, helping teams to mitigate some pressing

issues of the transformation [89], and also a source of motivation to ORG’s employees too,

argued the Business Analyst who leads world-wide the Business Analyst Community of

Practice [P7]. The Manager of Quality Management added:

"As important as training people is sharing what we are learning with one another,

and here is a good way to do it. I hope they do not cut this practice off." [P4]

Another action taken was to identify and prioritize pilot projects to serve as

testbeds for assessing the side effects of the reorganization and overall changes promoted

during the initial months of the transformation as commented by one of the Directors on

Infrastructure area:

"We are prioritizing some projects to be pilot projects based on our understand-

ing that they are more prone to be adherent to the agile philosophy. We have a

priority list, but we still keep some legacy projects running on ’traditional’ [Water-

fall] processes." [P12]

Also, these pilot projects have been closely supported by coaches hired to as-

sist the company. "Local coaches were hired to support each of the IT offices. We looked

for experienced professionals who have faced similar issues than ours in other large corpo-

rations.", said the Director of Process Improvement [P3].

The benefits of having experienced coaches working with the teams are recognized

as follows: "They can more easily and quickly to recognize ways to enable the transforma-

tion.". One of the Managers on Finance Application Development area supplements by

saying:
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"The coaches are already working with some pilot projects supporting refining

the organization structure when projects involve other projects and teams. You

know, we have all these dependencies (...)" [P13]

Another reported advantage of having coaches supporting the transition process

is to ensure the agile practices are correctly used as exemplified by one of the Managers

on Financial Services Application Development area: "The coaches participate in all the

ceremonies and help us understand if we are doing it right. For example, they helped us

to revisit our team structures and set up the feature teams in a way that makes much more

sense now." [P15] It was also argued by the Director of the same area, located in the USA:

"We are finally learning how to do things. We do understand what it means to do

a stand-up meeting. We are not playing anymore." [P10]

The teams are also aware of the role and extent of responsibility of the coaches as

reported by one of the Managers on Services Application Development area:

The coaches are responsible for helping the organization to make the transfor-

mation happen, but they are not responsible for the transformation itself, this is a

responsibility of each portfolio area. They provide us with the tools and helps us

with their expertise. We have to make it work. [P11]

Another major action taken was to refine the team structures based on the new

organization structure. The teams began to take shape as ’feature teams’ as described by

one of the Managers on Financial Services Application Development area:

"Before this agile transformation, I usually had a team with resources allocated to

it, and the team members worked on the project, from day 1 to the delivery. When

another project was up, then maybe I would have another resource allocated

to work with me to deliver it. Now, I have an organized structure responsible

for a major feature, and this structure receives demands from several different

portfolios and systems programs, and we try to prioritize the demands according

to the customer needs, by sprints, not as it used to be." [P15]

Still about the refinement of the team structures, one of the Directors on Infrastruc-

ture area [P16] and the Director of Services Application Development area mentioned [P17],

respectively:

"We have teams still working on a project-based form but trying to create new

structures like feature teams. It is not an easy transition, for example, earlier to-

day I discussed with a colleague about the testing area. The performance testers
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are still separated from development. This is something we have to change for

us to be completely agile. We are not sure how to do it, but I think we are going

on the right track." [P16]

"In the past, a project manager would receive reports from all members allo-

cated to projects of a certain portfolio. He would manage how these people were

working. Now, with the agile transformation, these managers are responsible for

the portfolio management as a whole, they need to know how the features the

portfolio is responsible for are progressing." [P17]

The US-based Director on Finance Applications believes that: "It is great to have a

multidisciplinary team, or this feature thing–I can not recall the name–where everyone needs

to know all skills and to be trained in all aspects. This will make people more focused and

committed. I like that!" [P10]

To achieve that, the company is also "refining the job descriptions and revisiting

skills and competencies they expect each role to have", as commented the Business Analyst

Team Leader [P5]. The Business Analyst also reinforced:

"It is important that we reconsider the competencies each role requires in this

new model. For instance, we had six levels of business analysts, now we have

business analysts, and business software analysts merged in one single role, we

are still revisiting their set of expected competencies and skills." [P6]

Further, some teams identified the need to mix agile practices from different

methods to compose what they need to support their work as highlighted by one of the

Managers on Financial Services Application Development area:

"Some teams are adopting only Kanban, some only Scrum. But several teams

are using ’Scrumban,’ as we named here. This is when a team only uses the

concept of Sprint from Scrum but adopts the Kanban way to work." [P18]

5.2.3 Challenges

Despite the initial strategies taken by the company, there are still open questions

in the opinion of the managers. They are aware that in such a transformation process one

can expect that as decisions are taken and implemented new issues will come up. Certain

actions will be taken and will result in positive outcomes; others will have to be reconsidered.

They agree that this is part of any maturation process. However, there are key points they

consider critical, mainly due to their large-complex globally distributed configuration, and

that are still to be discussed as presented next.
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The biggest concern reported by all participants is the transformation occurring

in a company with a complex ecosystem of software applications. This is of concern

given the large number of interconnected applications that attend multiple business areas

(e.g., sales, manufacturing, finances, HR, etc.) and legacy products maintained by several

organizational departments and by highly distributed teams. Such concern was expressed

by the US-based Business Analyst as follows: "Interlocks–as interdependencies are mostly

named at ORG–will be a big headache." [P6]

One of the Managers on Services Application also mentioned: "We have over 2

thousand applications forming a well-connected web, an incredibly complex data stream

that is globalized and yet serving regional needs in several cases where our client–several

company’s departments–have no globalized processes." [P11]

Another concern about the high amount of interdependent applications is how the

’feature teams’ are being set up. Some managers understand that a team at ORG will never

be completely independent of other teams given the dependency among the applications.

Thus, releases have to be coordinated. One of the Managers on Services Application De-

velopment area reported:

"All applications are very well interconnected, then now we have a concept of

release. In theory, it would be ideal to have a release every three months, but in

practice, this can vary because I depend on others to get my feature done and

some projects have still not been migrated to this release idea." [P14]

One of the Directors on Infrastructure area also mentioned about this same issue:

"If I need to automate a process, the process will probably hit several systems to complete

the task. Thus, the automation needs to have all applications with a ’ready status’ to be able

to be delivered." [P16]

The limited spread of the transformation to parts of the IT department is the

major challenge of several managers. For instance, training and coaching have been only

assigned to support development teams. Infrastructure and services teams are having to

provide services to development in an ’agile fashion’ without having been included in the

transformation initiative as reported by one of the Directors on Infrastructure area: "It is

necessary to look at the software life-cycle as a whole, including the question of provisioning

infrastructure. The training offered is very good for the development team, but infrastructure

has no clear guidelines defined yet so we feel kind of lost" [P12]. He added:

"The technological complexity of the environment, I think, is another important

factor. We are talking thousands of database, thousands of applications [silence].

Then, when I have to talk about a transformation that will affect, for example,

’refreshing a hardware structure’ to all applications of a portfolio, then I have to

ensure that I will be able to handle such major change, and this has not been

discussed yet but I am already facing such an issue." [P12]
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The other Director on Infrastructure area is concerned about the available infras-

tructure itself:

"How can we support constant deliveries if we are not sure which are the in-

frastructure needs for that and we do not have enough persons to work or even

servers to support the applications?" [P16]

On the other hand, the Director of Finance Application Development worries that

"the quality of the service provided by production support people can be jeopardized since

their way of work will not be in sync with development. These guys still have to be fast to

provide solutions to live issues, but they might not know how to interact with development

teams anymore since they are not aligned with what the coaches are doing." [P10] The

Business Analyst has a similar worry:

"We need to ensure consistency in some level, so we stay functional and make

people’s life easier." [P6]

To make the customer adopt agile in their processes is another concern re-

lated to the transformation boundaries within ORG. For instance, the Director on Finances

Application shared:

"What we need is a proper customer involvement. This is a ’big sticking part of all

this.’ We need a customer who can use requirements in an effective way. They

have to be committed to doing it, and we also need to learn to be disciplined

about it." [P10]

One of the Portfolio Planning Managers added:

"We urgently need a centralized solution for business personnel to make their

requests and prioritize them." [P8]

The Financial Services Application Manager commented:

"Customer representatives are aware that the company-wide is going agile, but

are not directly involved in the actions taking place so far, so I guess that they

have not yet realized that they will have to be more active overall, to respond

faster to our requests and to more quickly consider what are their priorities, to

be able to handle new deliveries at a faster pace, among so many other things."

[P15]

The Business Analyst Team Leader argued:
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"What customers have to realize is that we need a day-to-day proximity with them

throughout the development cycle but when coding the contacts will likely slow

down. We do understand that interacting with IT people takes away from their

daily job duties, but in the end, we are providing them with solutions that will help

them, in the end, to better do their work. So they need to find a balance." [P5]

"We can work with PO [product owners] proxies, if necessary to make it work.

We are okay with that" concluded the Process Improvement Manager [P1].

The Manager of Quality Management supplemented:

"We believe that by involving more the customer we can increase the overall cus-

tomer satisfaction with IT services. This is what my team is looking for in this transformation:

to have better results in our periodic customer satisfaction surveys." [P4]

The Director of Services Application Development area highlighted:

"We need the customer closer to the IT department, and fast." [P17]

The annual roadmap to decide on a budget for the departments is also a concern.

The Manager of Finance Application Development area is afraid ORG might "crash" in the

coming year:

"(...) We are still learning how to distribute our projects on an annual basis now

(...) In fact, what we need is to learn how to prioritize requests as the year goes

by so the customers will always get what they need faster. It does not matter

what model we are following; we need rules to decide on what adds more value,

so prioritization will be made easier and clearer." [P13]

The US-based Finance Director argued: "Agile fits well when there is a lot of un-

knowns’ but it cannot be good to fix contracted models like ours." [P10]. His office partner

mentioned: " Our budget is fixed, we will likely never change that. Effective prioritization is

the key." [P10]

In addition, one of the Directors on Infrastructure area reported:

"The company has an annual roadmap, so we plan by the resources and budget

we receive; I still have no clear vision of how it will look like really with agile."

[P12]

One of the Portfolio Planning Managers, responsible for the annual roadmap plan-

ning confessed:
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"We do not know we have to change the way we do our budget forecast, but we

still have not found a way and the clock is ticking. It is dependent on the business

budget funds, so it is not just changing the process, it is more complicated than

that." [P9]

The Manager of Process Improvement added: "We need to work based on prior-

ities." [P1] Her colleague supplemented: "(...) We just are not sure how to move from a

cost-based model to a priority-based one. I think the first step is to have a demand supply

staff, like a roadmap change management board, to ease things down next year. Then we

buy ourselves some time." [P8]

The global distribution of the teams is another factor that concerns most of the

managers. ORG started in the USA, later created an office in Brazil, next in India and

Malaysia. There are also groups of IT professionals allocated along with business offices in

Ireland and Russia, and other places. Over the last 13 years, the teams went from co-located

to distributed between two countries (e.g., USA-Brazil, USA-India) and finally to distributed

over three continents (e.g., USA-Brazil-Ireland-Malaysia). Differently from a large number of

agile companies in Europe that are distributed up to 5 countries within the same time zone

or, at most, 1 or 2 hours apart, at ORG teams have the challenge to have to coordinate

with remote teams members that are often 8-14h distant from one another. This concern

can be perceived in the following excerpts by one of the Directors on Infrastructure area, the

Manager of Finance Application Development area, the Manager of Services Application

Development area, respectively:

"We work with distributed teams. Everything we do is distributed. My team is

distributed over four continents. It is very challenging to have a synchronous

meeting, even when we make an effort to compromise our working hours. Not

even to mention that for more that we try, it will never be the same than working

side-by-side." [P12]

"There are just too many people over too many countries around the world to be

flexible and agile in our processes effectively." [P13]

"We have five thousand people distributed among Americas, Europe, and Asia,

and this will not change because it is how our business survive. We need to be

where our end-client is (...)" [P14]

Most of the applications at ORG born when the company was still small and with a

single office. Despite, they have been maintained by teams of senior professionals that are

well aware of how the applications work. As people retire, new members are moved from

junior to senior positions and being assigned to be in charge of keeping the applications

working. With this company-wide transformation, old technologies and legacy systems

become a serious concern as reported by one of the Portfolio Planning Managers:
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"We are still learning about whether agile is fit for all projects we have. Some

might never be able to go agile like the legacy systems. We are still not sure yet."

[P9]

The Manager on Services Application said:

"Our applications were not designed thinking of agile methods. They are 10-15

years-old with legacy code that is tough to have a feature team responsible for it,

for example." [P14]

The Manager on Finance Applications said:

"In a complex environment with different systems communicating with each other

and integrated with old technologies, it is insane to try to move legacy systems

to agile." [P13]

Other concern is about countries’ laws and fiscal year’s budget as mentioned

by the Manager on Financial Services Application:

"The shares must be tendered, and we are still managed by a quarter to quarter

within the fiscal year. Management is tied up to the fiscal year, which ensures

pre-delivery and planning visibility different from what happens in agile, I think.

The cost is likely discussed for the short-term deliveries, without considering a

closed scope." [P15]

The Manager of Finance Application Development reported:

"I have some demands that vary greatly according to the [Brazilian] govern-

ment and the law under ORG is hosted here [in Brazil]. For instance, if the

law changes, we need to change to be compliant with it. Also, the [Brazilian]

government is always changing rates. Thus we have to adjust the systems in a

very frequent fashion." [P13]

Agile evangelists is also a concern because they often believe only in agile in

itself, not in a process that can be effective through a transition and that represents a culture

change. Transformation is a slow process, so many people do not believe that teams can be

useful in cases where the company is still running some projects on ’traditional’ processes.

This issue is mentioned by the Services Application Development and Financial Services

Application Managers, respectively:

"Evangelists do not believe that change can occur and be effective. They just

believe in what is described in the agile manifesto. They end up damaging the

transformation process. We know it will be slow (...)" [P14]
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"(...) a problem that I see today is that agile is a religion, there are many people

who strongly believe that it can even cure cancer [laughs]." [P15]

Lack of formal documentation for requirements is another issue cited by a few

participants as showed by the excerpt below:

"So, if you do not have any documentation, it has happened several times to us,

to have projects that go back and forth, and then our customers say no–customer

here is always internal departments. They say ’it was not what I wanted,’ then

we say ’but it is what you documented’ so we have how to defend our position.

We always had this fear to miss formalities despite all the interactivity that Agile

offers." [P11]

The adaptation and the redesign of tools to support work throughout the organi-

zation is a less concerning issue but something the company knows that will have to be

considered sometime sooner than later. For instance, the Process Improvement Manager

mentioned:

"We will need tools to support virtual stand up meetings, visualization of data

exchanged among people to facilitate comprehension of what is going on given

that most team members do not work with co-located colleagues and have large

time zone differences, and so many others that I could spend the entire hour

listing here." [P1]

5.3 Discussion

As results, ORG has two particular configurations in relation of other large com-

panies that have already been through this transformation are: (i) it has an ecosystem of

applications that are dependent on each other and (ii) it has large teams globally distributed

around the globe with no or little overlapping work hours. Both characteristics make ORG’s

situation unique, thus likely requiring specific measures to leverage success.

This opportunity brought several findings not known in the literature, adding a com-

plex environment in a traditional structure geared towards to large-scale agile development

involving all continents. Thus helped us to understand the subject in a detailed empirically

manner.

As other LSAD companies [120], ORG has different motivators to aim to ’become’

agile. We could realize that the most important reason why ORG decided to go Agile is

similar to those reported in the literature (e.g., [21]): to deliver faster. This is one of the main

characteristics of agility and proven to be still a common issue in the industry.
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The reorganization of the former organizational structure reported by some of the

participants is a natural reaction when a large-scale company is moving to a new paradigm

(e.g., from Waterfall to Agile). When the company was using the Waterfall model, it was

fit to have a matrix structure. However, when the migration to LSAD started it was easy to

realize that the organizational structure needed to change to support teams working based

on features using evolutionary and iterative development.

Training team members on agile practices is an incisive step to the large-scale agile

transformation that includes qualifying people on the ’basics’ of the new mindset (e.g., self-

training, trial, and error, changing priorities) [45]. Our findings also indicated that agile train-

ing was one of the first strategies to be taken at ORG, despite a large amount already familiar

with agile practices. The training offered not only the discussion of agile concepts but also

how to put them into perspective at ORG based on the company context and background.

This was cited as one of the main benefits of having the training sessions approaching the

success factor found in LSAD companies [29].

Pilot projects are common strategies to test whether something is working and it

was also used by ORG. The pilot projects in LSAD environments helped create confidence

in agile way of working and the general acceptance of agile in the teams [29]. Also, this was

considered one of the successful factors to support the transformation in LSAD companies

such as in Gap, as reported in [47].

Coaches hired to assist the company is among other of the successful factors cited

by Gandomani (2014) [45]. To provide training on agile helped people to become more

positively inclined towards the new way of working, and improve the chances to be agility in

LSAD [44].

Customizing the agile methods and practices was often seen as a necessary step in

the LSAD implementation [29]. Applying agile at scale teams need to change agile practices

to fit the large and distributed environment [111]. This allow teams to become innovative and

perform well. Thus also took place at ORG and was also pointed out as a strategy to LSAD

implementation.

On the challenges reported here by the ORG managers, some of them are similar,

and others are new to literature as discussed in the coming paragraphs.

The concern related to the complex ecosystem of software applications that ORG

has present in its daily activities in still an open question in the literature for LSAD. We found

challenges and limitations reported related to the usage of agile practices in a distributed

environment (e.g., [119]) and on a project with dependent projects (e.g., [44]), but none

referred to the same complexity as in ORG (having both aspects altogether on the same

project, for instance).

The limited spread of the LSAD discussion to the IT department only is a new

concern. For being a large company with several financially independent departments, the
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implementation has been so far just been discussed among IT personnel. Business people

are aware of the transformation, but they still are not involved in it in practice. Dingsøyr and

Moe (2013) [30] proposed a research agenda for LSAD in which they cite that customer

collaboration is still an open issue in this setting. ORG is, facing this issue and little is know

in literature to help them overcome this challenge.

As per the annual roadmap concern, we found a study from Borland (2009 [121]

that showed an annual roadmap was one obstacle, having the company moved to a catalyst

solution. The new strategy has been established based on a common understanding of the

involved parts, and the agility was achieved across their product delivery value chain. ORG

knows this is one of their key topics of concern and that changing it involves more than

improving software engineering processes and task allocation.

The global distribution of the teams is ’big’ challenge to the LSAD at ORG. Man-

agers have already realized that there are some practices that do require close coordination

and fast decisions have to be made for short releases be a feasible reality at the company,

and that long distances with the lack of overlapping hours make them discussions almost

impossible to happen. Korhonen (2013) [62] was identified that distance does make it hard

for agile teams to work but that the distance itself does not imply or affect the quality of

working practices per se, contradicting the perception of ORG managers.

ORG has no clear direction about the large-scale transformation of old technologies

projects and legacy systems. Literature reports successful cases when implementing agile

in such scenarios. For example, Shah and Nies (2008) [105] reported practices to move

from large legacy applications to agility, as follows: To have and effective agile attitude with

training, to establish a plan and work incrementally, to have a dedicated role to inspect and

adapt the process, to break monolithic projects into smaller projects, and also to try initiate

something already accepted rather than something new.

Lack of formal document for requirements also was found in a large-scale traditional

projects reported by Cristal, Wildt, and Prikladnicki (2008) [27]. An open issue in literature,

on the other hand, local laws and fiscal year’s budget, as well as agile evangelists, are still

open challenges not yet mentioned in literature.

To became a large-scale agile company is not a simple process to go through.

However there are reports in the literature describing successful factors for this transfor-

mation (e.g., [29]), there are still open questions when the transformation took place in a

large-complex globally distributed scenario as reported in this paper and discussed above.
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5.3.1 The presence of agility

In the discussion three categories describe the presence of agility in Fontana et

al.’s (2015) [42] study (Progressive Outcomes Framework). In Figure 5.1 we designed the

practices learning category as being in agile trial and in agile learning characteristics. The

second category identified in our study was customer Relationship. In this category only

customer awareness of team level was identified by our field study. In the organizational

support category we found agile commitment level because the overall initiative of the com-

pany’s adoption of agile methods. We did not identify other results on the categories as

team conduct, requirements, software and deliveries. To respond all characteristics of the

Progressive Outcomes Framework, we performed another study with LSAD teams, a focus

group study presented in chapter 6.

Figure 5.1: Representation of the presence of agility in a large-scale agile company.

5.3.2 Threats to Validity

This study includes some threats to validity. Firstly, we interview managers, direc-

tors, and analysts. In this study, we do not consider the opinion of softtware development

teams because we would like in the first phase to identify only a macro view on the perspec-

tive of the company as a whole, and we just interviewed people directly involved in the agile

transformation. About the opinion of software development teams, we performed another

study using a focus group method, see in Chapter 6.

There other limitation about the number of respondents in this study (18 respon-

dents). We do not known if this number is enough. But we conducted interviews with all

people directly related to the agile transformation of the company. We also have sought a

theoretical basis for a better interpretation of the results. We used methods of collection and
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analysis known to mitigate the bias of the researcher, following Singer, Sim and Lethbridge

(2008) [108] recommendations.

The last threat to validity is the subjectivity of data classification. Since three per-

sons performed the qualitative analysis and the supervisor looked the review of the codes

created. Thus, Grounded Theory was used to reduce this threat. We follow Strauss and

Corbin (1990) [113] guidelines of cyclical process of collection-analysis-reflection.

5.4 Chapter Summary

This chapter presented a field study about agility in the initial steps of ORG’ company-

wide transformation to agile. Our aim was to identify through interviews what were the main

reasons that motivated ORG to enter this journey; the strategies performed so far to imple-

ment the LSAD and to name the majors challenges foreseen by 18 seniors management to

succeed in such endeavor. This results contributed to understanding to what extent agility in

LSAD.

Despite the challenges and the early stage of the LSAD process itself, we could

observe that ORG is following the same direction path of most successful change initiatives

as reported in the literature. However, we do know that the challenges revealed by our study

will have to be discussed and handled by ORG when the time comes.

The results of the field study led us to conduct a further study with the teams work-

ing on large-scale agile companies to identify the presence of agility in teams. In this study

we identified the presence of agility using the Progressives Outcomes Framework.
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6. FOCUS GROUP STUDY WITH LARGE-SCALE AGILE TEAMS

This chapter presents the results of the Study 3, a focus group study to empirically

identify whether agility is present in large-scale agile teams and the challenges faced by

such teams to be agile in such settings. This chapter is organized as follows. Section

6.1 describes the research method. Sections 6.2, 6.3 present the research executions,

backgrounds, results, and discussions from each company studied. Section 6.4 discusses

the threats to validity of this research. Finally, Section 6.5 summarizes the chapter.

6.1 Focus Group Planning

We performed a focus group study to answer the follow question: how agility is

present in LSAD? The study involved an homogeneous group of participants from large-

scale organizations with 50 or more people, or more than two teams [33] (defined in the

systematic mapping review Chapter 4), and from different domains. The name of the com-

panies was not disclosed due to the agreement made with the author of this Master Thesis

and companies. This study was performed following recommendations defined by Singer,

Sim and Lethbridge (2008) [108], Krueger (1994) [63], and Morgan (1996) [81].

To achieve our goal we defined the following Research Questions (RQs):

• RQ1: Is agility present in LSAD teams?

• RQ1.1: What are the challenges faced by LSAD teams to achieve agility?

The focus group research process consisted of the following phases (Figure 6.1):

(1) Focus group sessions planning - To define the purpose and research questions of the

study, to elaborate questionnaire based on research questions, to organize the materials to

be used during the session, to estimate the duration of each session, and to select partic-

ipants and to schedule sessions. (2) To conduct focus group sessions planned, to take

notes, records, and after each meeting to transcribe all data collected. (3) Consolidation

of results - To examine and to code data transcribed in the second step using Grounded

Theory procedures, and finally, report these results. Next paragraphs details the process.

Based on the research questions already presented, we have identified the need to

develop a questionnaire to facilitate the understanding of each participant about the purpose

of the study. As aforementioned, we used the Framework of Fontana et al. (2015) [42] to

develop the questions. We had Author’s authorized to use the Framework in our study.

We estimated one hour and a half duration to perform each focus group session.

We performed in two phases the session, Phase 1 - Individual perception and Phase 2 -

Discussion and collective perception.
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Figure 6.1: Phases of the focus group research method

- Phase 1 - Individual perception: In this phase, the moderator presented study goal

and distributed a questionnaire to the participants. The questionnaire has seven questions

related to the Progressive Outcomes Framework aforementioned. This phase was estimated

to take 30 minutes duration.

- Phase 2 - Discussion and collective perception: In this phase, the team discussed

the findings related to answers given in the questionnaire. This phase was estimated to take

one hour.

Six pilots studies were conducted to evaluate the study protocol feasibility, time,

and adverse events. First, we interviewed five persons who working on LSAD teams. And

second, we conducted a pilot focus group study with seven graduate students. In this pilot

focus group, we created an LSAD hypothetical usage scenario to simulate an LSAD team.

All professionals and students expressed their opinion on the study. As a result the following

notes were taken to improve the focus group study:

• We identified choice changes of the participants by comparing the results from phase

1 and 2. For instance, in the features disclosure (i.e. fourth category of the framework),

all characteristics from that level were identified by all participants. However, the par-

ticipants chose not to identify any traits in phase 2. We understood it as an outcome

of the study. The thinking individually is different from thinking together by the team. It

helps to characterize such study is the team’s interaction and perception.

• To collect as much information as possible, we define 58 questions in the question-

naire. However, the participants found the length of questionnaire inadequate to be
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answered in a short period.Thus, we decided to change questionnaire length keeping

the focus only in the main characteristics of the each category with a multiple choice.

Appendix D presents the questions reviewed and applied during the focus group

sessions. These questions are in Portuguese language because participants were not fluent

in English. Also, we organized the materials used to conduct the study: post-it notes, sheets

of cards, pens, questionnaires, study goal printed for each participant, two audio recorders

and blank pages for notes.

We selected candidates of LSAD teams from different companies. Five companies

are located at Porto Alegre and the metropolitan area and, two companies from Curitiba.

Table 6.1 details the candidate’s participants for our study and the status of conversations

with each Company. At the end, we performed the study with two companies from Porto

Alegre.

We executed the study in the way we planned. The session moderator conducted

the study accompanied by two researchers. While the moderator guarantees the execution

of the study, others researchers controlled the time, took notes and delivered the materials

to the participants. The Figure 6.2 shows how we represent the results during a focus group

session.

Figure 6.2: Sample of results showed in the focus group sessions

Once the transcriptions were done, we started the data analyzis process inspired

by the grounded theory procedures of Corbin and Strauss (2014) [26].We used MAXQDA

[20] to support the creation of codes. First, in open coding stage, we separated the data

into categories and subcategories. Subsequently, we performed the axial coding to obtain

the understanding of what the data meant. In the end, we obtained the selective coding,

described in Section 6.2, and 6.3, which presents the results of this study.
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Table 6.1: Candidate participants of the focus group study

Comp. Description Status

A

An American multinational
information technology
company providing
hardware components,
software and related
services to consumers.

Invitation sent.
No confirmation.

B

An American multinational
computer technology
company that develops,
sells, repairs, and supports
computers and related
products and services.

Invitation sent.
No team has confirmed to
participation in the study.

C
Rio Grande
do Sul’s
public department.

Study accomplished
with one team.

D

A Telecom
Company having the largest
development team in Latin America,
providing manufacturers
of telecommunications

Study accomplished
with one team.

E

A Company who develop
projects of software
development and
outsourcing processes in
retail, finance, health-care,
government and others.

Invitation sent.
No team has confirmed to
participation in the study.

F

The biggest
government-owned
corporation
of IT services of Brazil.

Initial decision done to
Senior Manager
who confirmed interest.
No (research) budget to
perform the study

G
The largest Telecom
company
in Brazil.

Initial decision done to
Senior Manager
who confirmed interest.
No (research) budget to
perform the study

6.2 Focus Group at Company A

We conducted our first focus group study in August 2016. This study was perfomed

in a governmental justice department in the Rio Grande do Sul, Brazil. All software area of

the company has about 100 people between permanent and outsourced employees.

The project of this company aimed to implement an electronic process to the Spe-

cial Courts and Treasury at the Rio Grande do Sul. This project began in 2013 with a small

development team, but the team gradually grew. There is no forecast date for the end of this

project. About 40 people are working on and the teams involved are system development,

architecture, support (internal system team), DBAs, and infrastructure. Also, there are peo-
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ple of other outsourced companies in this project. All teams (architecture, support, DBAS,

and infrastructure) adopt agile methods.

We collected data from one LSAD team of this project. This LSAD team has 18 peo-

ple and is separated into two smaller teams with nine people each. There is development,

testing, PO, Scrum Master and support roles out. Of the 18 people, 12 are outsourced. Due

to the teams’ availability, we conducted the focus group with six members. The team adopts

Scrum and Kanban in their work processes, and the current sprint’s goal is expanding the

scope of the project to allow a greater number of locations and users to use the electronic

process. Developers have different levels of agile experience. Three developers had less

than three years of working experience, and other three have more than three years’ of work

experience. Table 6.2 presents the participants’ details.

Table 6.2: Participants’ profile - Company A

Participants Job Title
Agile Methods

experience

Working experience

with the team

P1 Developer 4 years 2 years
P2 Developer 5 years 3 years and 4 months
P3 Developer 5 years 2 years and 4 months
P4 Developer 4 years and 10 months 3 years and 10 months
P5 Developer 2 years 1 years and 2 months
P6 Developer 3 years and 10 months 3 years and 7 months

6.2.1 Results from the Questionnaire

In Phase 1 the author of this Master Thesis (moderator) presented the study goal

and distributed a questionnaire to the participants. The results from Phase 1 are shown

in Figure 6.3. Each question in the questionnaire represented the seven categories of the

framework. In each category, the characteristics were described so that the participant could

choose which characteristics belong to their large-scale agile team according to each level.

To identify the responses of each participant, Figure 6.3 also describes the participant ID:

P1, P2, and so on.

In the practices learning category, the majority of participants believes to be part

of an agile trial characteristic with five choices a total of 83.33% (choices from P1, P2, P3,

P4, and P5). Following agile learning and sensemaking of work process characteristics, we

found two choices each. Comprehension of situation characteristic had one choice from P6.

In the team conduct category, we found a draw on the responses from partici-

pants. The responsive team had four choices (from P1, P2, P3, and P4), and also 4 (choices

from P1, P2, P5, and P6) choices for confident team characteristic. Assertive team and

sparking team characteristics were not indicated by the participants.
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Figure 6.3: Findings from the questionnaire - Company A

In the deliveries pace category all participants chosen expected frequent deliver-

ies as a characteristic that represents their frequent deliveries to the customer. The other

characteristics: expected finished coding, expected frequent deliverables and defined fre-

quent deliveries had one choice each (choices from P4, P2, and P3 respectively).

In the features disclosure category, the requirements discovery characteristic

answered by most of the participants with a total of 5 choices from P1, P3, P4, P5, and P6.

Others characteristics as requirements gathering and requirements quality had one choice

each (choices from P4, and P6 respectively).

In the software product category we found high-level of source code as a char-

acteristic more answered by the participant with five choices (choices from P1, P3, P4, P5,

and P6). Following high-level delivered software with three choices from P2, P5, and P6.

Awareness of failure had one choice from P1 and efficient coding with no response.

In the customer relationship category the majority of participants chose confi-

dent customer as a characteristic that represents their customer with five responses (choices

from P1, P3, P4, P5, and P6). Customer awareness of team and partner customer charac-

teristics had one choice each (choices from P2, and P6). Team awareness of customer had

no answer.
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The organizational support category had four choices for agile commitment char-

acteristic (choices from P2, P4, P5, and P6) following agile priority characteristic with two

answers (choices from P1, and P2 respectively). Agile motion and agile business character-

istics had no answers.

6.2.2 Results from Focus Group Session

After the end of the mapping from questionnaire responses to the framework, we

started the second phase. In Phase 2, results from the Phase 1 were discussed with the

whole team to get a deeper conclusion about the results of the first phase and the rea-

sons why each characteristic chosen belongs to the team. We also extracted challenges

faced in all categories. The discussion and collective perception meant that the results were

confirmed by all participants about their characteristics in the Progressive Outcomes Frame-

work.

Figure 6.4: Findings from the focus group - Company A

The contributions from each participant are shown in Table 6.3. The statement es-

timates how many contributions each speaker made and what percentage of all statements
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that calculates to [20]. And the label words means the number of words spoken by the par-

ticipants. We identified that Participant 6 (P6) had zero statement because he left the study

before the end to solve a work problem. Participant 5 (P5) had the major statements about

the group of 34,37% percent of contributions.

Table 6.3: Contributions from each participant in the focus group - Company A

Participants Statements % Statements Words % Words

P1 32 12,45 2426 8,24
P2 43 16,73 5175 17,58
P3 39 15,18 3319 11,27
P4 25 9,73 2892 9,82
P5 55 21,40 10119 34,37
P6 0 0,00 0 0,00

When the discussion started, we noted that some characteristics were discarded,

other were included, and also other had no changes. The following paragraphs detail the

group choices of the participants on the characteristics (outcomes) represented by the team.

Codes [O(number)], [E(number)], and [C(number)] represents the outcomes, evidences and

challenges, respectively, extracted in each category. This codes were merged from the

interviews transcriptions. (See in Appendix E - Network of Results).

In the practices learning category, all participants agreed that agile trial char-

acteristics [O1] belongs to the team. Participants discussed the adoption of some agile

practices tailored to the large-scale development context. Others practices are not imple-

mented nor encouraged. They are all hands learning about how to follow agility [E1].

As mentioned by [P2]:

"(...) We don’t have all Scrum Method applied by the book in our development

process. What I think is that (...) We only adopted management part of Scrum.

We use kanban board, daily meetings, and others. However, we haven’t used

quality code, refactoring, and pair programming. We are still learning how to

implement agile, how to deliver value on time." [P2]

Participants P4 and P5, also discussed that they had a coach, but he left the project

due to the contract agreement finished. Now they do not have a coach to help them to

implement agile practices. Thus, the biggest challenge in this category is the lack of training

in agile practices [C1]. This challenge characterizes a fragile team, which is not confident

to do their work in an agile environment:

“In the past, we had a coach, we had a mentor of agile methods. But he left

the project for some time and, since then, we did not have agile training in our

project. (...) We do agile on the fly. However, sometimes nothing works!” [P4]
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Also, the developer P5 added:

“So also we, as a team, had this lack of training. The unavailability of a public

company that depends of others outsourced companies. This is so difficult. (...)

So, we have been adapted the techniques, the practices, but actually, me and

my work colleagues do not follow all practices by the book.” [P5]

Other characteristics were not covered by the participants because they believe

they do not use any agile method ’by the book’. They vaguely understand the agility value

in each practice, and they do not understand the situation of their work processes with

simplicity using metrics.

In the team conduct category, the responsive team [O2] and confident team

characteristics [O3] were fully agreed by all participants. They admit being a responsive

and confident team because they need leadership to perform the activities demands

[E2]. They have a little autonomy over their work processes and require approval for changes

about the business scenario, even in small changes as reorganize the product backlog.

About communication, they are free to communicate with each other, and they use a tool

called Communicator to talk to other distributed team. They know each other and are free

to communicate [E3], even in distributed teams.

Thus, Product Owners (POs) are the leadership inside of the team. The POs hold

meetings with customers to define the project scope and the product backlog in a high-level

understanding to start the sprints. During the sprints, in the planning poker, POs meet the

entire team (POs, developers, and testers) to define which activities have to be done. These

activities are described as user stories and estimated. In this process, the participants have

partial autonomy to make decisions about how activities will be developed, and by whom,

also they choose the technologies used for the work development. Only POs define which

are the top priorities of work to be done. Thus, no one developers have autonomy to change

it or even to change the time of accomplishing a user story, as developer P2 said:

”(...) Our Product Owner is our informal client. He evolves workshops in the

clients and they define the project scope and they pass for us to develop (...) we

do not define what it will be developed. (...) the autonomy we have is to change

some sprint backlog, we need not implement exactly what comes, we suggest

the best way to accomplish tasks” [P2]

This hierarchical structure within the entire team bothers the developers [C2]. Because

some activities need to be modified and the developers do not have this autonomy. Thus,

deliveries not understood by development are exposed to errors not being performed in the

estimated time, as developer P2 claims:
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"The senior management does not ban our work process (...) we have a man-

agement within the team, the POs. (...) They came ready at most ended up

scoring the difficulty we would have. Regardless, if the task is easy, we did. If the

task is impossible, we had to do the same but, we can deliver late. we cannot

complain about this complex tasks, I see this as a challenge." [P2]

Participants did not choose an assertive team, and sparkling team characteristics

during the focus group session because they do not feel responsible for the project, and they

did not create their work processes focusing on technical excellence and self-autonomy.

In the deliveries pace category participants identified three characteristics (same

characteristics found in the questionnaire): expected frequent finished coding [O4], ex-

pected frequent deliverable [O5], and expected frequent deliveries [O6]. In their work

process the deliveries are partials [E4] (finished code and integrated in into the reposi-

tory). Also, their technological environment support automated build and continuous

integration [E5] using Jenkins tool (an open source automation serve). As aforementioned,

the deliveries are planned and done, but usually late. This occurs due to the extra demands

appear [E6] and the team has to address them. Thus, the sprint size sometimes varies

[E7] and change of scope happens, as mentioned by P3, and P5:

"It is quite rare to deliver on time" "(...) Very often we deliver on the last minute

that we can. We always anticipate that some tasks will be delivered after the

production or "golive". We have bugs in our development process. These bugs

can be corrected in the next Sprint, or during the release."(...) "Here, we call that

as a partial agile delivery." [P3]

"Yes, In several situations we delivered late. (...) In 45 minutes from time to

deliver – they (PO and customer) – diced to change the project scope, and – we

(developers) – need to fix it and deliver on time. I only remember one or two

tasks that have been delivered on time. (...) For example: ten items are priority

to be delivered. But suddenly we have more five to do, and after more two or

three. Then we have seventeen priority tasks. Its a really and unfinished mess."

[P5]

Testing is usually manual [E8]. They have five testers who have performed man-

ual and automated tests. The testers also assist developers on delivering quality. They do

automated builds which help regression testing at the end of the sprint. However, a big chal-

lenge to the participants is to have automated test in their complexity legacy systems

[C3]. As said by P2, and P4:

"We have testers in our team, they perform a manual testing. Sometimes, we

have automation testing. This automation do not cover the entire systems be-
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cause we have or "legacy systems" that I think is a big challenge to start an agile

testing here." [P2]

"In our team we have testers, they do acceptance, and white box test manual. We

do not have automated testing in our complex system. This is another trouble."

[P4]

Also, another challenge is the conflicts within the team [C4]. The development

team believes the testing team affects the code quality and the refactoring of activities per-

formed by the developers, as P2 and P5 said:

"We defined an agile process, but we do not have refactoring and pair program-

ming in our code process. (...) Our testers dedicate a part of their time identifying

code errors. Then a test team began to think: "We will not take the blame for hav-

ing half that left so many mistakes to go." Then we’ll have a process where the

developer creates a version. We test and integrate the code after being released

and tested, so we can not do refactoring of little things. We commit without refac-

toring part." [P2]

"(...) Our developer point of view, against the tester’s point of view. " [P5]

The defined frequent deliveries characteristic identified in the questionnaire was not

included by the participants in this second phase, because they believed that deliveries are

not performed as planned ’on time’ [C5], although they have an environment to support

automated build and integration.

In the feature disclosure category, the requirements discovery [O7] character-

istic represents the LSAD team (described by all participants). Non-functional requirements

are defined at the beginning of the project by POs, customers, and stakeholders. Functional

requirements are specified at the start of each sprint during the scrum-of-scrums

meetings and finalized in the planning poker [E9]. However, there are ongoing initia-

tives to refine requirements, which means that the team is not in the requirements quality

characteristic. All requirements dependencies are discovering in this phase. Developer P2

described requirements definition:

"(...) PO conducts an overview only spoken and some items without the prototype

there. So we’ll question for example, how often you have the vision of what the

system has to return, that you have to do that part. (...) POs created the user

stories during the scrum-of-scrums meeting and also during the planning." [P2]

There is an internal practice used during the planning poker called "10 minutes

rule". If PO does not explain the user story in 10 minutes, the user account is removed in

the sprint. The developer P3 described:
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"Also, we (developers and testers), put a rule for planning that the PO can not

explain to us. (...) It is 10 minutes, then we removed it (requirement) from the

sprint. But, some can not be removed." [P3]

Also, there is scrum-of-scrums meeting with all POs of each project before the

planning poker:

"(...) Scrum masters, POs... They use Scrum-of-Scrums that works very well.

(...) They gathered the team, including developers, and our team improved quite

well. We have contact with other teams. " [P5]

If there are extra demands, the requirements are already ready to be implemented

by the developers. This causes mistrust in the team because many requirements are not

well specified by the customers and POs. Thus, participants said that they do not know if

these implemented requirements bring value to the customer [C6], as said by P5:

"This difficulty we are going through and that in my view we are improving enough

but when I got right there, and this is where the red snapper commented here that you re-

ceived a task and an incredibly simple description to do and she became what exactly do

you want it done right? And then you came at the time of planning was told, B, C, D (exam-

ples). Then when you were going to do there with the missing one thing that influenced the

B, C, and D, and I already was there in D. There for you to sit back, review the requirements,

exchange idea." [P5]

In software product category, the awareness of failures [O8] characteristic was

chosen to represent the entire team. There are several flaws and bugs in the code system,

thus they spend time in the sprint correcting bugs, and issues in code building and

integration [E10]. Even existing a team of testers within the LSAD team, testers can not

prevent deliveries, sometimes have problems, mainly when a new service is created in a

legacy system. The development process is similar to the waterfall [E11], the testers

only tests the code before being delivered to the customer. So, the team does not have a

source of high-level that ensures robustness, efficiency, and quality code. As developer P1

mentioned:

"I agree that we are in the category of awareness of failures. We do not reached

efficient coding yet. The code is shy.” [P1]

Thus, all participants concluded that the characteristics high-level source code,

high-level delivered software, and efficient coding does not correspond to the team, con-

tradicting what was chosen in the questionnaire by themselves. There are no initiatives to

guarantee the quality code, as refactoring, pair programming. Although they have an in-

frastructure to support agility, they do not have unit tests and a few initiatives to Developer

Operations (DevOps).
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Only a manual testing is realized in each code developed. After, the code goes

to continuous integration. They performed three tests: the local test is the first one, in the

development environment is the second one and finally in the homologation environment.

Regarding technological environment, the team has an environment to perform

continuous integration and automated build with Jenkins. Also, they use Redmine tool to

manage the tasks to be performed. And code freeze is a practice for integration of codes a

week before finishing the sprint.

Bugs mostly are reported by customers, [C7] and developers also highlight this

as a challenge. The participant P5 said that P6 cannot participate in the session because

he needs to solve a problem that occurred in the last sprint:

"Most failures were proper by customers; they are testers. “For example, P5 are

solving now (...) a bug of our last sprint" [P5]

In the customer relationship category, participants agreed that the development

team is not represented in no one characteristic. Only PO collaborates with the customer to

identify the main requirements of the project. POs do interviews with a customer and receive

the demands. Thus, the development team thinks that PO role is a bridge between the

team and the customer [E12]. As mentioned by P3:

”(...) The scrum master, POs, and customer prefer to centralize their customer’s

relationship. Thus the PO is responsible for contacting the customer if necessary.

The demands and the scope are agreed only between these two parts. The

development team learns of the conversation between them.” [P3]

Also, P5 adds that the main challenge is to have an intermediary (POs) to un-

derstand what the customer needs [C8]: ”I think that sometimes is (...) we are like in

the ping pong. You take here. Then you play there, then we play the ball back, then back

again. (...) Now the question we had was not well this then is a confusion where there is

an intermediary.” [P5]. Thus, the communication of developers and customers/stakeholders

was weakened after the formality of communication only with the POs: "(...)I did not choose

the "customer awareness the team" because I think about the customer and internal affairs.

I think they were very close, but nowadays we do not have this approach anymore." [P2]

Participants, also a highlight, the lack of communication with the customer [C9]

as a challenge. Sometimes there is no common understanding between PO and developers

on some requirement. Thus, developers waste hours for a customer’s positions.

The last category, organization support, participants chose agile commitment

[O9] as a characteristic related to our organization. The participants follow the organization’s

commitment existence in empowering the team and provide an infrastructure for the adoption

of agile methods. All participants agreed that "agility" is not a priority neither the business
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of such company. This happens because there is a few support to agile transformation, and

the company is not recognized for being agile. Thus they understand to change the findings

from the questionnaire.

Top management decided to adopt agile in the company, and initiates are of-

ficial in all IT departments [E13]. There is an infrastructure that supports agility. However,

no training or qualification to the developers is encouraged now to the agile transfor-

mation [C10], as a challenge by P3:

"It’s just said that for me this is partial, there is no investment in training, coach-

ing, and communication. In the past, they had an investment to adopt the agile

method, but not now. (...) For example: it’s good to come here, but now you guys

already know agile and you will stand on your legs". [P3]

Also, participants felt that some teams have resistance to change, as infrastructure

teams. Company structure (physical and departmental) has changed to support agility, said

by P2:

"(..) About our resistance, some people had resistance, especially in infrastruc-

ture team. Older people, they had a little resistance, they did not change their

work process to adopt agile." [P2]

At the end of the session, the moderator asked the participants if they felt as an

agile team. According to them (participants) they can not be defined as an agile team, but as

a team with agile initiatives. Some participants agreed that the company enjoys the benefits

of agile. For P1, P2, P3, and P6 agile is ’to run fast and fail fast.’ Also, communication

has improvements, as mentioned by P2: “I think it has benefits because I have worked on

projects to stay six months working and when finished taking so put in the corner and do not

use. Why it is not what the customer wanted.” [P2].

However P5 does not agree with benefits in adopted agile, he prefers to use tradi-

tional methods, to not change so fast the planning, as P5 mentioned:

“I think, I came from a company working on a waterfall, and the only thing I

saw difference is about the experience I’m having here with an agile method.

The issue of code quality and to delivered product late. In waterfall, we delivery

with quality, using RUP, much better, the way of how the implementation of the

software was made process. But in agile, I saw in the last month’s, nothing works,

nothing is ok to deliver.” [P5]



95

6.2.3 Discussion of Results from Company A

The results of Company A shows that the team is in the first characteristics from

the Progressive Outcomes Framework. To answer our research question, the results shown

in Figure 6.5 indicate that agility is present but still in the ’early stages.’ The team is toward

to agility, i.e., agility is not entirely followed. To a team be ’agility’, mature in agile software

development to the Fontana’s study (2015) [43] the team must obey the final characteristics

of the Framework (shows in Figure 6.5. The blue boxes represent a mature team following

agility) that related to the results from the focus group, these characteristics have not been

achieved.

(a) Focus Group Results (b) Agile Compass Results. Source:
Fontana et al. (2015) [42]

Figure 6.5: Comparison between the focus group and the progressive outcome framework
Company A

Compared to the responses of the two phases of the study, we identified the differ-

ence among the results. For instance, all the characteristics of practices learning category

have been designated as belonging to the team. After the discussion of the results, the

group change their opinion found only agile trial characteristic.

P2 and P5 participants who spoke and contributed mostly in the study. Thus the

results may have been influenced by these two developers who contributed mostly to the

study. The responses differences were only identified by the moderator at the end of the

study, about the agile benefits and if the team feels an agile team. In no time during the

team identification in the Framework the participants discussed their views. This indicates

that the results were unanimous.

In the agile learning category, P2 does not believe that the team adopts Scrum by

the book. However, is a contradiction because they said to implement all ceremonies of

Scrum indicating the team follows an agile method. The team may also be in agile learning
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level. Thus, as a result of lack of training leave the team without knowing if they implement

some agile method. Moreover, they have a lack of confidence in adopting practices related

to the code, such as refactoring and code clean. These practices are encouraged in the XP

method, but not in Scrum, as the participants said erroneously.

Table 6.4: Results from the presence of agility - Company A

Agile Learning
Category

Evidence Challenge

[O1] Agile trial
[E1] The team tries adopting
Scrum practices by the book
as Hands-on learning.

[C1] Lack of
training/mentoring in agile practices

Team Conduct
Category

Evidence Challenge

[O2]
Resposive team
[O3] Confident team

[E2] The team needs a leadership
to perform the activities demands
[E3] The team knows each other
and are free to communicate

[C2] The development team feels
weakened by the autonomy of POs

Deliveries Pace
Category

Evidence Challenge

[O4] Expected frequent
finished coding
[O5] Expected frequent
deliverables
[O6] Expected frequent
deliveries

[E4] The deliveries are partials
[E5] Technological environment
support automated build and
continuous integration
[E6] Extra demands in the sprint
[E7] Sprint size sometimes varies
[E8] Testing is usually manual

[C3] The team do not have automated
test in their complexity legacy systems
[C4] There are conflicts within the team
[C5] Deliveries are not performed as
planned ’on time’

Feature Disclosure
Category

Evidence Challenge

[O7] Requirements
discovery

[E9] Requirements are specified
at the start of each sprint during
the scrum-of-scrums meetings and
finalized in the planning poker

[C6] Developers do not know if
the requirements have value to
the customer.

Software Product
Category

Evidence Challenge

[O8] Awareness
of failures

[E10] The team spend time in the
sprint correcting bugs, and issues in
code building and integration.
[E11] The development process is
similar to the waterfall.

[C7] Customers report the bugs
in the system.

Customer Relationship
Category

Evidence Challenge

No choice
[E12] The customer does not talk
to the whole team, just with POs

[C8] Difficulties in have an
intermediary (POs) to understand
what the customer needs.
[C9] Lack of communication with
the customer

Organizational Support
Category

Evidence Challenge

[O9] Agile Commitment

[E13] Top management decided to
adopt agile in the company and
initiates are official in all
IT departments.

[C10] Lack of training or
qualification to the developers
in the agile transformation

In the team conduct category, there is an individual autonomy in the team. Only

POs and Scrum Master have the responsibility to attend the customer’s business. Develop-
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ers and testers, in turn, are responsible for ensuring the deliveries. This hierarchy breaks

the confidence of the team and is appointed as a challenge. Because if there is one task

misinterpretation developers hope the POs talk to the customers to continue their work.

In the deliveries pace category, in each sprint other demands of the customer are

welcome. By the way, during the discussion of this study, the moderator perceived that

no developer is comfortable in changing or add demands during a sprint. Thus, it is seen

that one of the agile principles (responding to change over following a plan) is not followed.

Also, developers talked about the testers. The moderator noticed a rivalry between the two

parts of the team. Developers blame testers for failed deliveries, and believe that the lack of

automated testing makes it difficult to deliver on time.

In the features disclosure category, requirements discovery characteristic was agreed

by all participants. The characteristic indicated by the team has raised questions once some

activities are not understood by the team during a sprint. This means that the team may do

not know what is needed to deliver value to their customer. Also, participants had difficulty

to discuss because the requirements are PO responsibility.

In the software product category, participants blame to be in the awareness of

failure characteristic due to the lack of a testing process. The testers only test at the end

of the deliveries, which is not generated unit tests. Also, there is no automating test. The

moderator identified a certain degree of implemented technologies (code integration and

management activities) but the lack of training prevent the team from being more efficient.

In the customer relationship category, the customer does not talk to the whole team.

It is an internal policy. Just POs and Scrum Master can speak to the customer and to identify

the customer needs. This lack of communication with all team hinders security in work being

done.

In the organizational support category, the initiatives of agile adoption are top down.

But the lack of training is an issue to the agile transformation. Also, the customer seems to

prefer the formality more than agility (communication). Furthermore, the team has resistance

to using agile methods. When asked about the benefits of agile methods, and they as an

agile team, P5 believes waterfall is more structured and fits better with the team profile, by

the way, other participants think that agile errs easier and is simpler to use.

In general, a team of company A has few agile adoption initiatives and the presence

of agility has many issues to repair. For instance, the lack of informal communication and

the customer relationship restricted. Answering the research questions (Q1 and Q2), we

summarize the main results of each category in Table 6.4. The evidence and challenges

were drawn from the codes in each category answered.
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6.3 Focus Group at Company B

We conducted our second focus group study in September 2016. This study was

developed at a large telecom company located in the Rio Grande do Sul, Brazil. This com-

pany has one of the largest development team in Latin America working on distributed soft-

ware projects for telecommunications area. Nowadays, the company comprises over 350

developers working directly on the creation of new products. The current project aims to

support the network management of telecom. The sprint information and scope of the cur-

rent project are confidential.

Data were collected from an LSAD team of this company. The LSAD team con-

sists of 08 people, including one product owner, one tester, five Developers, and one scrum

master. Only the tester could not participate in the study. Thus, we conducted the focus

group study with seven participants. The developers, the product owner, and the scrum

master had different levels of Agile Experience. Two developers had less than three years

working experience, one had three years’ work experience, and four others participants had

experienced between five and six years. Table 6.5 presents the participants’ details.

Table 6.5: Participants’ profile - Company B

Participants Job Title Agile Experience
Working experience

with the team

P1 Developer 5 years and 1 months 6 months
P2 Developer 6 years 6 months
P3 Developer 2 years 6 months
P4 Developer 1 year and 4 months 6 months
P5 Scrum Master 6 years 6 months
P6 Developer 5 years 6 months
P7 Product Owner 3 years and 8 months 6 months

It is an LSAD team because they work with two other software teams distributed in

two sites containing forty people in the project. Some characteristics about the team:

• The project scope is defined by product and project managers following the customer.

• In this company, scrum-of-scrums is a practice uses by POs, scrum masters and tech-

nical leaders to communicate. The main contribution of this practice was to align the

current demands, to improve communication and integration between teams, to facili-

tate proofs of concept (POC) and to produce coding standards according to the level

of dependence of systems in each team.
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6.3.1 Results from the Questionnaire

In Phase 1, first author of this study presented the study goal and distributed a

questionnaire to the participants. The results from Phase 1 are shown in Figure 6.6. Each

question in the questionnaire represents the seven categories mapped in the framework.

In each category, the characteristics were described so the participant could choose which

characteristics belong to their large-scale agile team according to each category. To identify

the responses of each participant, Figure 6.6 also describes the participant ID: P1, P2, and

so on.

Figure 6.6: Findings from the questionnaire - Company B

In the practices learning category participants believed to be part of three charac-

teristics. Agile learning category appears with one vote (choice of P3) following for compre-

hension of a situation with four options (choices of P2, P4, P5, P6, P7). The sensemaking

of work process characteristic had the majority of options, with five choices (choices of P1,

P2, P4, P5, P6, P7). The agile trial had no responses.

In the team conduct category, we found three characteristics that participants be-

lieved to belong to the team. The confident team had two choices (from P3, P7), and also
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two options from P4, P5 for sparkling team characteristic. Assertive team characteristic had

six responses (choices from P1, P2, P4, P5, P6, P7). The responsive team was not indicated

by participants.

In the deliveries pace category, all participants selected defined frequent deliveries

as a characteristic that represents their deliveries to the customer. Following to expected

frequent deliveries with three choices from P2, P4, P5. Other two characteristics: expected

frequent finished coding, expected frequent deliverables were not selected.

In the features disclosure category requirements, discovery and requirements qual-

ity characteristic had the same number of answers with a total of six choices of each. Re-

quirements gathering were not selected.

In the software product category, all participants chose high-level delivered charac-

teristic. Following to the efficient coding (choices from P1, P2, P4, P5, P6, P7) and high-level

source code with six responses (from P2, P3, P4, P5, P6, and P7). Awareness of failure had

one choice from P5.

In the customer relationship category, the majority of participants chose confident

customer as a characteristic that represents their customer with six responses (choices from

P1, P2, P3, P4, P5, and P6). Team awareness of customer characteristic had two choices

from P5, P7. Partner customer characteristic had one choice from P1. Customer awareness

of team had no answer.

The organizational support category had six choices for agile commitment charac-

teristic (options from P1, P2, P3, P4, P5, and P6) following agile priority characteristic with

three responses (choices from P1, P5, and P6 respectively), and agile business with one

vote from P7. Agile motion and agile business were not selected by participants.

6.3.2 Results from the Focus Group Session

After the end of the mapping from questionnaire responses to the framework, we

started the second phase. In Phase 2, results from Phase 1 were discussed with the entire

team to get a deeper conclusion about the results of the first phase and the reasons why

each characteristic chosen belongs to the team. The discussion and collective perception

means that the results were confirmed by all participants about their characteristics on Pro-

gressive Outcomes Framework. The contributions from each participant are shown in Table

6.6. We identified the Participant 6 (P6) had the lowest statement (8,5%), and Participant 7

(P7) had the major statements about the group (20,41%).

At the beginning of the discussion some characteristics were discarded, others

were included, and also others had no changes. The following paragraphs detail the group

choices of the participants on the characteristics represented by the team. Codes [O], [E],
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and [C] presents the outcomes, evidences, and challenges extracted in each category. This

codes were merged from the interviews transcriptions. (See in Appendix F - Network of

Results).

Table 6.6: Contributions from each participant spoken in the focus group - Company B

Participants Statements % Statements Characters % Characters

P1 44 11,76 5013 13,28
P2 27 7,22 2262 5,99
P3 38 10,16 2689 7,12
P4 50 13,37 2963 7,85
P5 75 20,05 7228 19,15
P6 21 5,61 3210 8,5
P7 48 12,83 7707 20,41

Figure 6.7: Findings from the focus group - Company B

In the practices learning category the agile trial and agile learning were char-

acteristics already experienced by a team. In the past, the team hands-on learning tried

adopting agile practices without mentoring. Afterward, they received training in for all soft-

ware development teams. Furthermore, infrastructure was improved to support agility.
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Thus, all participants agreed that they were in sensemaking of work processes

[O1] characteristic. In which, includes taking the method learned and tailored it to par-

ticular needs [E1]. Currently, the team comprises their “way of agile to be” their values, and

they adapt them in the work processes. As Scrum Master (P5) said:

"(...)In my view what take after our environment is the C choice. For each team

despite having a standard process. Sometimes we have an adaptation. Always

the responsive to our environment. Then all the teams do not perform the same

processes. This depends on of each scenario, environment. I think we’re a little

more mature in items A and B. (...) I remember the part of following the tutorial,

step by step. I think today. We’re already on another level, then yes my opinion

is C (...)" [P5]

Four of them also said that the team used metrics and many tools to track

the process [E2] as Rally and Jenkins tool to report working status and letting a clean

and comprehensive way to work. Thus, the comprehension of situation [O2] also is a

characteristic which belongs to the team. As mentioned by P4:

“We have many indicators of the work done. We always tried to make the infor-

mation open to everyone.” [P4]

All teams performed Scrum and Kanban methods. Adaptations happen according

to the context of each one. For example, planning poker is not a practice adopted by all

teams. Other teams prefer to carry out the activities by cadences using a Kanban board.

Another example is the sprint without a target and time defined. Some teams vary in size

until they find time (effort and size) according to their activities, as mentioned by P5, and P7:

"...We do all Scrum ceremonies as a ritual. Some teams put their point of view

in agile development processes. Planning poker is an example. Some teams

believe is useful, but others do not understand the practice, they don’t see a

practice with so much benefit." [P5]

"(...) Another example is the sprint period we usually do in three weeks. Since it

was started, we tested several time-boxes. I think that is not required to do the

same time, always (...) We are flexible. I’ve worked in teams planning sprints in

one week, for example." [P7]

The agile learning characteristic answered by a single participant (P3) aroused the

P5 curiosity:

"I have a curiosity, who choice the letter B? I want to know the motivation." [P5]
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Participant 3 who answered agile learning characteristic, believed that there was

some resistance of agile adoption in the past [C1], but nowadays these symptoms have

been dismissed: We have some resistance before! In the past, this was a challenge! [P3]

In the team conduct category, assertive team [O3] characteristic was chosen by

the entire team in this second phase. The LSAD team feels responsible for the project

[E3]. All team has autonomy to improve their work process [E4], also the team has

autonomy to carry out the activities related to their job and tasks/user stories are estimated

and described by the most experienced developers and, POs. But all team members are

active voices in the project and the process improvement initiatives. Also, the team does not

need to inform senior management about the changes they made.

Participants P1, P2, P4, and P5, believe that the team maturity influenced to be

assertive and there is a certain willingness of the team to be a sparkling team. Team is

mature enough to focus on just technical excellence [C2], as said by P1: "I think the

question of the activities has a lot to do with the team maturity and project experience. It

takes the team to be better assertiveness." [P1]

Also, participants emphasized the presence of the scrum master role as part of

the team. This role does not discard the team leadership and autonomy to express their

opinions about the decisions and to discuss the demands to be worked. The responsibility

of the scrum master is to ensure the ceremonies of the Scrum, unlock impediments and to

facilitate good communication within the team. This role is the former responsibility of the

project manager, but their activities are related to the agile method. As mentioned by P7:

"(...) The scrum master ensures all Scrum ceremonies, we unlocks any imped-

iment related to tasks or things that depend on external teams (...) He also en-

sures good communication within the team. The scrum master can be a project

manager too!" [P7]

Participants P2, P4 and, P7, consider planning poker an effective practice to im-

prove the team communication. The planning of each sprint is an opportunity for the de-

veloper with the lowest experience of work to learn and to discuss ideas with seniors de-

velopers. Such practice creates autonomy and empowerment to the team about their

work [E5]. P4 also claims that once, only senior persons could work in planning activities

and construction of user stories, a challenge for younger people on the team learn to create

autonomy. Nowadays using planning poker, all members are involved.

Despite the planning poker is considered a good practice by participants P3, P4

and, P7, other participants (P1, P2, and P5) believe that instead of planning poker, the

Jenkins tool to cadence activities is a faster and more productive method. And the questions

that may arise with the team are in charge to be answered by scrum masters and the POs,

as said by P5:
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"I think it also depends on the time you will make planning poker at a meeting

that you see a lot of very long things, too subjective. I prefer Jenkins instead.

Really! Planning Poker is not agile, is a practice to achieve or not agility!" [P5]

In the deliveries pace category the team choices were: expected frequent de-

liveries [O4] and defined frequent deliveries [O5]. They partially expected frequent deliv-

eries because, sometimes, the team needs to address extra demands in the sprint [E6].

To address extra demands [C3] is a challenge reported by four participants, P2 and P3

claimed:

"(...)Before, we have a lot of extra demands, but now thank God we don’t do

anymore. It’s a quite rare. Demands can "arise" in the middle of sprint, but we

do not stop the sprint or to add things in the middle of the Sprint!" [P2]

"We do not talk about extra demands, anymore. It was very common for about

four years ago to deliver late. Annoying thing laughs" [P3]

The PO (P7), reinforces that it is not common this kind of situation happen but, in

case it happens, there are work shifts to keep the same effort of activities in sprint: "Its quite

rare (to have extra demands). But sometimes exceptions happen. For example a higher

priority item or are some of them that we thought that he was ready to start but was not.

Then they usually do not take; we negotiate to change and to keep the same work effort."

[P7]

Another challenge that can hinder the deliveries are layoffs of support people

and the decrease of the teams [C4]. Thus, extra demands and activities can be included.

This challenge can cause high damage in a matter of agility.

About defined frequent deliveries, the team planned their deliveries and per-

formed them on time [E7]. Each team has the commitment to deliver on time. In each

sprint they defined the deliveries and metrics to make visible the status of work about the

whole team.

The sprint size does not change [E8]. Sprints with pending deliveries automati-

cally enter in the release period. One task completed need to be developed, tested, accepted

by the PO and committed in the repository, as mentioned by P7:

"yes, We define the sprint period during the planning, and normally we don’t

change this period. We see the success of the sprint with the amount of deliveries

we did. Some sprints have items that are outstanding, (...) we only consider an

item delivered even when it is developed, integrated into the repository. This

code also is tested and accepted by the PO." [P7]
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The team has an excellent technological environment and an infrastructure to sup-

port agility. This environment supports automated build and continuos integration [E9].

They use Git tool to source versioning, Jenkins tool to run continuous integration and Rally

tool to improve agile cycle time — at scale and to align software deliveries to portfolio, and

business. However, the infrastructure dependencies [C5], is seen as challenge. When an

infrastructure problem occurs, teams need to wait for recovery, as mentioned by P2:

"Some things need improvements. But we have a lot of things. I think we have

a perfect infrastructure. But sometimes, our infrastructure dependency creates

some problems. When infrastructure not works, we get limited (...)" [P2]

Tests are usually manual [E10] and performed by one member of the team. The

tester has the responsibility to execute acceptance tests in each user story developed by

programmers and shows to PO accepts. Thus, the “user story” is not finished until the flow

of acceptance tests is done.

Demands that are not completed during of three weeks of sprint are automatically

sent to release, as mentioned by P7: "(...) We accepted all activities and hit all deliveries

in the sprint, but in the release period, we always adjust. If we delayed in the sprint, we

got to the release planning. We have this flexibility throughout the project." [P7]. P5 added

about demands priority: "(...) or just taking the least priority score at the end to finished

on time. There is a project negotiation" [P5]. Also, P6 mentioned about problems during

the deliveries not done on time: "(...) depends primarily on why the delivery was not done,

sometimes, very often, it appeared some external problem." [P6]

In the features disclosure category, the team defines broadly requirements dur-

ing the definition of scope project. Internal customers, stakeholders, and POs participate in

this phase. In the sprints, requirements become user stories [E11]. This user stories

are defined and estimated by the entire team altogether. When deliveries start, PO has the

responsibility to ensure that user stories be ready for the developers starts to implement.

This process PO (P7) characterizes as requirements discovery [O6]:

"The project scope it based on internal customer. We do not have an adamant

contact with the external customer right; we’re going more for stakeholders who

work in other sectors, other areas of the company. Thus we discussed the project

scope, and we defined in a macro way the requirements. Thus, when the sprint

starts, the PO let all the user stories ready. Then during the development of sprint

PO prepares the development of the next stories. That’s how we work." [P7]

Three of the participants also said that they have flexibility to planning, re-programing

or estimating again if a user story is not according to the team expectations.

Another characteristic they pursue is to improve the quality of the requirements

[O7] to make sure they meet customer expectations. Totally different practices appeared to
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accomplish this result, such as using videos to record customer requirements, using systems

analysis diagrams, or involving developers in requirements definition. Also to improve the

requirements quality, PO, and intern customer align requirements definition to make

sure the both expectations [E12]. The intern customer has a responsibility to ensure that

the objectives of the project are aligned with the final product that will be delivered to the end

customer (external customer).

In this category, the participants believe that no specific challenge avoid the process

of requirements. The team is satisfied with the requirements elicitation process. Thus, no

challenge was coded in this category.

In the software product category, all participants agreed in be in all character-

istics, awareness of failures [O8], high level source code [O9], high-level delivered

software [O10], and efficient coding [O11].

When the discussion starts, six of the participants did not agree that bugs happen

due to their development process. But the scrum master (P5) said the team also failed

deliveries due to the non-existence of an efficient process of automated testing:

"I choose awareness of failure because in the process we do not have automated

tests coverage all codes or systems (...) what happened is similar to our HS800

(Sprint Codename) that we did not have a certain regression on the codes. (...)

Our team doesn’t have a good test process, we fail in this, in our development."

[P5]

Thus, all participants were convinced in to have awareness of failures [O6] char-

acteristic. The lack of automated tests in legacy systems [C6] increases the chances of

the team having problems in the development of deliveries, as P3 said:

"Our test is basically manual, we do not guarantee that all deliveries are "done",

without errors. There is a lack of automated testing in old and legacy systems.

It’s a real problem, I think, the biggest problem of our team is the automated

testing." [P3]

About the other characteristics, three participants mentioned about their initiatives

and policies to guarantee the quality code. [E13] They have, pair programming for new

members of the team. They also have reviews, refactoring, manual and automated testing

(when is possible) as a priority. Also, they concern about the integrity of the code in the

repository, continuous integration, and deploy automation. The team has DevOps, who is

responsible for ensuring an available and flawless infrastructure to enable efficient coding,

as mentioned by P5:

"(DevOps) is a person responsible for all of the infrastructure and tools purchases

continue working for continuous integration. He is going to set up jobs in Jenkins

(...)" [P5]



107

In the customer relationship category they choose characteristics about the two

customers they had. The external and the internal customer. The external customers is

the end users who do not know much about the project [E14]. This customer is still

getting to know the team, but nothing formalized. There are no policies that encourage the

external customer to understand how the project happens, due to be an innovation project.

This customer only receives the final product for their consumption, without understanding

the entire development process. Thus the team still awareness of customer [O12], and

as a challenge in this characteristic, the team does not know if the expectations of the

external customers are reached [C7], P3 mentioned:

"We have some projects coming right to the external customer. But, I’m suspi-

cious. I don’t know if we reached the customers needs. We don’t gain feedback

from them. We expected to be in a right way (laughs). But I saw this as a

challenge. I don’t understand that. Even though in a particular and innovative

project." [P7]

The internal customer, on the other hand, is confident [O13]. He relies on the work

of the team because the team can meet the customer’s expectations and needs. The

internal customer also participates in meetings and retrospectives. Supports and encour-

ages the team, the deliveries occur as expected, without delay. Also, he knows when the

deliveries are going to happen and what is going to be delivered, as mentioned by P1, and

P6:

"(...) Now we improvement the development process to agile and it is clearly now

that we gained a moral better. (...) Internal (Customer), so then they have much

more confidence now, especially with the dates and sprints values." [P1]

"They (internal customers) participate in the reviews, retrospectives, and feed-

back, so they know about the timing of things to be done when it will be delivered.

Why that’s being delivered and why not, all works well." [P6]

The term ’confidence’ fumbled the participant’s choice (P1). He believes that the

team helps define solutions for the customer’s business problems, but the internal customer

does not feel like part of the team, as P4 said: "I put that, but I do not feel that customer is

indeed part of the team. This choice is too strong for me, so I cancel my choice." [P4]

In the organizational support, the characteristic chosen was agile commitment[O14].

The company supports agile transformation in all teams [E16], even in non-software de-

velopment teams. They also have a technological environment to support agility. Also, they

have investments in training, and coaching, as P1 said:

"The company paid training to agile methods for five years. Maybe we don’t have

agile training with often frequency. Also, we have all infrastructure to agility. And

Rally too, that is not cheap." [P1]
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However, they do not believe that the company has agile priority characteristic since

the initiative was not top-down but bottom-up [E17]. The software development teams

started the agile transformation, and due to the positive results in the usage of agile, the top

management believed the paradigm shift. Participants feel the company is not an agile busi-

ness because not all teams in all projects use agile methods. As mentioned by Developer

P3:

"I get commitment, why change roles teams to give support to agility, so I do not

know if it is (...)This wasn’t top down, or it was a little top down. More bottom-up

transformation" [P3]

In this category, no challenges were extracted since there is no resistance in the

software development teams to adopt agile methods and there are also no isolated agile

initiatives in their company.

6.3.3 Discussion of Results from Company B

The results presented in the company B show that agility is present in categories:

practices learning, software product and team conduct (see in the Figure 6.8). In the dis-

closure features, the team achieves requirements quality. In the category Software Product,

all characteristics were reported by a team. Awareness of failures characteristic present in

software development situations which means that agility is not followed by a need to be,

thus they partially follow agility in this category. In Customer Relationship category the team

also somewhat support agility. The team has an internal customer who belongs on the confi-

dent team characteristic, following agility. But they also have an external customer who does

not know the team and does not know how the team develops their work, not reaching the

presence of agility. The last category of organizational support also does not include agility,

and the organization does not prioritize the agile development.

All categories results changed excepted software product. The discussion started

all results were aligned with the team. Some characteristics marked in the questionnaire, but

not agreed to one participant were discussed to reach a common sense of all. This indicates

an unanimous result.

About the focus group session, the main contributions and opinions come from the

participants P5 (Scrum Master), P7 (PO). Thus, the results may have been influenced by

them. At least one time during the study one of the participants contributed talking about the

subject, as seen in Table 6.6.

In the first category, agile learning the team tailor practices to their context. All

Scrum ceremonies are adopted. They have simple metrics and indicators that help junior
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(a) Focus Group Results. (b) Agile Compass Results. Agile
Compass Results. Source: Fontana et
al. (2015) [42]

Figure 6.8: Comparison between the focus group and the progressive outcome framework -
Company B

developers to adjust to the environment and understand the demands to be developed during

the sprint. This indicates that the team knows, understands and witnesses agility.

In the second category, participants reported the importance of scrum master as

part of the team, representing a curator. It helps the team follow agile methods, and he

contributes to preventing impediments. The scrum master is characterized as a project

manager, and as a curiosity, he does not have autonomy to define what will be done and

by whom will be performed. This result shows the need to have a scrum master in the

team to follow agility, which may mean a contradiction and dependency. Furthermore, there

was a contest of opinions between to performed activities already structured without the

involvement of the development team in building user stories or to use Planning Poker. The

team has the autonomy to choose the practices that best suit their profile. If there are

activities performed by one person, for example, the PO has to build the user stories and

developers and testers only ’implement’ and ’test,’ the team becomes responsive and not

assertive. However, if all participants said the team’s position as being assertive, our study

is not able to judge this result. Thus would require the authors do another empirical study, a

case study or ethnography to confirm the results. This will be assigned to the final work of

this Master Thesis 7.3.

In the deliveries pace category sprints do not change, and the team can develops

the estimated delivery time if not performed they are placed in the release. Tasks not com-

pleted at the end of the sprint are addressed to the release. But changing requirements

during the sprint are not well seen by the team. Participants were emphatic in saying that

they do not like to receive extra demands, and they do not have comfortable to change deliv-

eries during the sprint. This shows that the team does not accept changes during the work.
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However, to follow agile principles the team also needed to welcome changing requirements,

even late in development.

In the features disclosure category, PO defines the user stories aligning with stake-

holders and Internal Customers which will be held during the sprint. When sent to develop-

ers, they have autonomy to change the stories. But participants said that they rarely change

the requirements during the sprint, causing the non-integration of the activities by the whole

team. Thus, the definition and quality of the requirements are the POs responsibility. Also,

an external customer does not know the existence of the projects nor in how the process of

deliveries is performed.

Participants chose all the characteristics in the software product category. Thus,

even though they had a flawed automated test development process. There are efficient

code initiatives with the support of infrastructure and agile practices determined for code.

In the customer relationship category, there are two answers for the two types of

customers: internal and external customers. The internal customer projects stakeholders

who understand how they planned the deliveries process. External are end customers who

do not have contact with the team and do not know about the accomplishment of the project.

In the organizational support category, agile commitment was the feature most

prominently. Agile business could also have been a choice of the participants, but partic-

ipants disregarded it because the organization does not have manifested agile commitment

before the teams. Not being a top-down initiative. However, agile priority can also be con-

sidered, once the company also has a responsibility to make available all technology and

training to the teams better empower agile software development.

Answering the research questions (Q1 and Q2), we summarize the main results of

each category in Table 6.7. The evidence and challenges were drawn from the analysis with

the comments of all participants.

6.4 Threats to Validity

This study includes some limitations described next. To reduce the researcher’s

bias we sought a theoretical basis for better interpretation of results.

These two studies get reports of respondents about their perspectives, thoughts,

and conclusions. However, it is possible that the reports are not reliable with the activities

they perform. Because to be tacit respondents believe that facts are not relevant, or fail to

report certain information by some fear or to report the activities expected to be performed.

Thus, to mitigate this limitation we follow recommendations of Kotio et. al. (2008) [60], and

Krueger (1994) [63].
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Table 6.7: Results from the presence of agility - Company B

Agile Learning
Category

Evidence Challenge

[O1] Sensemaking of
work processes
[O2] Comprehension of
situation

[E1]Tailoring practices for
their needs.
[E2] The team have visibility
and simple metrics

[C1] In the past they have some
resistance of agile adoption

Team Conduct
Category

Evidence Challenge

[O3] Assertive Team

[E3] The team feels responsible
for the project.
[E4] The team have autonomy
to improve their work process.
[E5] The team promote practices
to create autonomy and
empowerment to the
team about their work.

[C2] Team is mature enough to
focus on just technical excellence

Deliveries Pace
Category

Evidence Challenge

[O4]Expected frequent
deliveries
[O5] Defined frequent
deliveries

[E6] Sometimes, the team needs
to address extra demands in
the sprint
[E7] The team plan their deliveries
and performed them on time
[E8] The sprint size do not change
[E9] Environment supports
automated
build and continuous integration
[E10] Tests are usually manual

[C3] To address extra demands in
the sprint
[C4] Layoffs of support people
and the decrease of the teams
[C5] The infrastructure
dependencies.

Feature Disclosure
Category

Evidence Challenge

[O6] Requirements discovery
[O7] Requirements quality

[E11] The team detail
requirements in the sprint.
[E12] PO, and intern customer
align requirements definition
to make sure the both expectations.

-

Software Product
Category

Evidence Challenge

[O8] Awareness of failures
[O9] High-level source code
[O10] High-level delivered
software
[O11] Efficient coding

[E13] The team has initiatives
and policies to guarantee the
quality code.

[C6] Lack of automated tests

Customer Relationship
Category

Evidence Challenge

[O12] Team awareness
of customer
[O13] Confident customer

[E14] The external customers, is
the end users who do not know
much about the project.
[E15] The team can meet the
customer’s expectations and needs.

[C7] The team does not know if
the expectations of the external
customers are reached

Organizational Support
Category

Evidence Challenge

[O14] Agile Commitment

[E16] The company supports agile
transformation in in all teams
[E17] Botton-up initiative of agile
transformation

-
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To ensure that data analysis, we used grounded theory proposed by Strauss, and

Corbin (1990) [113] to classify the data, following the cyclic process of collecting, analysis,

and reflection.

6.5 Chapter Summary

This chapter presented results from two focus group session in two different LSAD

companies. The focus of this study was to investigate the presence of agility in large-scale

agile teams. We conducted two studies in different scenarios in which they brought two dif-

ferent results on the agility perspective. The first large-scale agile team has less agility in

comparison the second one team. The first team is in the early stages of agility. And the

second team is more mature in agile, as they have achieved more that half of the character-

istics. These results mean that large-scale agile teams can not be generalized according to

their agility. Depending on the context and the maturity of the team, we can identify different

results on the presence of agility.



113

7. FINAL CONSIDERATIONS

This chapter summarizes the research presented in this Master Thesis and presents

suggestions and directions for future work. The chapter begins with a review of the research

objectives while addressing the research question in Section 7.1. Section 7.2 describes the

research limitations of the study. The chapter ends with some suggestions for future work in

Section 7.3. Figure 7.1 summarizes how we developed our work and presented throughout

the Master Thesis.

Figure 7.1: Master Thesis summary

7.1 Review of the Research Objectives

From 2001 [96] to 2016 [29], the LSAD term has been published under the condi-

tion of large settings adopting agile methods. However, this growing adoption requires more

empirical research to investigate the current gaps [29]. Approaching the research problem

of Reifer, Maurer and Erdogmus (2003) [96] this Master Thesis addressed the research

question: "To what extent is agility present in large-scale agile software development?" An-



114

swered by characterizing agility in LSAD and aiming to identify whether agility is present in

large-scale settings.

Thus, the research methodology followed in this study (see Chapter 3) contributed

to achieving the research objectives and to answer our research question. First, through

an systematic mapping review of the literature (Study 1), after the analysis of a field study

(Study 2) and a focus group study (Study 3), publications, and partnerships. This Mas-

ter Thesis contributes to the agile software development research area, providing a better

understanding of LSAD and identifying the presence of agility in this scenario.

In order to achieve our goal, the following objectives were defined as described in

Section 1.1:

• (Obj1). To identify the state-of-art of LSAD in literature. (Study 1).

• (Obj2). To empirically identify how a large-scale agile company goes through the trans-

formation of becoming agile. (Study 2).

• (Obj3). To empirically identify whether agility is present in large-scale agile teams and

the challenges faced by such teams to be agile in such setting (Study 3).

The Theoretical Foundation presented in Chapter 2 has provided the theoretical

knowledge about agile software development, agility, and LSAD concepts. The concepts

presented in this chapter contributed to guiding further investigation on the systematic liter-

ature review on LSAD. Furthermore, these results contributed to defining the three methods

followed in this research.

To achieve the Obj1 we conducted a systematic mapping review in LSAD (Study 1).

The systematic mapping study presented in Chapter 4 identified (1) what are the definitions

for LSAD, (2) in which settings LSAD takes place (agile practices adopted, project sizes,

team sizes, enterprise backround, etc), and (3) which are the challenges faced by agile

teams in such settings.

To achieve Obj2 we conducted a field study (Study 2). The field study presented

in Chapter 5 allowed to identify how a large-scale agile company goes through the transfor-

mation to become agile. We found five reasons for adopting agile software development, six

major strategies were taken, and nine concerns about scaling agile were identified from this

study. This study ws a significant contribution to this research.

To achieve Obj3 we conducted a focus group study (Study 3). The focus group

study presented in Chapter 6 contributed to identifying whether agility is achieved in LSAD

teams. This study allowed identifying the presence of agility in LSAD teams and the chal-

lenges faced by them.
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7.2 Research Limitations

The main threats to the validity of this research are related to the methodological

process. Each research method adopted in this Master Thesis followed recommendations

from the literature. To ensure the efficacy of this research we systematically executed the

research methods using formals protocols to guide each research method adopted in this

Master Thesis. Also, we had two others researchers to review the process.

We adopted a systematic mapping review method to get the state-of-art of the

LSAD area. As a systematic mapping review, threats to the validity of the process such

as study selection, inaccuracy in data extraction, incorrect classification of studies, research

methods and types and potential author bias must be considered. To reduce author’s bias, at

least two researchers reviewed the systematic mapping review protocol and results obtained

in this study. In a case of disagreement between reviewers. Disagreements were reviewed

until a consensus is achieved.

We performed only one field study in this research. However, the company case

is a large company with complex-globally distributed projects. All participants are managers

at this company and are either a member of the CIO Committee board, a director or a

development manager.

We also adopted a Focus Group Study. During the sessions, some participants

may restrain or be concerned about confidentiality. Thus, there is also a possibility that

the results can be influenced by personal reasons creating an inaccurate view or making

the output biased. Peculiarities and threats to the validity of each research methods were

presented in detail previously in Sections 4.3.2, 5.3.2, and 6.4.

To minimize other threats, the research proposal and its preliminary results were

presented in workshops and submitted to conferences. The proposal was presented in The

Second Latin-American School of Software Engineering (ELA-ES) (as Best Poster Award),

and Amazon Advanced School on Software Quality (AASSQ) (as a poster). Initial results

were submitted to the WBMA (Brazilian Workshop on Agile Methods) (Appendix 4).

We gain much knowledge from both research visits (field study and focus group

sessions) and conferences. This experience contributed to improving all steps from this

research, getting a better understanding of results, gaps in the research, and propose the

characterization of agility in LSAD.

7.3 Future Work

This Master Thesis presents contributions to the literature previously mentioned

in Section 1.2. Since this work addresses the characterization of the presence of agility



116

in LSAD, several topics have emerged from this research work that needs to be examined

further. Based on these results, next we describe directions for future work:

• The need to develop an empirically based terminology and taxonomy for the key con-

cepts in LSAD. This contributes for future researchers, who will publish further empiri-

cal work and practitioners, who are interested in published empirical cases;

• To extend the focus group study with other software agile teams with the same project,

product, Company or also in different Companies. In different contexts and beyond the

IT industry;

• To empirically measure how the benefits of agility impact on teams and LSAD projects;

• To empirically measure new challenges and concerns about the adoption of LSAD;

• To empirically identify the applicability of Scaling Agile Practices;

• Partnering with large technology Companies that adopt agile and research groups that

have contact with these Companies to carry out other empirical studies on this topic;

• To extend the Progressive Outcomes Framework to supplement the mechanisms it

points out to support large-scale agile teams to evolve.
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