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Course of Study: Management and Technology

Author: Katharina Kusche

Submission Date: 05.06.2020





Master’s Thesis
for the Attainment of the Degree Master of Science

at the TUM School of Management
of the Technical University of Munich

Investigating Large-Scale Agile Transformation
Approaches: A Multiple-Case Study

Untersuchung von Ansätzen zur Durchführung von großen agilen
Transformationen: Fallstudien mehrerer Unternehmen

Examiner: Prof. Dr. Florian Matthes
Software Engineering for Business Information Systems

Person in Support: Ömer Uludağ, M. Sc.
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Abstract

With the advent of the digital era and the resulting volatile market environments, traditional
companies face several challenges. These include shorter time-to-market cycles, continu-
ously changing customer needs, and new technological advances. Enterprise agility is a
popular concept for coping with these uncertain market environments and is, therefore,
a key factor for the success of companies. Thus, enterprise agility enables companies to
recognize and react quickly to environmental changes. The use of innovative and agile
methods is one way of tackling these problems and requirements. Although the use of
agile practices was initially designed for projects with small, single, co-located teams, there
is a discernible trend that an increasing number of large traditional companies are taking
advantage of agile development. Accordingly, in-the-large adoption of agile practices
often leads to challenges and problems, such as cross-team coordination or communication.
Moreover, the widespread adoption of agile practices and methods often forces traditional
companies to undertake a large-scale agile transformation.

Although there are already several publications that describe challenges and success
factors that companies face in large-scale agile transformations, research in the field of
large-scale agile transformation processes and related coaching and training approaches,
as well as enterprise agility as a whole, is still scarce. Therefore, it is essential to continue
the research to obtain comprehensive insights and thereby create a profound and holistic
understanding that is of great interest to researchers and practitioners alike. Consequently,
this thesis aims to contribute to this field of research employing a multi-case study of
large-scale agile transformations in six large traditional enterprises from various industries.
Therefore, an in-depth analysis of transformation approaches to implementing and adopting
agile practices is conducted. The thesis’s findings comprise three parts: First, the motivators
that induce organizations to opt for large-scale transformations are examined. In the
second part, the transformation processes and thus, the implementation approaches of the
respective companies are analyzed. Finally, the impacts on the work system, as well as
challenges and success factors in the context of agile change, are determined.
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Outline of the Thesis

CHAPTER 1: INTRODUCTION

The first chapter looks at the thesis’ motivation with regards to the state of the current
research and practice. Additionally, the objectives, as well as the research approach to
achieve these, are described.

CHAPTER 2: FOUNDATIONS

The second chapter describes all relevant terms and concepts essential for the comprehen-
sion of the thesis. In the context of change management, the socio-technical systems theory
is explained. Furthermore, an overview of agile development and large-scale agile devel-
opment is given, and distinction to large-scale development is made. Finally, large-scale
transformation strategies are derived.

CHAPTER 3: RELATED WORK

Chapter 3 reviews the literature on large-scale agile transformation processes and the
resulting challenges, success factors, and consequences of introducing agile practices in
organizations.

CHAPTER 4: CASE STUDY

The embedded multiple-case study that was conducted in the thesis is presented. First, the
case study procedure is described, followed by an introduction to the large-scale agile trans-
formations of the respective case organizations. In the next steps, the impacts, challenges,
and success factors are derived.

CHAPTER 5: DISCUSSION

The discussion chapter presents the main results of the thesis and discusses its limitations.

CHAPTER 6: CONCLUSION

The last chapter gives a summary of the results and refers to approaches for potential future
work.
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1. Introduction

This chapter describes the rationale for research in large-scale agile transformation processes
and approaches (see Section 1.1). Section 1.2 presents the objectives and particular research
questions of this master's thesis. Subsequently, the research approach building the basis of
this thesis is described in Section 1.3.

1.1. Motivation

In times of digital transformations, traditional companies are faced with several challenges.
Volatile market environments require new innovative processes and business models.
These are due to continually changing customer needs, severe time-to-market pressures,
and the continuous emergence of new advances in information technology (IT) [12, 43].
Organizational agility is a popular concept used to cope with these uncertain market
environments and is, therefore, an essential factor for companies' success. Organizational
agility enables companies "to sense environmental change and respond readily" [48]. By
using innovative, agile methods, it is possible to achieve a higher success rate in software
development, improve the quality and speed of market introduction, and increase the
motivation and productivity of IT teams [54]. One of the best-known methods is the
introduction of Scrum [64] or Extreme Programming (XP) [73]. According to the State of
Agile survey 2019 [73], 97% of all respondents stated that they practice agile development
methods within their enterprises [73]. With 1,319 respondents from companies of different
sizes, geographical locations, and industries, the study offers a comprehensive insight into
the current market situation [73].

However, agile methods were initially designed for small, individual, co-located teams
[13]. Nevertheless, large enterprises are increasingly interested in applying agile practices
due to proven success stories. Even though implementation in large projects is much
more dif�cult, there is a growing tendency for large organizations to opt for agility [56].
This is revealed in the State of Agile survey 2019 [73], in which 28% of the respondents
worked in companies with more than 20,000 employees, compared to 26% in 2017 [72,
73]. Furthermore, the widespread adoption of agile practices often makes it essential for
traditional companies to undergo a large-scale agile transformation [20, 28]. One reason
for this is that these practices present many challenges in large-scale environments, as the
complex socio-technical interdependencies increase with the size of the organization [19, 28,
56].

Nonetheless, the process of a large-scale agile transformation is not paltry and is associ-
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1. Introduction

ated with signi�cant management challenges and consequences for the entire organization
[27]. These challenges include the lack of �exibility, as well as coordination and com-
munication problems [19]. To overcome these dif�culties, consultants and practitioners
propose agile scaling frameworks, such as Scaled Agile Framework (SAFe) [59], Large-Scale
Scrum (LeSS) [36], or the Spotify Model [35]. These are designed to support companies in
introducing agile practices. One shortcoming, however, is the neglect of company speci�cs
[33].

Furthermore, there is little evidence of success or advice from software engineering re-
search [19, 53]. This lack of studies on large software development organizations using agile
methods is illustrated by the systematic literature research of Dikert et al. 2016 [20]. They
identi�ed only 10% of all papers as scienti�c studies on large-scale agile transformations
[20]. Although the empirical literature describes challenges and success factors in the imple-
mentation of large-scale transformations [19, 20, 28, 70], there are only a few relevant studies
available that describe the large-scale agile transformation process and provide insights
into the coaching and training approach, as well as the impacts of enterprise agility as a
whole [27, 28, 49]. Furthermore, there are almost no insights concerning the large-scale agile
transformation approaches of companies, i.e., how companies proceed when implementing
agile practices and methods. Thus, the available literature only sparsely describes two
polarized large-scale agile transformation approaches as a one-time big bang transfer [26] or
a step-by-step approach with pilot projects [27, 49]. Against this backdrop, we are pursuing
the call for further research in the �eld of large-scale agile transformation processes [20, 27,
49]

The present master's thesis attempts to �ll this gap by providing an embedded multiple-
case study of large-scale agile transformation processes, focusing on the respective ap-
proaches and procedures of agile changes in six leading companies from various industries.
The aim of the thesis is thus twofold: on the one hand, to contribute to empirical research
and, on the other hand, to provide insights for practitioners.

1.2. Objectives

Based on the motivation of this research, we have developed speci�c objectives to provide
a more in-depth and well-founded insight into large-scale agile transformation processes.
Thus, the following �ve research questions (RQ) are examined in this thesis:

Research question 1: What are reasons for large organizations to undergo agile
transformations?

As already mentioned, literature and practice indicate that an increasing number of large
companies are adopting agile methods, which, depending on their scope, can lead to a
large-scale agile transformation. However, there is little information about what their
rationales and intended goals are. Therefore, the �rst research question deals with the
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1.3. Research approach

drivers and triggers as well as the objectives for such an agile transformation.

Research question 2: What transformation approaches exist to perform large-
scale agile transformations?

The second research question aims to analyze the large-scale agile transformations and to
identify the underlying approaches. Accordingly, we analyze the transformation processes
of the individual enterprises in the �rst step to gain insights into the process. In the second
step, we derive the transformation approaches applied by the respective companies. In the
last step, we draw a comparison of the large-scale agile transformation processes based on
the previous steps.

Research question 3: What consequences do organizations face?

The third research question intends to illustrate the changes and, thus, the consequences on
a company's work system caused by a large-scale agile transformation. Therefore, the aim
is to identify the implications of introducing agile practices in the �rst step and cluster them
in the second step. The analysis is built on the socio-technical systems (STS) theory [15, 16,
38]. According to this theory, the clustering is based on four components: management and
organizational structures, people, work structures and processes, and technology.

Research question 4: What challenges are associated with large-scale agile trans-
formations?

To provide a holistic picture of large-scale agile transformations, we examine the challenges
that companies are facing in the fourth question. This contributes to con�rming and extend-
ing the list of problems already identi�ed in literature [19, 20, 30, 49, 70, 73].

Research question 5: What success factors are associated with large-scale agile
transformations?

In contrast to RQ4, this �fths research question examines the most critical success factors
that companies see in the course of a large-scale agile transformation. This con�rms and
expands the �ndings in literature [19, 20, 30, 73].

1.3. Research approach

This thesis's approach comprises two parts: a literature review and a case study (see
Figure 1.1). This ensures both the accuracy and relevance of the research. The literature
review aims to identify, on the one hand, general transformation approaches in the �eld of
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1. Introduction

Figure 1.1.: Overview of research approach

information systems (IS) and, on the other hand, large-scale agile transformation processes,
especially those exploring the adaptation approach of agile practices and methods. This
provides the basis for answering RQ2. We apply the procedure described by vom Brocke et
al. [17] for structured literature research in the �eld of IS, consisting of four phases. The
�rst phase includes the scope de�nition of the study and the research questions. In the
second step, relevant search terms are de�ned based on concept mapping. These include
transformation approach/strategy, (large-scale) agile transformation (approaches/strategies), large-
scale agile implementation/adoption approach/strategy, scaled agile approach/strategy, and are then
used in the third phase, the literature search. The databases EBSCOhost, Sciencedirect, IEEE
Explore, SpringerLink, Semantic Scholar, Scopus, and Google Scholar, are used to search for
relevant articles, books, and white papers on the corresponding topics. In the fourth and
last phase, the results are systematically evaluated.

In the second step, we conducted a case study to investigate large-scale agile transforma-
tion processes, which are the cornerstones of our research. According to the classi�cation of
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1.3. Research approach

Yin [76], the present case study is an embedded multiple-case study. This research method-
ology examines contemporary phenomena in their natural context [58], and therefore, it
is an appropriate research method. Moreover, it enables us to generate information and
data that help us to address the goals and research questions formulated in Section 1.2. Our
explorative multi-case study follows the layout, according to Runenson and Höst [58], as
their methodology and guidelines are designed for research in software engineering. A
detailed description of the case-study approach is given in Section 4.1.

The structure of the master's thesis is as follows. Chapter 2 explains the concept of
socio-technical systems theory in the context of change management. Additionally, key
terminologies and essential concepts are introduced and discussed, such as agile and large-
scale agile development, with possible established agile methods, and the distinction to
large-scale agile transformations. Furthermore, various large-scale agile transformation ap-
proaches are described; they are based on the analogy of the strategies for IS implementing
IS strategies. Chapter 3 draws connections to related research. In Chapter 4, the embedded
multiple-case study on large-scale agile transformation approaches and resulting conse-
quences, as well as challenges and success factors, are described. Subsequently, Chapter 5
highlights the key �ndings and limitations. Chapter 6 closes the thesis with a summary of
results and an outlook for future research.
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2. Foundations

In this chapter, key terminologies and basic concepts are explained and de�ned to provide
an understanding of the remaining parts of the thesis. First, a short introduction to change
management, and in this context to STS theory is given (see Section 2.1). After that, the
concepts and principles of classical agile development are introduced (see Section 2.2).
Followed by a description of the large-scale agile development that has evolved from it,
and known relevant frameworks in this context are outlined (see Section 2.3). Finally, the
large-scale agile transformation, which will take a signi�cant role in this paper, will be
discussed. Therefore, a distinction to large-scale development is drawn. Based on the
analogy of implementation strategies of large information systems within organizations,
large-scale agile transformation approaches are described (see Section 2.4).

2.1. Change management

2.1.1. De�nition

Modular and company-wide transformations are characteristics according to which organi-
zational change can be classi�ed as [18]. Large-scale agile transformations show consider-
able correspondence with these transformations. Since these transformations also involve
changes at the departmental, divisional, or enterprise-wide level. The latter may even be
characterized by a shift in the business strategy [24, 67]. Examples of such changes may
include "reorganization, revision of interaction patterns, reformed organizational mission,
and core values, and altered power and status" [24]. Therefore, a large-scale agile trans-
formation can be seen as a change management process in an organization's information
systems. Moreover, large-scale agile transformations can be considered as "a particular type
of organizational change" [46]. According to Moran and Brightman's [47] de�nition, change
management is [47]:

"[...] the process of continually renewing an organization's direction, structure, and
capabilities to serve the ever-changing needs of external and internal customers. Mas-
tering strategies for managing change is more important today since the rate of change
is greater than at any time in history."

Due to rapid entrepreneurial growth, many companies are confronted with the need to
manage changes that this entails. However, about 70% of all change initiatives, such as
the introduction of new technologies, downsizing, restructuring, or attempts to change the
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2. Foundations

corporate culture, end up in failure, which illustrates the dif�culty that companies are faced
with [11].

The most important aim is to maintain focus and understand the nature and process of
change much better. Basically, two types of changes can be distinguished:

• E change, which is a reactive approach that emphasizes economic value. It increases
yields by providing economic incentives, radical redundancies, and restructuring. It
can be seen as "crisis change", and

• O change, which is a proactive approach that emphasizes the development of business
culture and personal skills, acquiescently encouraging trust and emotional attachment
to the enterprise through collaboration and communication. It can be seen as a "chosen
change".

It is essential to have a strategy while planning change, be it crisis-driven or decision-
driven. Often a combination of both strategies is chosen, which is very challenging, as
both procedures are very different [11, 52]. Additionally, several factors are crucial for a
successful change in a company: support from top management, a correct vision, open
communication, persuading and reaching a critical mass, quick wins and short-term goals,
and taking responsibility [32, 50].

2.1.2. Socio-technical systems theory

From a socio-technical perspective, enterprises are regarded as organizational work systems
[15, 16, 38]. The socio-technical systems approach is introduced as a realistic view of orga-
nizations and as a framework for successfully realizing organizational change, especially
concerning design and modi�cation of information systems [5, 16]. A work system consists
of two independent but interrelated systems, a technicalsubsystem and asocialsubsystem
(see Figure 2.1).

The technical subsystem is made up of the dimensions technologyand task. Task refers to
"industrial organizations raison d' être: the production of goods and services, including the
large numbers of different but operationally meaningful subtasks that may exist in complex
organizations" [38]. Whereas, technology refers to "direct problem-solving techniques or
computers [. . . ]" [38], including both, machines and programs. Therefore, the technical
part of the approach addresses development tools and technical platforms, as well as
organizational and work processes [14, 42].

The social subsystem is made up of the dimensions actorand structure. Accordingly, the
�rst component actor is related to the relationships between people and their characteristics,
such as mindsets, abilities, and values [16]. Conversely, structure is concerned with "systems
of communications, systems of authority (or other roles), and systems of work �ow"
[38]. Thus, the social part of the approach deals with both the project organization and
institutional arrangements as well as with the individuals acting, e.g., users, managers, etc.,
in the work system [14, 42].

8



2.2. Agile development

Figure 2.1.: The socio-technical model [16, 38]

As the arrow links illustrate in Figure 2.1, the four dimensions are highly interdependent
and correlated with each other, so that changing one of the four levels usually results in
changing one of the others to compensate this [38]. Thus, the intended results can only be
achieved if these interdependencies are explicitly addressed and taken into account [14].
The crucial issue is to organize the tasks in such a manner that the two subsystems achieve
a positive result, called "joint optimization", to avoid degradation in system performance
and system utility [5].

In many management practices and research, the use of the socio-technical model as a
guideline for implementing organizational change and improvement has a long history
[5]. Moreover, it is appropriate to use the socio-technical systems theory as the underlying
research objective, as it allows a holistic view of organizational change. By applying this
theory, we are able to identify and cluster the observed consequences of the introduction of
agile practices with the four dimensions of a working system and thus to the enterprise (see
Section 4.6).

2.2. Agile development

2.2.1. Principles and values

"Agility is the ability to both create and respond to change in order to pro�t in a turbulent
business environment" [29]. Moreover, it is a broad term and has become increasingly
important over the last two decades [1]. In the �eld of software development, in particular,
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2. Foundations

a movement towards the increased adaptation of agile methods can be observed. Hence,
more and more methods and practices evolving in the �eld of software development
embrace higher change rates instead of rejecting them, as it is common in plan-oriented
approaches [74]. However, agile software development is more about understanding than
just applying agile methods. This is why 17 software developers, who designed many of
the agile development methods, created and published the Agile Manifesto [10] in 2001. It
comprises four values and twelve principles and laid the theoretical foundation for agile
development [10]. The four values are as follows [10]:

"Individuals and interactions over processes and tools."

"Working software over comprehensive documentation."

"Customer collaboration over contract negotiation."

"Responding to change over following a plan."

The values are structured in such a way that although the segment on the right is essential,
it is valued lower than the segment on the left. Thus, in each statement, the �rst part of
the sentence indicates a preference, while the second part describes a lower priority issue.
Nevertheless, the right side, i.e., tools, procedures, documentation, or contracts, cannot be
neglected entirely. This distinction is the core of agility, but asking people to list what is
valuable does not lead to signi�cant differences. Therefore, it is not a "silver bullet" theory,
but more an approach to help people with the use of agile practices [29]. In addition to this,
the authors of the Agile Manifesto de�ned the following twelve principles that support
these four statements [10]:

1. "Our highest priority is to satisfy the customer through early and continuous delivery
of valuable software."

2. "Welcome changing requirements, even late in development. Agile processes harness
change for the customer's competitive advantage."

3. "Deliver working software frequently, from a couple of weeks to a couple of months,
with a preference to the shorter timescale."

4. "Business people and developers must work together daily throughout the project."

5. "Build projects around motivated individuals. Give them the environment and sup-
port they need and trust them to get the job done.

6. "The most ef�cient and effective method of conveying information to and within a
development team is face-to-face conversation."

7. "Working software is the primary measure of progress."

10



2.2. Agile development

8. "Agile processes promote sustainable development. The sponsors, developers, and
users should be able to maintain a constant pace inde�nitely."

9. "Continuous attention to technical excellence and good design enhances agility."

10. "Simplicity – the art of maximizing the amount of work not done – is essential."

11. "The best architectures, requirements, and designs emerge from self-organizing
teams."

12. "At regular intervals, the team re�ects on how to become more effective, then tunes
and adjusts its behavior accordingly."

The Agile Manifesto focuses on "continuously delivering working software while allow-
ing for and supporting changing requirements" [39]. Bene�ts derived through adopting
agile working methods are, for instance, an increase in productivity, quality, and job satis-
faction, as well as faster time-to-market [39]. However, it is essential to understand that
agility is a journey and that the right mindset is almost more vital to success than the
mere implementation of agile tools, practices, or principles; these are primarily intended
to facilitate and support this process [44]. Therefore, the values and principles are mainly
focused on people and their mindsets as well as on customer satisfaction since these factors
contribute signi�cantly to the success of projects [61]. Based on the agile values, principles
and practices, the agile methods are build upon and assemble the underlying principles
[61]. These agile methods are commonly lightweight processes that actively involve users
to create, prioritize and verify requirements, use short iterative cycles, and rely on the tacit
knowledge of a team as opposed to documentation [13].

2.2.2. Scrum

One of the most popular agile frameworks is Scrum; according to the VersionOne survey
2019, 72% of the respondents stated they practice Scrum or a hybrid that includes Scrum
[73]. Scrum was developed by Ken Schwaber and Jeff Sutherland and presented at the
OOPSLA Conference for the �rst time in 1995. Together, they run the Scrum Guide [65],
a manual that is public and continuously updated. According to this, Scrum is de�ned
as "a framework within which people can address complex adaptive problems, while
productively and creatively delivering products of the highest possible value" [65]. This is
illustrated in Figure 2.2.

The Scrum framework is based on several fundamental principles, values, and practices.
The three main cornerstones are transparency, inspection, and adaptation [65]. This clari�es
that Scrum is not a standardized process to be followed step-by-step, but rather a framework
in which the development teams decide what they do and how they obtain the result [75].
The practices of Scrum are anchored in speci�c roles, activities, artifacts, and corresponding
rules. These principles link the roles, events, and artifacts and regulate the connections and
interactions between them [65].
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2. Foundations

Figure 2.2.: Scrum framework [66]

The three artifacts are the product backlog, the sprint backlog, and the increment. The
product backlog lists all features, functions, requirements, enhancements, and corrections
that represent the changes made to the product in future versions [65]. Additionally, the
product backlog is valid for the duration of the entire project. In contrast, the sprint backlog
only exists for one sprint [62]. Furthermore, the sprint backlog consists of the product
backlog items and a plan for the delivery of the product increment and the realization of the
sprint goal[65]. It is the result of all sprint backlog items completed in the current sprint and
the value of the increments of all previous sprints. It must always be ensured that a useful
version of the working product is available in every phase and at any time. Hence, the
daily sprint is vital to aid the development team in coping with the rapid, �exible work�ow
within a sprint [57].

The scrum teamconsists of three essential roles for the Scrum framework: the product
owner, the scrum master, and the development team. Ideally, the Scrum framework consists of
three to nine developers. Several scrum teams can exist within a scrum team development
environment; it is also possible to introduce additional roles, but these are not essential [57].
The product owner is responsible for representing everyone's concerns and for managing
the product backlog, i.e., that the most valuable functionality is �rst produced and then
built upon [62]. The scrum master is accountable for the scrum process, for ensuring that
the agile values and principles are lived and that everyone obeys the rules and practices of
Scrum [57, 62]. The development team is responsible for completing the increment within a
sprint. The development teams are self-managing, self-organizing, and cross-functional,
so they are in charge of determining how the product backlog can be transformed into an
increment within an iteration [62].

"The heart of Scrum lies in the iteration" [62]. This iteration is called sprint, which is
time-boxed and usually lasts a maximum of one month. Each of the sprints is initiated by a
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sprint planning, which lasts at most eight hours and aims to determine a plan with the work
to be done for the next sprint. The plan, the so-called sprint backlog, is created collaboratively
by the scrum team and based on the product backlog [62, 65]. Additionally, every morning
during the sprint cycle, there are daily scrums, which is an inspect-and-adapt activity and
lasts a maximum of 15 minutes. The schedule is based on three questions that each team
member requests: What has been achieved in the last 24 hours? What are the goals until the
next daily? Are there are any obstacles? [62, 65]. At the end of a sprint, the sprint reviewand
sprint retrospective, both informal meetings, are held. The sprint review is used to inspect the
sprint goal or the increment. The scrum team also receives feedback from customers and
stakeholders. The results are product improvements, such as new or changed requirements
in the form of product backlog entries. The time frame is set to a maximum of four hours
[65, 75]. In contrast, the sprint retrospective, led by the scrum master, analyzes the sprint
and the teamwork itself. The result is improvement measures for the process, which are
implemented during the next sprint [62, 75]. The sprint retrospective lasts at most three
hours and takes place after the sprint review and before the next sprint planning [65].

2.3. Large-scale agile development

The application of agile methods and practices was initially developed for small, self-
organizing, and co-located teams [1, 13, 21]. Nevertheless, due to several proven success
stories, large companies are increasingly interested in the implementation of agile methods.
However, the application in large-scale projects is much more complicated, and in the
majority of cases, does not run seamlessly [13, 21]. Thus, companies are often confronted
with challenges and problems, such as cross-team coordination and communication [19,
28].

Although the empirical literature already addresses issues such as challenges and success
factors in the large-scale agile development, there is a lack of a consistent understanding
of the interpretation and terminology of large-scale agility [21, 56]. However, this is of
enormous relevance and indispensable for further research in this �eld [51]. There are
already several approaches by researchers describing agility on a large scale, most of which
address size metrics such as the number of developers, team size, line of codes, or project
budget [20, 21]. Dikert et al. [20], for example, de�ne large-scale agile development as
a project size that comprises at least six teams and more than 50 people. Based on these
�ndings and to counteract the de�nition issue, Dingsøyr et al. [21] proposes a taxonomy that
de�nes large-scalein terms of agility as two to nine teams, with each team comprising seven
plus/minus two people. Additionally, they describe projects with ten or more teams as
very large-scale. The distinction of the de�nitions depends on the extent of the additionally
required coordination of the teams [21]. A different interpretation of large-scale agile
development found in the literature is based on the project scope, i.e., how far-reaching
the application of agile practices and methods is in the enterprise [23, 27, 51]. Fuchs et
al. [27] de�ne the levels as follows: "a) the use of agile methods in large �rms, b) the
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application of agile methods in large projects or large teams, c) the usage of agile methods
in large multi-team settings, and d) the employment of agile practices and principles in
�rms as a whole" [27]. In sum, our understanding of agile development on a large scale
is the application of agile methods and practices in a business environment that involves
large projects or teams, multi-team settings, or the entire enterprise and at least six teams
consisting of 50 or more people.

2.3.1. Scaled Agile Framework – SAFe

The Scaled Agile Framework (SAFe) is the most commonly used scaling framework and
is mainly based on the approaches of agile development, lean product development, an
systems thinking [73]. It was released in 2011 by Dean Lef�ngwell and is by currently
version 5.0. The framework offers several con�gurations, including Essential SAFe, Portfolio
SAFe, Large Solution SAFe, and Full SAFe. These differ in the scaling factor, i.e., the
planned scope of the implementation of agile practices. Most of the con�gurations build
on each other, which allows an individual adaptation of the framework to the needs of the
enterprise [39]. The choice of setting is usually based on the number of employees or teams
and can range from 50 to several thousand people. SAFe Essential is the starting point for
implementing agile practices on a large scale and forms the basis for all other con�gurations.
In contrast, Full SAFe is the most comprehensive and includes all the different setups (see
Figure 2.3) [39].

The con�gurations also differ in the composition of various organizational levels, namely
team, program, large solution, and portfolio level. Each layer integrates agile and lean
practices, manages its activities, and is coordinated with the other layers. The team level,
the basis, is composed of individual agile teams, consisting of a scrum master, product
owner, and the development team, similar to the Scrum framework. If required, additional
company-speci�c roles can be added [39]. However, compared to Scrum, the iteration
cadence ('sprint'), only takes two weeks. The teams' applied agile practices are primarily
based on Kanban, Extreme Programming, or Scrum to improve performance [59]. The
Essential SAFe is made up of the program level, team level, and foundation layer. Moreover,
the team layer and the program layer together form the agile release train (ART). Each
ART is linked to a particular value stream, representing the intended objective. The ART
generally consists of �ve to twelve teams that develop and deliver incremental cadence-
based solutions within a program increment (PI). The PI cadence lasts between eight and
twelve weeks [39]. The goal is to create a shared vision and mission within the ART [59].
Further roles such as theproduct managementor release train engineer (RTE)are introduced.
The former works together with the PO's and is not only responsible for implementing
the customer requirements in the program backlogbut also for prioritizing features within
an ART. The RTE facilitates the processes within an ART and is the chief scrum master.
Moreover, they are responsible for minimizing obstacles, balancing risk, and promote
continuous improvement. The Portfolio SAFe con�guration has an additional fourth level,
namely the portfolio level. This forms the top level and corresponds directly with the
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Figure 2.3.: Big picture of portfolio level SAFe (Full SAFe) [60]

program level or, if available, with the large solution level. The portfolio level differs from
the other levels in that its function is also to align the corporate strategy with the execution
of the portfolio. This is done by coordinating and optimizing one or more value streams.
Additionally, this level manages investment intentions with budget and targets ( epics). The
epics and visions are then forwarded to the program level, where they are broken down and
scheduled on the corresponding ARTs. Another optional level is the large solution layer.
This is part of the Large Solution SAFe con�guration and is comes between the program
and portfolio level. However, it is usually only required for the development of extremely
large and complex systems without taking the portfolio level into account. The Full SAFe
con�guration includes all levels (team, program, large solution, and portfolio) and the
foundation layer [39]. This is the most sophisticated version and used primarily for the
development of integrated solutions with multiple products and thousands of employees
[59].

The SAFe framework is also anchored in speci�c values and principles. The four core
values are code quality, alignment, program execution, and transparency[44]. These values are
supported by the following ten principles [39]:

1. "Take an economic view"
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2. "Apply systems thinking"

3. "Assume variability; preserve options"

4. "Build incrementally with fast, integrated learning cycles"

5. "Base milestones on objective evaluation of working systems"

6. "Visualize and limit WIP, reduce batch sizes, and manage queue lengths"

7. "Apply cadence, synchronize with cross-domain planning"

8. "Unlock the intrinsic motivation of knowledge workers"

9. "Decentralize decision-making"

10. "Organize around value"

2.3.2. Large-Scale Scrum – LeSS

The Large-Scale Scrum (LeSS) was published by Larman and Vodde [36] in 2008 and
includes two scrum-based frameworks: LeSSand LeSS Huge. These differ mainly in the
number of teams; LeSS consists of two to eight teams, while LeSS Huge consists of at
least eight teams, and coordinates several thousand people [36]. Accordingly, the authors
generally de�ne them as follows: "LeSS is Scrum, applied to many teams working together
on a product" [36]. However, both frameworks have some standard features, such as only
one product owner, one product backlog, and one increment [36]. The transition from
Scrum to LeSS attempts to solve the problem of global end-to-end focus by shifting the
teams' attention to the whole product and not just to their task [37]. Therefore, it is designed
for cross-component, end-to-end feature teams.

LeSS:The main difference between LeSS and the Scrum framework is the coordination
and planning of sprint meetings [37]. Accordingly, sprint planning is divided into sprint
planning oneand sprint planning two. The �rst is the same for all teams; the product owner,
and either team representatives or the entire team are participating. During the meeting,
the product backlog items to be completed by the next sprint are collectively assigned
to the teams. However, sprint planning two is implemented separately for each team.
Alternatively, multiple teams can perform the multi-team sprint planning twoif their items are
closely coordinated [36]. At the end of the sprint, is a sprint review and a team retrospective,
similar to Scrum. New in LeSS, however, is the overall retrospectivein which the PO, the
scrum master, and the team representative participate [36]. Furthermore, the sprint review
differs slightly from the Scrum approach as it is a single meeting for all agile teams. Another
decisive factor in the LeSS framework is that the teams are feature teams, i.e., "true cross-
functional and cross-component full-stack teams" [36], consisting of three to nine people.
The roles, artifacts, and meetings relevant for the LeSS framework are depicted in Figure
2.4.
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Figure 2.4.: Large-Scale Scrum by [6]

LeSS Huge: Basically, all LeSS rules also apply to LeSS Huge, unless otherwise stated,
i.e., there are still sprint synchronizations and a common product backlog. However, a
signi�cant difference is the introduction of scaling elements to allow for proper coordination
despite a large number of developers. This is realized by a third hierarchical level called the
requirement area (RA)[36]. The RAs are usually divided around "main areas of customer
concerns" [36]. In addition to this, a new role is introduced, the area product owner (APO)
responsible for both the area backlogand the associated RA. Four to eight area feature teams
are also assigned to the APO. This resembles a "small" LeSS framework. Additionally,
there is an overall responsible PO who, together with the APOs, forms the product owner
team. The PO's focus is mainly on the entire product development and optimization but
they are also accountable for the assignment of the APOs and the division of the product
into requirement areas [36]. Furthermore, the LeSS framework includes some principles
that de�ne it, and adherence to those is fundamental to its successful implementation, an
overview is given in [7].

2.3.3. Spotify Model

Spotify created its own new agile working approach in their software development after the
organization had grown into multiple teams, and the Scrum approach was no longer viable
[35]. In 2012, Kniberg and Ivarsson [31] published this new approach called Spotify Model
for the �rst time. The unique thing about the Spotify Model is that although the company
has scaled up and is operating with 30 teams across three different cities, it retained an
agile mindset. This agile engineering culture is one of the signi�cant success factors of
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