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Abstract

In traditional Software Development Life Cycle, medium and large organizations
tend to divide the activities of Operations and Development into separate depart-
ments. These groups often have a troublesome relationship because of different
incentives during the software delivery process. As a result, conflicts occur be-
tween development and operations personnel as they blame each other to be the
cause of long lead times and inefficient software delivery processes.

The concept of DevOps emerged trying to resolve the problem that arises when
separating the work of Development and Operations into organizational silos.
The term DevOps is a combination of the abbreviations of Development (Dev)
and Operations (Ops). DevOps aim to create a coalition that spans between De-
velopment (software developers and quality assurance) and Operation (experts
responsible to roll out software to production and managing the infrastructure,
e.g. system, network and database administrators and technicians). The idea is
to increase the speed of the software delivery process and to quickly solve critical
issues, enable organizations to better serve their customers.

DevOps means that development teams who previously were solely responsi-
ble for the development of their applications now have to manage and govern
both development and operational responsibilities. Thus, the adoption of De-
vOps might introduce new type of challenges and implications for the traditional
development teams. Current literature and research about DevOps focus mainly
on the challenges that DevOps attempts to overcome. There is a lack of literature
on the challenges that practitioners encounter during the adoption of DevOps.
As more organizations and companies tend to adopt the concept of DevOps, it
increases the need to understand potential challenges and effects of adopting De-
vOps. Therefore, the aim of this study is to investigate the challenges that de-
velopment teams encounter during the adoption of DevOps. This research was
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conducted by an inductive research approach through a single qualitative case
study, with the use of semi-structured interviews.

In total, four main challenges and fourteen sub-challenges were identified in this
study. The four main challenges identified was, lack of awareness, lack of sup-
port for DevOps, implementing DevOps technology and adapting organizational
processes to DevOps. This study concludes that the adoption of DevOps has a
profound impact on the role of a software developer, and that the traditional role
of a software developer needs to be evolved. The research provides four rec-
ommendations and means to overcome the challenges identified in this research,
establishing common ways of working and spreading the knowledge, building
commitment and trust by smarter seating, allocate time and resources to transi-
tion and trying out with one team and one application.

Keywords: DevOps, Development and Operations, Continuous Integration, Con-
tinuous Delivery, Continuous Deployment, Software Development.
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Sammanfattning

I traditionell livscykel för mjukvaruutveckling tenderar medelstora och stora or-
ganisationer att dela upp verksamheten i drift och utveckling i separata avdel-
ningar. Dessa grupper har ofta en besvärlig relation på grund av olika incitament
under mjukvaruleveransprocessen. Som ett resultat uppstår konflikter mellan
utvecklings- och driftpersonal eftersom de beskyller varandra för att vara or-
saken till långa ledtider och ineffektiva mjukvaruleveransprocesser.

Konceptet DevOps uppstod för att försöka lösa det problem som uppstår när
man separerar utveckling och drift i organisationella silosar. Termen DevOps är
en kombination av förkortningarna för utveckling (Dev) och drift (Ops). DevOps
syftar till att skapa en koalition som sträcker sig mellan utveckling (mjukvaru-
utvecklare och kvalitetssäkring) och drift (system-, nätverks- och databasadmin-
istratörer och tekniker). Idén är att öka hastigheten av mjukvaruleveranser och att
snabbt lösa kritiska problem för att förbättra organisationens förmåga att betjäna
sina kunder.

DevOps innebär att utvecklingsgrupper som tidigare enbart ansvarade för utveck-
lingen av sina applikationer nu även har driftansvar. Således kan antagandet
av DevOps introducera nya typer av utmaningar och konsekvenser för de tra-
ditionella utvecklingsgrupperna. Aktuell litteratur och forskning kring DevOps
fokuserar främst på de utmaningar som DevOps försöker övervinna. Därav finns
det brist på litteratur kring de utmaningar som utövare stöter på under antagan-
det av DevOps. Eftersom fler organisationer och företag tenderar att adoptera be-
greppet DevOps ökar behovet av att förstå potentiella utmaningar och effekter av
att anta DevOps. Därav är syftet med denna studie att undersöka de utmaningar
som utvecklingsgrupper bemöter under antagandet av DevOps. Denna forskn-
ing utfördes genom en induktiv forskningsinriktning, en kvalitativ fallstudie och
datainsamling genom halvstrukturerade intervjuer.
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Totalt identifierades fyra huvudutmaningar och fjorton sub utmaningar i denna
studie. De fyra huvudsakliga utmaningar som identifierades var, brist på med-
vetenhet, brist på stöd för DevOps, implementering av DevOps-teknik och an-
passning av organisationsprocesser till DevOps. Den här studien drar slutsatsen
att antagandet av DevOps har en djupgående inverkan på rollen som en mjuk-
varuutvecklare och att den traditionella rollen som en mjukvaruutvecklare be-
höver utvecklas. Studien ger fyra rekommendationer och medel för att övervinna
de utmaningar som identifierats, etablering av gemensamma sätt att arbeta och
sprida kunskapen, bygga upp engagemang och förtroende genom smartare sittplatser,
fördela tid och resurser till övergången samt prova med ett lag och en applika-
tion.

Nyckelord: DevOps, Development and Operations, Continuous Integration, Con-
tinuous Delivery, Continuous Deployment, Mjukvaruutveckling.
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Chapter 1

Introduction

This chapter aim to provide the reader a brief background of the research area of this
study. In addition, this chapter introduces the problem statement, defines the purpose,
presents the research questions, delimitation and lastly a short description of the Case
Company.

1.1 Background

In traditional Software Development Life Cycle (SDLC), medium and large orga-
nizations tend to divide the activities of Operations and Development into sep-
arate departments (Humble & Farley 2010). These groups often have a trouble-
some relationship because of different incentives during the software delivery
process. The operations teams aim for stability while development teams aim for
rapid software delivery (Humble & Farley 2010, Hüttermann 2012). To maintain
stability, the operations teams are unwilling to release new application versions
too often and too quickly. As a result, conflicts occurs between development and
operations personnel as they accuse each other to be the cause of long lead times
and inefficient software delivery processes (Hüttermann 2012). Consequently,
organizations are dissatisfied with the performance of the IT department, as the
organization fall short of their goals, resulting in employees feeling unhappy and
frustrated, powerless to change results and processes (Kim et al. 2016).

The concept of DevOps emerged trying to resolve the problem that arises when
separating the work of Development and Operations into organizational silos
(Rodríguez et al. 2018). The term DevOps is a combination of the abbreviations
of Development (Dev) and Operations (Ops). DevOps aim to create a coalition
that spans between Development (software developers and quality assurance)
and Operation (experts responsible to roll out software to production and man-
aging the infrastructure, e.g. system, network and database administrators and
technicians) (Hüttermann 2012).

1
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According to Bird (2015) DevOps was originally initiated by online tech compa-
nies such as Google, Facebook and Twitter. They wanted to find a way to faster
build, scale or fail in software development. DevOps introduced new, faster and
simpler ways to deliver software, allowing them to faster innovate and learn at
a lower cost. Furthermore, DevOps and Continuous Delivery (CD) enable de-
ployment of code changes every day instead of scheduling a release date once a
month where all changes are deployed to production (Bird 2015).

The main idea of DevOps is to get developers and operations professionals to
work together, share responsibilities and reduce fear of software change and risky
deployment activities. DevOps also aim to create autonomous teams that are
able to use their expertise in their daily work without depending on other teams
(Hüttermann 2012). According to Earnshaw (2013), what began as an attempt
to improve collaboration and streamline software delivery has manifested itself
in a new type of role: a DevOps engineer that can manage and govern both the
development and the operational task of the SDLC.

The research paper “DevOps: The Worst-Kept Secret to Winning in the Applica-
tion Economy” presents the result of a survey conducted with 1,425 IT and busi-
ness executives saying that 88% of the respondents either have adopted or plan to
adopt DevOps within the upcoming five years (Technologies 2014). This reflects
Hüttermann’s findings that the concept of DevOps is widely adopted within the
software industry, however, the concept have not been discussed frequently in
academic literature (Erich et al. 2014). Thus, yet there exists no unified term or
definition of DevOps. Since DevOps is not a standardized definition, interpreta-
tions and adoption processes may vary considerably across organizations.

Even though there exist no common definition of DevOps, Hüttermann (2012)
refers to the CAMS framework to better understand the DevOps movement and
to define the main principles of DevOps. CAMS stands for Culture, Automation,
Measurement and Sharing (Willis 2010). In addition, several sources extends the
CAMS framework and adds Lean, which they refer to the CALMS framework
(Van Ommeren et al. 2016, Atlassian n.d., Erich et al. 2017). The five pillars of the
CALMS framework are listed below:

Culture: People are prioritized over tools and processes, since software is made
for and by people.

Automation: Automation is in the center of DevOps and essential to gain quick
feedback.

Lean: Focus on producing value for the end user, through small batch sizes.

Measurement: Quality and aligned or shared incentives are critical in DevOps, to
find a specific path to measurement.

Sharing: Foster a culture where people share processes, tools and ideas.
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Furthermore, to better understand the scope of DevOps, it is important to com-
prehend the aspects that are not considered to be part of DevOps. Hüttermann
(2012) and Erich et al. (2014) state that DevOps is not the creation of a new depart-
ment, nor a process or methodology. Kim et al. (2016) and Olszewska & Waldén
(2015) writes that DevOps is based on concepts from Lean and Agile develop-
ment movements, however important to acknowledge that DevOps does not re-
place these methodologies. Instead, Agile often serves as an effective enabler of
DevOps, due to its focus on small teams, and iterative processes to continuously
delivering high quality software to customers (Kim et al. 2016). Erich et al. (2014)
states that compared with Agile, DevOps is similar to a conceptual framework,
where one can add its own concept, constructs or variables that is seen to be rel-
evant for the particular context.

DevOps was coined in 2009 by Patrick Debois and Erich et al. (2014) say that
many organizations in the industry are integrating Development and Operations.
Organizations and practitioners seem to be interested in DevOps, as shown by
the increasing number of web searches on Google (Google Trends 2019). In addi-
tion, the concept has also become an active topic in scientific research, as shown
by the increasing number of scientific papers published in the ACM Digital Li-
brary (DevOps was mentioned in 30 paper published in 2015, 42 in 2016, 51 in
2017 and 78 papers published in 2018). However, according to Erich et al. (2014),
DevOps has not been frequently discussed or adequately studied in academic
and scientific literature. In addition, Erich et al. (2014) argue that research on
DevOps are scarce and often of low quality and suggests that more research is
needed. Furthermore, current literature and research on DevOps focus mainly
on the challenges that DevOps attempts to overcome, and is mainly subjective
experience from practitioners and communities, describing the concept and shar-
ing best practices. There is a lack of literature and research on the challenges that
practitioners encountered during the adoption of DevOps. That is why this re-
search focus on the challenge’s practitioners encounter during the transition to
DevOps.

1.2 Problem formulation and research purpose

There exists no unified definition of DevOps, thus interpretations and adoption
processes may vary considerably between organizations. In addition, implement-
ing DevOps means that development teams who previously were solely respon-
sible for the development of their applications now also have operational respon-
sibilities. Accordingly, adopting DevOps might introduce new type of challenges
and implications for the traditional development teams. As it is common that or-
ganizations and companies tend to adopt the concept of DevOps, it increases the
need to understand potential challenges and effects of adopting DevOps. There-
fore, the purpose of this study is to investigate and identify the challenges that
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development teams encounter during the adoption of DevOps.

Three research questions have propelled this study:
- RQ 1: What challenges have the development teams encountered during the adoption of
DevOps?

- RQ 2: What are the ways to overcome these challenges?

- RQ 3: How has the transition to DevOps affected their role as software developers?

1.3 Delimitation

This study focuses mainly on the development teams and do not target the op-
erations teams. The reason is that during the pilot study, it was stated that these
teams are those who have undergone the greatest change during the adoption of
DevOps. The research targets well-established organization within the financial
sector, in Sweden, and in particular the banking sector. In addition, this study is
delimited to a single case study and carried out in collaboration with the com-
pany of investigation. Case Company is a leading Nordic finance group with the
majority of its operations in the Nordic and Baltic countries, offering financial
advice and a wide range of financial services.

1.4 Chapter Outline

The design of this report is structured as follows:

Chapter 2, Theory. This chapter provides the reader with an overall understanding
of the existing theory of DevOps.

Chapter 3, Method. This chapter describes and explains the methods used through-
out the research process and why they were of relevance.

Chapter 4, Empirical context. This chapter describes the contextual information
needed to understand the empirical analysis in this study.

Chapter 5, Findings and analysis. This chapter analyzes the collected empirical find-
ings derived from the pilot and main study.

Chapter 6, Discussion. This chapter present a general discussion of the empir-
ical findings acquired from the different data collection phases of the research
together with existing theories.

Chapter 7, Conclusion and future work. This chapter present the conclusion and
future work. The aim of this chapter is to revisit each research question, and for
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each of the research questions, answers are given based on the findings of the
study.



Chapter 2

Theory

The aim of this chapter is to provide the reader with an overall understanding of the
existing theory of SDLC and DevOps in order to understand the findings, analysis, con-
clusion and the recommendations of this study. Firstly, theory of the SDLC is presented,
following by theory about DevOps.

2.1 Software Development Lifecycle

SDLC is a conceptual model that considers the process of developing and oper-
ating software applications (Cois et al. 2014, Ruparelia 2010). The steps that are
essential and included in the SDLC are illustrated in Figure 2.2.

The SDLC is traditionally divided into Development, Testing and Operations.
The SDLC start with an idea based on customer, organizational or business needs
(Chappell et al. 2008, Rossberg & Olausson 2012). Product owners attempt to
concretize the idea into clear business requirements and guidelines, which will
be used during the development processes. When the idea has passed through
all necessary business criteria and is accepted, the requirements is passed on to
the development teams.

This is where the development phase begins, and it includes work ranging from
requirement specifications to delivering code. The development teams are re-
sponsible for the creation and development of the application, which appear be-
tween idea and testing, and governance responsibilities reappears several times
throughout the application’s lifetime, in furtherance of bug fixes or upgrades of
the existing application (Chappell et al. 2008). The creation of the software is per-
formed by software developers and other experts within the area of development
(Rossberg & Olausson 2012). Then the testers, as known as Qualitative Assurance
(QA) runs all necessary tests in order to ensure that the application is ready to be
deployed into production. Once the system or application have been created and

6
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passed the acceptance testing, it is delivered to Operations, where the application
is deployed into production (Chappell et al. 2008).

The operational responsibilities generally begins just before deployment, and
runs continuously until the termination of the application (Chappell et al. 2008).
The operations teams consist of specialists such as network, system and database
administrators as well as other administrators responsible for the setup and main-
tenance of systems and infrastructure. Operations focuses on the life cycle of an
application in production, making sure that the developed software is available
for the users, thus involving activities such as; deployment, maintenance, support
and monitoring (Hüttermann 2012). The aim is to ensure that once the applica-
tion is developed and deployed, that it runs smoothly and serves the purpose
that it was defined for. However, the application life cycle management does not
end here. It is an iterative cycle repeated continuously over time as bug fixes
and new versions are implemented. Lastly, when the application no longer adds
or brings any business value, the application is terminated and removed from
service (Rossberg & Olausson 2012).

In order to manage the SDLC, various methodologies can be used, including the
traditional Waterfall model, Spiral model, adaptive methods such as Lean and
Agile software development methods or the more recently Continuous Deploy-
ment (CD) (Rodríguez et al. 2018). Figure 2.1 represent a timeline of some of the
major software development processes, based on the Münch et al. (2012) review
of software process models. According to their illustration depicted in Figure
2.1, software development processes have during the past decades evolved from
heavyweight, stage-based processes such as the Waterfall model to lightweight
and adaptive processes such as the Agile method. The stage-based processes
builds on belief of static and stable requirements and divides the development
process into sequential stages, while the adaptive and flexible processes tries
to grasp the current business environment by emphasize speed, flexibility, cus-
tomer involvement and continuous improvement of software systems (Osterweil
2011).
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Figure 2.1: Trends and major contributions to software development processes
over last four decades (Rodríguez et al. 2018).

The upcoming sections will cover the methodologies: Waterfall, Agile, Lean and
CD. The purpose is to give the reader an understanding of the gradually evolu-
tion of software development processes. First, an overview of the traditional Wa-
terfall model is given, describing a traditional software delivery process. Then, an
overview of Agile, Lean and CD methods is presented in order to give the reader
an understanding of how these methods relates to the concept of DevOps.

2.1.1 Waterfall Software Development

The Waterfall model is one of the most well-known standardized way of devel-
oping software systems (Münch et al. 2012). In 1970, Winston Royce formally
described the model (Royce 1970), even though he did not present it as the Wa-
terfall model. As illustrated in Figure 2.2, the idea behind the Waterfall model is
that the creation of products is done in a sequence of stages where the output of
each stage is input of the next (Beck et al. 2001, Basili & J. Turner 1975).

Although the Waterfall model is considered simple to plan and conceptualize,
the approach is considered to have notable drawbacks in the software develop-
ment processes, particularly the difficulty of adapting to change and unexpected
requirements (Agresti 1986, Jacobson et al. 1999). Consequently, the Waterfall
model tends to be very inflexible, when the project plan and specifications are
determined, the model is reluctant to change (Leffingwell 2007). As a result, soft-
ware features may either be delivered in poor quality in order to be able to meet
the fixed schedule and budget or terminated when the cost or deadline escalates.
In addition, Kee (2006) explains that because of the sequential design process,
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the application has to be fully developed, before any tests can be run. Thus, in
a complex software system having many dependencies, trace errors can prove to
be very difficult.

Figure 2.2: The Waterfall Model of Software Development, as described by Royce
(1970a).

Another issue that the strict step-by-step process creates is that customer feed-
back is often provided late into the development cycle. And without a properly
functioning feedback loop, application quality is reduced as well the customer
satisfaction, and without continuous feedback, it is difficult for both developers
and other personnel to learn and gain experience (Langer 2016). Furthermore,
the Waterfall model includes long cycle times and does not scale well for large
projects (Münch et al. 2012). Its inability to adapt to new information or changes
has proven in many projects to increase the risk of failure. These shortcomings
has led to other more adaptive methodologies being developed in order to cope
with the current business climate (Cois et al. 2014).
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2.1.2 Agile Software Development

As a reaction to the shortcomings of the Waterfall model, which were considered
unable to deliver business value in a constantly changing environment (Beck et al.
2001), the Agile Manifesto was established as a response to the traditional meth-
ods (Poppendieck & Poppendieck 2003). The Agile software development move-
ment was established with the introduction of the Agile Manifesto, which was
formulated from a software development perspective, with inspiration and ideas
from Lean thinking and Agility (Highsmith 2002). The Agile Manifesto establish
a foundation for adaptive software development and highlights four values listed
below (Highsmith 2002):

1. individuals and interactions over processes and tools,

2. working software over comprehensive documentation,

3. customer collaboration over contract negotiation

4. responding to change over following a plan

In other words, tools and processes are useful but only if they serve the people
and their interaction. Easily accessible and descriptive documentation is good,
but documentation that is rarely updated or which does not support the devel-
opment process becomes worthless and wastes of time and resources. Contract
negotiating with customers is inevitable, but in order to be able to develop the
right product that fulfills the customer’s needs, customer collaboration is more
important. Lastly, following a strict plan that might lead to the creation of an in-
correct product is not as important as being able to react and respond to changes
and new information (Rodríguez et al. 2018). In addition to the four values that
the Agile Manifesto highlights, the manifesto also defines twelve principles (Beck
et al. 2001). The aim of these twelve principles and four values is not to say how
the software development process should be carried out, but rather guide and
establish a foundation for adaptive software development. The main idea is to
facilitate and provide speed, flexibility and responsiveness to the software devel-
opment process (Rodríguez et al. 2018).

Being able to manage change is at the core of the Agile manifesto, this is done
by adaptive planning, incremental and iterative development, and emphasize
continuous and direct communication with stakeholders (Cois et al. 2014). Fur-
thermore, Agile practice aim to develop and release software changes in small
batches, and therefore, there is no need for or requirement to specify all the de-
tails, planning or documentation ahead. Instead, Agile encourage a simple and
adaptable development processes, focusing on continuous delivery and improve-
ment (Highsmith & Cockburn 2001).
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Figure 2.3: The Agile Model of Software Development (Cois et al. 2014).

According to Rodríguez et al. (2018) Agile software development, shown in Fig-
ure 2.3, is often referred to a philosophy instead of a set of practices. A variety of
methods have emerged that applies the values and principles in practice of Agile
methodologies. Software development processes such as Extreme Programming
(XP), Scrum, Kanban, Dynamic Systems Development Method, or Feature-driven
development are among the most popular Agile methods. Scrum and Kanban are
two of the most widely used methods in the industry, and has received consider-
able attention in research (Rodríguez et al. 2012).

2.1.3 Lean Software Development

Rodríguez et al. (2018) claim that Lean in software development is closely linked
to Agile software development and that it dates back to early 1990s, long before
the formulation of the Agile Manifesto. It was not until 2003, when Poppendieck
& Poppendieck (2003) described the method in their book, Lean Software Devel-
opment: An Agile Toolkit, that Lean software development manage to acquire its
own identity, becoming a well-established software development methodology
in the software development industry (Wang et al. 2012). Before 2003 Lean was
primarily treated as one of the Agile methods (Dybå & Dingsøyr 2008).

One of the main reasons why the software community drew attention to Lean
thinking was that the Lean approach focuses on the organization as a whole (Pop-
pendieck & Poppendieck 2003). Since Agile methods were primarily intended for
use by small software development teams, Lean was considered as a promising
approach to be combined with Agile software development methods (Dybå &
Dingsøyr 2008).
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Lean software development has been interpreted differently by various authors.
The first interpretation of Lean software development was initiated by Poppendieck
& Poppendieck (2003), and some argue that the interpretation took the view of
Lean in manufacturing. Despite this, Poppendieck’s principles have been widely
used in industry and includes seven principles in Lean software development
(Poppendieck & Poppendieck 2006):

1. Eliminate waste, that does not add any value

2. Build quality in, through testing, refactoring and automation

3. Create knowledge, by continuous improvement and rapid feedback

4. Defer commitment, instead of making decisions without sufficient informa-
tion, keep options open and collect information continuously

5. Deliver fast, by limiting work-in-progress and deliver small incremental batches

6. Respect people, encourage respect for people doing the work

7. Optimize the whole, focus and implement Lean on the entire value stream

Furthermore, Poppendieck & Poppendieck (2006) translated the original seven
source of waste in manufacturing (Ohno 1988) into corresponding seven sources
of waste in software development:

1. Extra features, producing unnecessary features or functionality that the cus-
tomer does not need or demand

2. Delays, in the software development process waiting for decision making,
testing, and so forth.

3. Handoffs, the waste of handing of work

4. Relearning, is the repeated learning of knowledge that has not been pre-
served

5. Partially done work, partly finished work that does not add any value to the
customer

6. Task switching, software development requires deep concentration and switch-
ing between tasks requires a lot of effort, resulting in delays and poor qual-
ity

7. Defects, rework due to product errors and abandoned work

In addition to Poppendieck and Poppendieck’s interpretation of Lean within soft-
ware development, Middleton & Sutton (2005) interpretation has gained popular-
ity, and uses the original Womack & Jones (2003) five principles of Lean thinking
in software development. These five principles are listed below:

1. Value, identify customer value
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2. Value stream, make sure that each activity in the value stream adds customer
value

3. Flow, remove discontinuities in the value stream

4. Pull, demand initiates production

5. Perfection, the pursuit of completeness and zero waste

According to Rodríguez et al. (2018), these five principles are probably the most
popular interpretation of Lean. Moreover, although waste is undoubtedly an im-
portant concept in Lean software development, Poppendieck and Poppendieck
as well as Middleton and Sutton interpretation of Lean in software development
clearly show that Lean is more than just the removal of waste.

2.1.4 Continuous Integration, Continuous Delivery and Con-
tinuous Deployment

Over the last years, a trend for fast and continuous software development has
gained momentum (Rodríguez et al. 2016). Ideas from both Lean and Agile soft-
ware processes exist in the concept of fast and continuous software development.
More specifically, it refers to the organizational ability to rapidly develop, release
and deploy software to production, often within days or hours (Rodríguez et al.
2016, Mäntylä et al. 2015, Fitzgerald & Stol 2015). According to Rodríguez et al.
(2018) speed is the key to this trend, the speed is about shortening feedback loops
between a company and its users, enable companies to better understand their
user’s behavior and adapt more quickly to customer changes. The aim is to dis-
tribute new software functionality to production environment as fast as possible
in order to make it accessible to the customer as soon as it is ready. This concept
is referred to CI (Continuous Integration) and CD (either Continuous Delivery
or Continuous Deployment) and aim to minimize the step between development
and deployment (Humble & Farley 2010). The concept of CI/CD is not entirely
new, rather it extends Agile principles for software development by shifting from
cyclical to continuous delivery of software (Rodríguez et al. 2016).

CI and CD are at the center of rapid software development (Rodríguez et al. 2018).
CI and CD are two concepts that is often mentioned in DevOps literature and
relates to automation and modern development practices. CI refers to the process
of continuously integrating new code as frequently as possible to the applications
master branch. According to Davis (2016), traditionally, developers worked for
weeks or months before merging their code back into the master branch. The idea
with CI is to avoid the types of integration problems that infrequent and large
merges tend to create. The software changes are validated by running automated
tests, this is done to ensure that the integrations succeeded before the changes are
merged into the master branch (Davis 2016).
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Freeman (2019) along with Kim et al. (2016) describes Continuous Delivery as
an extension of CI, by automating the deployment process of software into test,
staging and production environments. In addition to CI, Continuous Delivery
automates the release process, provide the ability to rapidly deploy software to
production by the click of a button (Humble & Farley 2010). Continuous Delivery
involves a delivery pipeline, an automated end-to-end processes where software
change act as the input to the pipeline which is automatically piped through the
entire pipeline, reaching the production environment and its end user (Hütter-
mann 2012).

The early scientific literature in CD used the terms Continuous Delivery and Con-
tinuous Deployment as each other’s synonyms (Rodríguez et al. 2016). As a re-
sult, there are some confusion in the use of these terms. Continuous Delivery
relates to the state of ready-to-deploy new software revisions continuously, thus
the capability to deploy changes to production (Rodríguez et al. 2018).

Davis (2016) defines Continuous Deployment as going one step further than Con-
tinuous Delivery. Continuous Delivery enable developer’s changes to be de-
ployed, while Continuous Deployment make sure that changes are deployed to
the targeted environment without any human intervention. Figure 2.4 illustrates
the difference between Continuous Delivery and Continuous Deployment. In
addition, Humble & Farley (2010) emphasize the importance of automated test
in order to reduce the risk when delivering software directly to production. Ac-
cording to Freeman (2019) Continuous Deployment is an essential component in
software development since it allow developers to focus on building software,
and removes the dependencies to operational teams having to deploy software
changes to production.

Figure 2.4: Conceptual difference between Continuous Delivery and Continuous
Deployment (Rodríguez et al. 2018).
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2.2 DevOps

Moving towards CD and beyond Lean and Agile software development, the soft-
ware development process is characterized by automation and increased collabo-
ration between organizational functions, in particularly, Development and Oper-
ation. In this section, the concept of DevOps is introduced, and DevOps focuses
on collaboration between Development and Operations and to improve the speed
of software development processes, enable organizations to rapidly and contin-
uously deliver high-quality software changes to their users. This section starts
by presenting the origins of the DevOps philosophy and main trends behind the
evolution. Thereafter, describes the challenges that DevOps aim to overcome and
the CALMS model which tries to define the scope of DevOps. Lastly, this sec-
tion will cover the key challenges when adopting DevOps and how the transition
affects the role of a developer.

2.2.1 The Origins of DevOps

The DevOps movement began around 2008, when software development and op-
erations communities expressed their thoughts and frustration of the way IT or-
ganizations delivered software. Patrick Debois expressed his frustration in 2008
when he held the presentation "Agile Infrastructure and Operations" at the Agile
Conference (Debois 2008), which focused on the use of Agile principles in in-
frastructure related projects and activities. Patrick Debois describes in the book
“DevOps Handbook - How to create world-class agility, reliability, & security
in technology organizations” that during the Velocity Conference in 2009, after
having seen the presentation “10 Deploys per Day” by Paul Hammond and John
Allspaw, he was convinced that others also were thinking in a similar way. That
is when he decided to organize the first DevOpsDays, where he coined the term
DevOps (Kim et al. 2016). These pioneers together with other practitioners, in-
troduced the DevOps movement which today includes a diverse set of tools and
methods to accelerate the software delivery process to end users.

In 2009, DevOps evolved as an approach to enable the principles of CD (Humble
& Molesky 2011). Even though the concept DevOps has been widely used in the
software industry, there exists yet no unified term or definition of DevOps, and
one reason may be that it has not frequently been discussed in academic literature
(Erich et al. 2014, Hüttermann 2012). The number of scientific studies describing
the concept of DevOps and its underlying principles in software development has
increased dramatically during the past years. As a result, the concept of DevOps
is less ambiguous today than it used to be at the inception (Lwakatare et al. 2015).
The term DevOps is a combination of the abbreviations of Development, Dev, and
Operations, Ops. DevOps aim to create a coalition that spans between develop-
ment (representing the software developers, testers, and quality assurance) and
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operation (representing the experts responsible to roll out software to production
and managing the infrastructure, e.g. system, network and database adminis-
trators and technicians) (Hüttermann 2012). (Freeman 2019) claim that DevOps
mainly focus on continuously and rapid software delivery based on principles
from Agile and Lean methodologies in which Development and Operations col-
laborate in order to faster respond to change and reduce the time of customer
feedback. Wettinger et al. (2015) and Hüttermann (2012) describes DevOps as
an emerging paradigm with a focus on change in IT culture and people to im-
prove collaboration between developers and operations in order to reduce fear of
change and risky deployment activities. Much of what DevOps tries to resolve
is the problem that emerge from separating the work of software development
and operations, into organizational silos (Rodríguez et al. 2018). In such a setup,
the software developers design, implement and test the software, and then han-
dover the developed software to operation personnel who maintain, distribute
and deploy the software to the product

According to Iden et al. (2011), the separation between software development and
operations creates several problems when delivering software. When software
developers began using Agile methods to better adapt to change, the problems
were intensified, since operations still used traditional stage-based processes (El-
banna & Sarker 2016). This led to the conflicting goals of "change versus stabil-
ity". The operation teams aim for stability while development team aim to deliver
software as fast as possible (Hüttermann 2012, Humble & Farley 2010). Conse-
quently, the operation teams being unwilling to release new application versions
too often and quickly, which impacts and hinder the software development deliv-
ery process (Hüttermann 2012). As a result, the organization becomes dissatisfied
with the performance of IT, as the organization fall short of their goals, resulting
in employees who feel unhappy and frustrated, powerless to change the results
and its processes (Kim et al. 2016).

As illustrated in Figure 2.5, the concept of DevOps has emerged as a solution that
focuses on extending Agile methods to operations and automating the software
delivery pipeline (Lwakatare et al. 2015). DevOps is supposed to be the answer to
the “us versus them culture”. The aim is to bridge the gap between Development
and Operations, to improve collaboration and communication, and to align ob-
jectives for more efficient and faster delivery processes (Humble & Farley 2010).
Freeman (2019) argue that DevOps is essential for all enterprises that has to be
agile to be able to respond and adapt to changes from competitive pressures, cus-
tomer demands, regulatory requirements and market conditions.

Some authors claim that DevOps is the most recent software development pro-
cesses and refers DevOps to the third-generation software development method,
a continuation of Agile methods. However, Hüttermann (2012) and Erich et al.
(2014) argue that DevOps is neither the creation of a new department nor a pro-
cess or methodology. According to Olszewska & Waldén (2015) and Kim et al.
(2016), DevOps is based on concepts from Lean and Agile development move-
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ments, but DevOps does not replace these methodologies. Instead, Agile often
serves as an effective enabler of DevOps, due to its focus on small teams, and
iterative processes to continuously delivering high quality software to customers
(Kim et al. 2016). Erich et al. (2014) state that compared with Agile, DevOps is
more like a conceptual framework.

Figure 2.5: DevOps extending Agile collaboration to operations engineers (Ro-
dríguez et al. 2018).

2.2.2 Trends behind the evolution of DevOps

Success stories derived from the industry could be one of the reasons of the in-
creased demand for DevOps in technological organizations (Technologies 2014).
Technologies (2014) argue that organizations feel the increased pressure to in-
novate and deliver products and services, faster and more frequently than ever
before, without errors, and to respond to these changes, organizations search for
and embrace methods and principles that best enables speed and collaboration.
Sussna (2013) mentions that the businesses which is unable to keep up with an
ever-growing business environment, may end up with consumers who react and
switch to competitors.

According to Bird (2015) DevOps was originally initiated by online tech com-
panies like Google, Facebook and Twitter. They wanted to find a way to faster
build, scale or fail in software development. DevOps, with its focus on collabo-
ration, allowed them to faster and more frequently release software changes to
their customer, at a lower cost, and allow them to scale more effectively than they
were capable of previous to DevOps. Bird (2015). The study “How to Survive
and Thrive in the Application Economy” by Vanson Bourne, showed that 94%
of 711 respondents felt an increased pressure to release applications faster, as he
believes could be one of the factors of the increased investment and interest in
DevOps (Technologies 2014).
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In order to better understand the driver and motivators of the DevOps paradigm,
Kim et al. (2016) refers to the Manufacturing Revolution of the 1980s, where man-
ufacturing organizations by adopting Lean practices and principles, manage to
improve lead times, productivity, product quality, and customer satisfaction. Be-
fore the manufacturing revolution, less than 70% of orders were delivered on
time, and lead times of an average manufacturing plant were six weeks. And,
with the implementation of the Lean principles, in 2005, more than 95% of orders
were delivered on time and the average lead times went down to less than three
weeks. Organizations that refrained from adopting Lean lost market share, and
risked going out of business (Kim et al. 2016).

Success stories from the manufacturing revolution raised the bar for delivering
services and products in technology markets, thus what was considered good in
recent decades was no longer good enough (Kim et al. 2016). As presented in
Figure 2.6, during the past four decades, the time and cost needed to develop
and deploy business features, has decreased significantly. In the 1970s and 1980s,
the average business features often cost millions of dollars, and needed one to
five years to develop and deploy.

Figure 2.6: The ever accelerating trend towards faster, cheaper, low-risk delivery
of software (Kim et al. 2016).

In the 21st century, due to technological advances and the adoption of Agile
methodologies, the time to develop new functionality had decreased to weeks
or months, however deploying software to production was still inefficient, often
with disastrous results. With the introduction of DevOps in 2009, the time re-
quired to create software features had dropped to weeks and could quickly and
safely be deployed to production in just a few hours, minutes or even seconds.
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This meant that deployment activities were finally routine and a low risk activity.
This allow organizations to test new business ideas and more quickly discover
which ideas create the most value for the organization and its customers. The
organizations that adopts DevOps practices and principles can often deploy hun-
dreds of changes per day. In a time where customers expects and desire rapid
and continuous innovation, organizations that are not constantly evolving may
go out of business, similar to the manufacturing organizations that did not em-
brace Lean practices (Kim et al. 2016).

2.2.3 Challenges that DevOps attempts to overcome

DevOps is the answer to the traditional inefficient ways of delivering software
and managing Development and Operations. This section outlines the key chal-
lenges that led to the development of DevOps.

Cultural challenges are often referred to as the main challenge that DevOps aim
to address. According to Kim et al. (2016) when dealing with complex software
systems, issues and incidents are inevitable, and it is the response to incidents and
accidents that either promotes a culture of fear or a culture of trust. The common
response is to blame the person who caused the problem and in order to resolve
further failures organizations then tend to create more bureaucracy; processes
and approvals to prevent the error from happening again (Kim et al. 2016). This
leads to a culture of fear, where people are fear of sharing ideas and knowledge,
collaborate, and to talk about problems due to fear of losing reputation, influence
and power (Hüttermann 2012).

In addition, according to Kim et al. (2016) medium and large organizations, es-
pecially functionally-oriented organization tend to separate the activities of De-
velopment and Operations. Hüttermann (2012) writes that in order to deliver
and develop software of high quality, specialized roles and teams are introduced.
Hering (2018) claim that IT organizations and managers operate with a mental
model inspired by manufacturing way of separating duties in order to achieve
high-quality outcome. However, Kim et al. (2016) and Hering (2018) claim that
this is not the case for IT projects since it requires collaboration and multiple per-
spectives in order to achieve the desired outcome.

Furthermore, Hering (2018) describes that the traditional software development
process used Waterfall techniques because it was practical and matched the pace
of system changes at that time. However, in a digital era, new demands has
emerged and the traditional way of separating responsibility does not contribute
to an incremental delivery methods that is required to meet the business demands
of today (Hering 2018). Instead, the separation of responsibility between De-
velopment and Operations imply that any operational activity includes multiple
handoffs, which leads long lead times, conflicts and dependencies since e.g. ev-
ery network change needs to go through the networking department (Kim et al.
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2016).

During the software delivery process conflicts generally occur between Develop-
ment and Operations. Hüttermann (2012) argue that the main reason for most of
the conflicts between Development and Operations is because the development
teams are dependent on operational teams in order to deploy software changes
to production, slowing down the software delivery process. In addition, Op-
erations and Development often have different incentives during the software
delivery processes, since they are evaluated on different measurement. The op-
erations teams are often measured on software availabilities, security, server up-
times, and response times, while development teams are measured on the speed
of fulfillment of the customer’s requirements through software updates (Hütter-
mann 2012). Thus, the operation teams aim for stability while the development
teams aim to deliver software as rapidly as possible (Humble & Farley 2010). As
a result, the operation teams are unwilling to release new application versions too
often and quickly, which lead to conflicts, and hinder software changes to reach
customers in time (Hüttermann 2012). According to Humble & Farley (2010),
the troublesome relationship leads to any critical activity appears slow and error
prone since these groups of stakeholders ensure that any problems that arise are
not their fault. Hüttermann (2012) describes this situation as "blame game" where
each side accuses the other of being the cause of the problem. Developers blame
Operations for out-of-date infrastructure and poor implementation and Opera-
tions blame developers for bad design.

Furthermore, specialized teams and roles tend to use a language that suits their
needs, rather than languages that the whole project understands. Thus, Develop-
ment and Operations might not share a common language to communicate ideas
and challenges. This may lead to confusion and misunderstanding between De-
velopment and Operations, and misinterpretation often leads to conflicts, which
according to Hüttermann (2012) generally is found out to be a minor detail or
mismatch in some configurations that neither party knew about. Kim et al. (2016)
claim that these conflicts leads to longer lead times, lower quality of work, re-
sulting in frustrated and unhappy employees, powerless to change the results
and its processes. Despite the troublesome relationship, Humble & Farley (2010)
state that probably the most important thing to remember is that all involved par-
ties have a common goal: the release processes of software should be a low-risk
activity.

Another issue describes in the context of DevOps is monthly, quarterly or even
yearly release dates. Humble & Farley (2010) claim that those who have been part
or near a project that is approaching release date has felt the stress associated to
a software release. The reason is that the outcome of a release process is unpre-
dictable, often resulting in unforeseen problems, which often have to be rolled
back. In addition, the cost of coordinating all stakeholders during a release can
be significantly high. In order to not extend the release processes, reduce cost
and make sure that the software reaches the users in time, project managers may
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ask developers or database administrators to quickly fix the most critical bugs by
either modify the code or to add data into tables in databases (Humble & Farley
2010).

Moreover, the lack of fast, frequent and continuous feedback is also a challenge
that DevOps aim to address. Humble & Molesky (2011) and Kim et al. (2016)
claim that long lead times result in outdated or incomplete information that is
used as a basis for decision-making in the refinement and development of fea-
tures. The lack of information is a consequence of long lead times, which is as-
sociated with non-DevOps organizations that are not able to respond quickly to
market or customer changes (Hering 2018).

These are some of the main challenges that DevOps aim to overcome, Hütter-
mann (2012), Kim et al. (2016) and Humble & Farley (2010) suggest DevOps as
a way to bridge the gap between Development and Operations in order to solve
these challenges.

2.2.4 The Essence of DevOps

Even though there exist no common definition of DevOps, Hüttermann (2012)
refers to the CAMS framework to better understand the DevOps movement and
to define the main principles of DevOps. CAMS stands for Culture, Automation,
Measurement and Sharing (Willis 2010). In addition, several sources extends the
CAMS framework and adds Lean, which they refer to the CALMS framework
(Van Ommeren et al. 2016, Atlassian n.d., Erich et al. 2017). This section presents
the five pillars of the CALMS framework.

Culture

Freeman (2019) and Hüttermann (2012) explains DevOps mainly as a cultural
movement; it is all about the people, because even though an organization adopt
the latest and most efficient tools and processes, they are useless without the peo-
ple that will be using the tools and processes. Therefore, according to Freeman
(2019) building a DevOps culture, is at the core of DevOps. Hüttermann (2012)
state that DevOps culture is about trust and a feeling of fellowship, shaping an
“we” culture instead of a “us versus them” culture.

Kim et al. (2016) refers to Dr. Ron Westrum as one of the first to observe the im-
portance of organizational culture. Through observations Dr. Westrum defined
three types of culture: pathological, bureaucratic and generative, represented in
Table 2.7.
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Figure 2.7: The Westrum organizational typology model: how organizations pro-
cess information (Westrum 2004).

A pathological culture is characterized by fear of failure that leads to threats and
punishment. Collaborations are discouraged, new ideas are crushed and infor-
mation is hidden for political reasons or removed to cover failures (Westrum
2004). A bureaucratic culture is characterized by rules and processes, where fail-
ure is processed through system of judgment. According to Kim et al. (2016)
when dealing with complex software systems, issues and incidents occurs in-
evitable, and it is the response to incidents and accidents that either promotes a
culture of fear or a culture of trust. The common response is to blame the person
who caused the problem and in order to resolve further failures organizations
then tend to create more bureaucracy; processes and approvals to prevent the
error from happening again (Kim et al. 2016).

However, according to Kim et al. (2016), in technology value streams, a high-trust,
generative culture is preferable where new ideas are welcomed. A generative cul-
ture that strives to create a workplace of trust, where people respect the opinions
and responsibilities of others. Furthermore, in a generative culture, failures are
not treated with blame, potential problems are discussed openly, collaboration
is encourage, responsibilities are shared and new ideas are welcomed (Westrum
2004). Instead of looking for human error, organizations try to redesign their
system to prevent the accident from happening again, and by removing blame,
fear is removed, and by removing fear, honesty is enabled and honesty leads to
prevention (Kim et al. 2016).

Freeman (2019), Hüttermann (2012) and Kim et al. (2016) describes a DevOps cul-
ture as a culture characterized by a high degree of collaboration spanning across
roles and teams, enabling continual learning, high trust, accepting that failures
occurs and making it acceptable to talk about problems in order to prevent and
solve them.
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Automation

Hüttermann (2012) state that automation as one of the building blocks of DevOps
and Fitzgerald & Stol (2015) refers automation to the complete automation of the
build, test and deployment of software changes. Hüttermann (2012) writes that
automation reduces the risk of manually release processes, ensure repeatability,
and enable faster delivery and feedback from end users, which can be used to
improve application quality and enrich the customer experience. Accordingly,
automation has a profound impact on speed, quality and cost of releasing soft-
ware.

Humble & Farley (2010) points out that automation allows software releases to be
rolled out to any deployment environment, testing, staging, or production, at the
push of a button. In order to be able to release and deploy software with the push
of a button, automation tools are essential. Tools for managing the applications
life cycle such as build, test, release management, configuration management,
monitoring and control (Freeman 2019).

Furthermore, DevOps aim to create autonomous teams that are able to use their
expertise in their daily work without being dependent on other teams with the
help of self-service tools and platforms (Kim et al. 2016). Kim et al. (2016) claim
that automation enables organizations to create an efficient flow of software de-
livery, where small teams are able to quickly and independently develop, test,
and deploy code and value quickly to customers.

Lean

According to Freeman (2019) Lean and Agile practices are at the core of DevOps.
Kim et al. (2016) describes DevOps as the result of applying Lean principles to
the technology value stream. Lean focuses on incremental improvements and
divides work into small batches, and the small batches can then rapidly and fre-
quently be released to end users on daily basis. Frequent releases enable quick
and useful feedback from users such as feedback of the latest software version,
and this feedback make it possible to learn, improve and adapt according to the
feedback (Ltd 2018). In addition to rapid and iteratively delivery of high-quality
software, Lean focus on automation, reduction of cost and the removal of waste
(Humble & Farley 2010).

The Lean software development movement teaches the importance of having a
holistic approach that ties together all parts of the delivery process and everyone
involved in it, in order to optimizing the software delivery processes (Humble &
Farley 2010). Humble & Farley (2010) claim that optimizing and improving the
quality and speed of the software delivery is only possible when a team has full
control over the entire software development processes, being able to follow ev-
ery change, from development to release. According to Humble & Farley (2010),
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Lean is not limited to the size of a system, instead Lean was established and ap-
plied to manage large systems and applications. In addition, the Lean philosophy
believes that it is more valuable for the customer to deliver a simple product to-
day that can be continuously improved through time than delivering a perfect
product in the near future. By continuously improving a product, customer sat-
isfaction will increase (Atlassian n.d.).

Measurement

According to Hüttermann (2012) measurements is about monitoring and tracking
performance and Humble & Farley (2010) highlights the importance of continu-
ally measuring performance to be able to improve existing processes. Humble &
Molesky (2011) describes two levels of measurements: high level measurements,
such as turnover or fulfillment of business goals, and low level measurements,
such as individual indicators of performance. Humble & Molesky (2011) advise
organizations to be cautious about low level measurements as it can affect how
developers behave. As an example, Humble & Farley (2010) mention that if a
developer is measured on the number of lines of code, the developer will write
many short lines of code in order to meet the goal. Swartout (2014) writes about
the importance of constantly measuring and analyze progress, and the author
suggest that organizations should measure and collect data that can be used to
show the effectiveness of DevOps work, for instance, the frequency of commits
of code.

Humble & Farley (2010) writes that the most important question to consider is:
what should you measure? Since the choice of measurement influence the be-
havior of individuals and individual teams. Traditionally, as explained by Hüt-
termann (2012), Operations and Development typically have different incentives,
since they are evaluated on different measurement. The operational teams are
often measured on stability (software availabilities, security, server uptimes, and
response times) while development teams are measured on change (the speed
of fulfillment of the customer’s requirements through software updates). Conse-
quently, Operations are unwilling to deploy changes to the production environ-
ment since they wants to fulfill their goals of stability, and Development has little
incentive to maintain stability (Hüttermann 2012). Freeman (2019) and Hütter-
mann (2012) claim that aligned and shared incentives are crucial within DevOps,
that Operation and Development should be evaluated on measurements which
aim to fulfill the overall organizational objectives rather than focusing on sepa-
rate departments or team goals. Thus, replace competing objectives and mea-
surements with shared responsibility for delivering new capabilities quickly and
safely which benefits not just Operations or Development but the entire organi-
zation (Freeman 2019).
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Sharing

After decided upon shared measurements which benefits the entire organiza-
tions, the next step is to create a workplace of collaboration, trust and sharing,
sharing of issues, ideas, tools, processes and goals (Freeman 2019). Hüttermann
(2012) and Humble & Farley (2010) believes in an organization that encourage col-
laboration and sharing through visibility, by establishing a common set of sharing
tools in order to distribute knowledge and experience, especially when teams are
geographically scattered. Making it possible for employees to follow the progress
of a project’s status and goal, thus enable visibility which is essential for build-
ing a DevOps culture based on collaboration, sharing and trust (Freeman 2019).
Humble & Molesky (2011) also emphasize the importance of sharing knowledge
and tools. According to the authors, sharing knowledge can, for example, be to
inform and notify department before deploying software to production. Hütter-
mann (2012) points out that if a service or application stop to function, as many
as possible should be able to troubleshoot the problem and that is only possible
through the exchange of knowledge.

According to Kim et al. (2016) sharing is about knowledge and competitive ad-
vantage, to improve daily work of Development and Operations, by converting
local knowledge and expertise into global knowledge which can be used by the
entire organization. By exposing experience, knowledge and ideas to others, or-
ganizations can foster a culture of sharing, hence leverage knowledge that exists
internally within a company and use it to faster detect and solve business critical
problems (Hüttermann 2012).

2.2.5 Adopting DevOps

DevOps is an emerging concept and currently there are very few research arti-
cles describing the challenges of adoption DevOps from the practitioner’s point
of view. Instead, most of today’s research describes the challenges that DevOps
aims to overcome and not the challenges faced by practitioners during the adop-
tion processes. First, this section will provide an overview of the challenges of
adopting DevOps. Thereafter this section provides the reader with information
about how the adoption relates to the financial sector, and finally presents how it
affects the role of a software developer.

According to Taft (2019) the main challenge of adopting DevOps is not a technical
challenge, rather it is about cultural change. Thus, Perera et al. (2016) claim that it
can be challenging to get all involved parties to pursue towards a common goal,
since the departments associated with the SDLC, traditionally have their own
goals and priorities, which may be in conflict with each other. Changing cultural
patterns within organizations is a complex process since each organization has a
unique culture with different conditions (Walls 2013).



CHAPTER 2. THEORY 26

Hering (2018) argue that it is challenging to change the mindset of developers
when adopting DevOps. Developers have to take on tasks that they are not ac-
customed to and can have objections about accepting new areas of responsibility
such as being on call and managing operational matters. Thus, people have to re-
assess their established roles since responsibilities shift and roles merge (Riungu-
Kalliosaari et al. 2016). Changing people’s behavior can be difficult, because peo-
ple are comfortable and like to do what they have always done, and they might
be exposed to a profound corporate culture (Riungu-Kalliosaari et al. 2016, Perera
et al. 2016). According to Perera et al. (2016) it is a challenge for the higher man-
agement to change people’s thinking into a positive perception and this change
can take some time. Riungu-Kalliosaari et al. (2016) says that the organizations
also have to be open-minded and willing to change the corporate culture in order
to fit the DevOps ideal.

Transformation requires a form of management buy-in for an organizational trans-
formation to become real, and according to Davis (2016), management is con-
cerned about for how long the transformation will go on. Davis (2016) describes
DevOps as an ongoing process, it is not a destination, it is a journey. Some parts
will have a fixed end point, such as configuring tools and setting up systems, but
the ongoing development and maintenance will continue. Since DevOps is for
the most part about cultural change, it is difficult to predict, for example, how
long it takes for people to break old habits and replace them with new habits
(Davis 2016). Virmani (2015) believes that an organizational change aimed at im-
plementing DevOps takes time and any attempts to haste the process can lead to
poor results.

The development teams will be busy because they need to familiarize themselves
with new tools, technologies and methods, in parallel with performing their daily
tasks (Jones et al. 2016). This in turn leads to high initial cost, with limited produc-
tivity at the beginning of the DevOps transition. Since the effect of the transition
may not be visibly for months or even longer, some of the management hesitate
or are unwilling to be supportive (Perera et al. 2016). The lack of support from
senior management was considered a major challenge and reported to under-
mine effective implementation of DevOps (Jones et al. 2016). Senior management
needs to be convinced about the benefits of the DevOps initiative to be supportive
and to implement DevOps throughout the organization. Consequently, the gap
of support as well as competence of DevOps from senior management prevents
the development teams from carrying out the adoption process in an effective
manner (Jones et al. 2016).

Furthermore, according to Stahl et al. (2017), neither practitioners nor academies
have found a common understanding of what DevOps represents. Riungu-Kalliosaari
et al. (2016) argue that there exists some agreement about certain characteristics
of DevOps, but the essence of DevOps is still somewhat unclear. As a result, prac-
titioners find it difficult to know which DevOps principles or practices to use and
to adopt (Riungu-Kalliosaari et al. 2016). Dyck et al. (2015) argue that most defini-



CHAPTER 2. THEORY 27

tions of DevOps are either inadequate or wrong. The authors state the importance
of a unified definition of DevOps and that organizations tend to talk about release
engineers when mentioning DevOps, which further increase the confusion of the
adoption of DevOps. In addition, Riungu-Kalliosaari et al. (2016) claim that in
previous years the principles of DevOps have shifted, and new types of tech-
nologies and tools related to DevOps continues to emerge, which means that the
challenge is not only that the concept of DevOps is vague but also evolving.

Organizational change is based on the fact that the organization has a common vi-
sion, that all members at all levels within the organization know and understand.
It is important that the vision and information about the change is communicated
to reduce the uncertainty and anxiety created by the change (Elving 2005). Ac-
cording to Weick (2000), four measures are needed to create a common vision; en-
gage employees, give them a common goal, create feedback on completed work
and facilitate good communication. Through a common vision, opportunities are
created for employees to understand the organization’s purpose and how it can
be achieved and why change is important (Senge 2000). If a common vision is
not developed or communicated properly, there is a risk that the members of the
organization create different perceptions of the change, which can lead to inter-
nal conflicts and misunderstandings (Cohen 2000). Phillips et al. (2014) describe
that the entire business should be included in the adoption of DevOps in order to
achieve a more uniform change within the organization. This may mean that de-
partments such as HR (Human Resources) learn the meaning of DevOps in order
to improve the recruitment processes to find the right people, with the right skill
sets (Phillips et al. 2014).

In addition, Farroha & Farroha (2014) mention that since DevOps is a fairly new
concept, it is difficult to find people who have sufficient amount of knowledge
or experience to fully support the implementation of DevOps. For that reason,
the lack of people with experience and expertise within DevOps is a challenge
(Perera et al. 2016). To manage the lack of expertise and experience within De-
vOps, according to Jones et al. (2016), the existing teams, both development and
operations teams have to extend their expertise and learn new type of tools and
technology.

However, Freeman (2019) points out that imposing people to take on new ar-
eas and building a DevOps culture is challenging because it requires people to
change, and there are those who do not want to change. Walls (2013) explains that
people possess prejudices, past experiences and preconceived thoughts which
has to be taken into consideration when trying to change people’s mindset. Per-
era et al. (2016), argue that introducing new or changing existing processes is
likely to cause resistance of change, and Freeman (2019) suggest that those who
are not willing to adopt the DevOps culture, may need to be repositioned.

Moreover, Jones et al. (2016) claim that another challenge when adopting DevOps
is to manage IT legacy systems that is highly coupled. Because of the legacy sys-
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tems and their business-critical nature, these systems have been kept intact and
the organization have to run it in parallel with the implementation of DevOps.
Consequently, teams have to allocate time to maintain the legacy system, rather
than addressing the DevOps concept (Jones et al. 2016). To support a variety
of DevOps practices such as CD, software architects, may have to redesign and
decouple the architecture of legacy systems and applications (Shahin 2015).

Davis (2016) claim that management can facilitate the implementation of DevOps
by contributing with resources to the teams that goes through the change process.
This will devote time and space for teams to adapt to get familiar with and try out
new technical tools, methods and processes that facilitate the change work. In ad-
dition to resources, Walls (2013) describes how ambassadors within DevOps can
facilitate the change process, where the ambassador is a person or team of people.
In addition to resources, Walls (2013) proposes that organizations should use De-
vOps ambassadors to facilitate the change process. The ambassador is a person or
a team of people, and the ambassador’s role is to act as a mentor and as a sound-
ing board about issues related to DevOps. In addition, an ambassador should
advocate DevOps in their daily work and ensure that the DevOps philosophy is
spread throughout the organization (Walls 2013).

Furthermore, Walls (2013) also suggest when moving to DevOps, initiate the
adoption processes with a pilot project in order to identify possible risks and ver-
ify how the transition affects the software delivery process. Firstly, Walls suggest
to start with a project team with a long history of working successfully together
and that is collocated, because if a team is scattered in different geographical
locations, communication is hampered because of different time zones and com-
munication cannot be done in person (J. Smeds & Porres 2015). Secondly, the pilot
team needs to select an appropriate pilot application, however selecting a good
candidate is difficult. According to Walls (2013) most importantly, the application
should not be business critical, too large or too small since it is easy to dismiss a
small pilot project.

Adopting DevOps in the Financial Sector

The financial industry were one of the earliest adopters of information technol-
ogy, thus leaving organizations such as banks with legacy systems not devel-
oped and design for iterative and rapid change (Bird 2015). Esterik-Plasmeijer &
Raaij (2017) state that the banking sector is heavily dependent on trust and loy-
alty which includes stability as one of its fundamental concepts. In this regulated
industry, individual organizations remain responsible for the robustness and per-
formance of the technologies they operate, as well as technical failures that can
lead to negative publicity and extensive fines (Gozman & Mangan 2017). Thus,
organizations within the financial industry must be able to remain reliable with
stable systems, capable of handling several millions of transactions per second,
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where nanosecond precision is necessary (Bird 2015).

According to Bird (2015), there are several reasons and challenges that holds back
the adoption of DevOps in the financial industry, that organizations have to over-
come:

• Culture: Mindset and how to approach risk and failure.

• Interdependency: Interdependencies between systems.

• Legacy: Legacy system, controls and technology.

• Regulation: Regulatory compliance and requirements.

• Security: Security threats and risks.

Many large financial institutions and banks are still using systems that is near the
end of life such as mainframe computers running business-critical applications
using obsolete programming language like COBOL (Bird 2015). Accordingly,
these legacy systems do not support iterative and rapid change or deployment.
Thus, operation and deployment become complex and risky. Furthermore, finan-
cial systems process immense amount of transactions across various systems and
these systems are interlinked with internal and external systems that were not
necessarily designed to be linked with each other. Thus increasing the risk of fail-
ure along the chain of systems, since these systems are constantly being changed
for different reasons (Bird 2015).

DevOps is about culture, i.e. encourage a mindset where trying and failing is
acceptable in order to foster a culture of continuous learning. However, accord-
ing to Bird (2015) within the financial industry failure is not as accepted. Instead,
stability is prioritized, customers and regulators are sensitive and do not appre-
ciate that systems break. Instead, financial organizations spend resources trying
to prevent errors from occurring. Regulatory compliance is one way of trying to
prevent failures, which has impacts on the software delivery process e.g. system
design, requirements, testing, and operations (Bird 2015). According to Freeman
(2019), regulated industries have an overall need for controls in order to ensure
compliance. Freeman (2019) further state that manual gates or checkpoints will
always be a part of organizations in regulated industries, however these practices
are not inconsistent with DevOps.

In the financial industry, software changes are often required due to changes in
regulations, financial instruments, business strategies, technological innovations
or markets. Thus, dealing with a regulated bank entail lots of change and calls
for efficient way of working with software development. Hence, there is a need
to change, update and maintain software continuously in order to keep up with
the pace of post financial crisis regulation (Gozman & Mangan 2017). In order
to comply with regulatory requirements, organizations tend to separate duties,
e.g. separating responsibilities between developers and operations engineers.
This is done to ensure data integrity and confidentiality, i.e. that sensitive data
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and configuration cannot be viewed or altered by unauthorized individuals (Bird
2015).

Furthermore, financial firms are constantly targets for cyber-attacks because of
their immense amount of assets and valuable customer data. Accordingly, these
threats increase as financial firms opens up to external parties and internet. In
order to manage the increased risk, financial organizations tend to embrace the
Waterfall model, by implementing stage gate reviews, which provides the orga-
nizations the opportunity and time to carry out security checks, ways to control
projects and system changes (Bird 2015).

Evolving the role of a developer

Implementing the concept of DevOps mean that operational ownership is dis-
tributed to the development teams and this affects the traditional role of a soft-
ware developer. Developers are now to be expected and encouraged to own the
entire life cycle of an application, thus develop software, bring it to production
and maintaining it (Kim et al. 2016). Development is no longer just about writing
code and handing it over to operations personnel who deploys the developers
changes to production. Figure 2.8 represents the areas that a developer, operator
and DevOps engineer have to govern and manage. In addition to the develop-
ment phases, developers have to be familiar with how to deploy their applica-
tions to production, how to operate, maintain and monitor them at runtime. Fur-
thermore, maintain their applications throughout its lifetime, know how to con-
figure the deployment environment, production infrastructure, and understand
how much resources (CPU and memory) that needs to be allocated (Hüttermann
2012). This places great expectations on each individual developer in terms of
skills and competence they need to acquire.

In Feitelson et al. (2013) study on Development and Deployment at Facebook, the
authors saw that a culture where developers themselves take personal responsi-
bility for their code, and a culture of shared responsibility for the product, was
critical for a DevOps organization. Rodríguez et al. (2016) also found that De-
vOps and especially Continuous Deployment entail greater responsibilities for
developer. The authors encourage developers to be responsible for the applica-
tions quality during the entire application life cycle: quality of the code, quality
of the tests and the quality of the operation (Rodríguez et al. 2016).
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Figure 2.8: Representation of the responsibilities included in the role of a devel-
oper, an operator and a DevOps engineer.

The type of skill sets a developer needs to acquire often refers to a full stack en-
gineer, which has a general level of understanding within the entire application
stack, e.g. writing application code, managing and configuring databases, oper-
ating systems, networks and servers (Kim et al. 2016). According to Uhlenbrook
& Jong (2012) and Phipps (2012), in order to be able to adapt in an ever-changing
environment and to have an understanding of the entire application stack, it is
not enough to be just a generalist or specialist. Kim et al. (2016) believe in engi-
neers who have specialized in-depth knowledge within one area and being able
to contribute in multiple areas of the value stream. This type of competence is
referred to T-shaped, shown in Figure 2.9. The vertical leg represent in-depth
knowledge within one area, while the horizontal bar allow employees to create
a fundamental understanding between different fields outside their specialized
domain (Mollinga 2009, Oskam 2009).

According to Kim et al. (2016) having a breadth and depth of knowledge im-
proves the flow of work by removing dependencies, handoffs and reducing lead
time. Additionally, Iansiti (2014) writes that the characteristics of a T-shaped pro-
file is favorable in groups as they have a basic understanding of other disciplines
which is crucial for successful group work. Kim et al. (2016) suggest that organi-
zations should develop T-shaped people by rotating employees through different
roles in order to get familiar with a breadth of disciplines and at the same time
preserve its depth of knowledge.
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Figure 2.9: Representation of different shapes of competencies.



Chapter 3

Method

This chapter describes and explains the methods used throughout the research process and
why they were of relevance. Firstly, the choice of research design is explained, secondly,
this chapter presents the chosen data collection methods. Thirdly, the quality of research
is presented, and finally, the last section describes the ethical aspects of this study.

3.1 Research design

A research design is the set of procedures and methods used to collect and an-
alyze measures in order to find answers to the research questions, research pur-
pose and conclusions (Yin 2009). When deciding upon an appropriate research
design, the decision should be based on what type of empirics (explanans) that
will help to scrutinize the phenomenon of interest (explanandum) (Blomkvist &
Hallin 2015). In order to identify empirics (explanans) to scrutinize the challenges
of adopting DevOps (explanandum), qualitative empirical data was used based
on interpretation and experiences from real-life events. Hence, a single case study
was embraced since a case study provides a more hands-on connection to the
real life by gathering rich empirical material as the complexity of reality is cap-
tured (Blomkvist & Hallin 2015). A case study approach is suitable as a research
method because this study intend to investigate and identify the main challenges
of adopting DevOps with the use of qualitative data. Furthermore, the concept
of DevOps is an emerging concept and it is relatively uncharted by previous re-
search, especially challenges related to the adoption of DevOps and what type of
challenges the development teams encountered. Since the concept of DevOps is
emerging and relatively uncharted by previous research, the type of case study
adopted in this research study was an exploratory case study. This type of case
study, is often applied when exploring a relatively new field in the scientific area
(Streb 2010, Yin 2009, Blomkvist & Hallin 2015).

Despite the popularity of the case study approach, it has its critics who question
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its part in science. The criticism observes the case study of being subjective and
primitive, because it uses empirical material from an individual case (explanans)
to say something about a phenomenon (explanandum), despite that observations
can differ between cases (Blomkvist & Hallin 2015). Flyvbjerg (2006) claims that
most critics believe that reliability and validity are difficult to achieve through a
case study. Murphy (2014) states that the recommendations and results provided
by case studies cannot be confirmed or denied in terms of truth or usefulness.
Stake (1978) believes that a case study is not generalizable, and Soy (1997) argues
that one or a few cases cannot provide any reasons for establishing generaliz-
able results or conclusions. To counter this criticism, Guba (1981) criteria’s for
assessing quality of research was taken into account. The criteria consist of: cred-
ibility, transferability, dependability, confirmability (Guba 1981). These aspects
of research quality were considered throughout the study, in order to reduce the
possibility of low qualitative research and instead present findings that are trust-
worthy and non-trivial (See section 3.3 for more information about conducted
research quality). Despite the negative aspects of the case study as a research
approach, the researcher considers that the strengths conquer the disadvantages
and therefore an exploratory case study was be used throughout this study.

During this study, an inductive research approach was embraced as it is favorable
when the outcome depends deeply on empirical data. Furthermore, the induc-
tive research approach makes it possible to iteratively and continuously exploit
empirics and theory in parallel with the analysis work (Blomkvist & Hallin 2015).
Thus, frequently increasing the understanding of the material between existing
theory and collected empirics, hence potentially increasing the credibility and va-
lidity of the analysis (Miles et al. 1978).

The research processes, illustrated in Figure 3.1, was based on a pilot study fol-
lowing by the main study. The pilot study was a small-scale, preliminary study
with the purpose to investigate and identify relevant research areas which could
be of interest to further investigate in the main study. When the pilot study had
accomplished to identify a preliminary problematization, the main study began
by further developing the problem formulation and the formulation of the re-
search purpose and research questions. The problem formulation, purpose and
research questions were revised continuously throughout the research process.
Furthermore, the literature review was conducted continuously throughout the
entire research process, with the aim to find relevant and reliable research papers
that could be used in the study. In addition, the empirical data gathered from the
pilot study, main study and the literature review were analyzed in two rounds.
The first round immediately after the pilot study and the second round just after
the main study.
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Figure 3.1: Illustrative scheme of the research process.

3.2 Data collection

Empirical material and data were collected through secondary and primary sources
to strengthen the research process, in order to answer the research question. Pri-
mary sources such as interviews were used to gather rich empirical data and
fundamentals about the phenomenon in order to observe and identify patterns,
relationships, similarities and regularity between literature and perceived expe-
riences. While secondary sources such as, academic reports, books and journals
were collected to act as a basis of knowledge of the research area and to interpret
the problematization of the phenomenon. The collection process for secondary
sources was done iteratively and continuously throughout the research process,
while primary sources were collected in two rounds (pilot study, main study)
through interviews, see Figure 3.1.

3.2.1 Literature review

A literature review was conducted with the aim to gain domain knowledge and
practices related to the concept of DevOps. This was done by reading upon the
existing literature in order to gain a deeper understanding of the concepts and
to be able to contribute to the existing literature. Since DevOps is an emerg-
ing concept, the literature review was carried out continuously throughout the
research process, with the aim of finding relevant and reliable research papers
that could contribute with essential knowledge to this research. By continuously
reading upon the current literature, it was possible to discover potential gaps be-
tween literature and practice, but also made it possible to make adjustments to
the problem formulation, purpose and research issues.
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Search process

The gathering of relevant literature concerning DevOps was primarily discovered
in books or articles. The reason for this was that the concept of DevOps has not
been discussed frequently in academic literature (Erich et al. 2014), even though
DevOps is widely used in the industry (Hüttermann 2012). The literature was
retrieved through databases such as ACM Digital Library, Google Scholar, Web
of Science, Springer Link and IEEE Xplore Digital Library. The gathered literature
was read through and examined, whereby its sources were also inspected to find
relevant concepts and knowledge related to DevOps.

Search term

The literature review was delimited to scrutinize research published after 2009,
when the concept of DevOps was introduced. According to Levy & Ellis (2006),
it is preferable to use keywords to find a wide range of literature, but also to
add different search terms to delimit the search for relevant literature. The search
terms, keywords used in the literature review were: “DevOps”, “Dev and Ops”,
“Development and Operation”. In addition, alternative search terms such as Chal-
lenges, Problem, Risk and Threat were added to cover as many relevant articles as
possible.

Search criteria

Inclusive and exclusive search criteria were developed and used to reduce and
delimit the number of research material, see Table 3.1. The research that did not
satisfy the inclusion criteria (IC) were excluded. Additionally, a high number of
citations increased the reliability of the selected source.

Inclusion Criteria (IC)
IC1 Academic report, books, journals and technical papers
IC2 Publications after year 2009 (The year DevOps was coined)
IC3 Written in English

Exclusion Criteria (EC)
EC1 Not possible to access source
EC2 Irrelevant content

Table 3.1: Inclusive (IC) and exclusive (EC) criteria used throughout the literature
review.
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3.2.2 Interview methodology

One of the most common methods used to gathering empirical material in qual-
itative social science research is through interviews. According to Blomkvist &
Hallin (2015), the possible cause of its popularity is its ability to collect rich em-
pirical data with relatively simple means. Collecting empirical data through in-
terviews was considered appropriate in this research as it enables a deeper under-
standing of the challenges of adopting DevOps and what potential organizational
effects it may lead to. The data collection of primary sources was collected dur-
ing two sessions, first a pilot study following by the main study. Open-ended
interview questions were used during both the pilot and main study to facilitate
the opportunity to obtain rich empirical data. In addition, open-ended interview
questions provides valuable opportunities to frame unexpected discoveries, and
the possibility to pose new and different questions, which is an essential element
of qualitative research (Blomkvist & Hallin 2015). The different types of inter-
views in qualitative research can either be unstructured, semi-structured or struc-
tured. The unstructured approach was used during the pilot study and semi-
structured interview were used during the main study. Furthermore, according
to Blomkvist & Hallin (2015) the type of interview questions can be divided into
four different phases: introductory, probing, interpreting and specifying. These
types of questions are listed below and were used throughout this research.

1. Introductory - Start the interview with broad and open questions with the in-
tention of generating spontaneous rich descriptions.

2. Probing - Follow up with questions to clarify both agreements and contradic-
tions.

3. Interpreting - Seek clarification on what the respondent meant by rephrasing
questions and answers to obtain better understanding.

4. Specifying - Explore concrete and precise answers and examples by asking
questions concerning specific reactions or responses that occurred during
the interview.

Moreover, various techniques were used to enhance the interplay and increase
the possibility of further deep and detailed answers. Silence were exploited to
allow for reflection and association, as a mean to push the interview forward.
This was done by following up on what the respondent said by saying "mmm"
and nodding in agreement, repeating what the respondent said or by being com-
pletely silent. Being silent tempts the respondents to extend their answers, pro-
viding the informant with time to reflect (Blomkvist & Hallin 2015). The inter-
views were ended by asking the informants, which question should I have asked,
with the intention to improve the forthcoming interviews. Thus, allowing the
respondents to reflect upon the subject and potential disregarded questions that
could enhance the outcome of the study.
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Pilot study

The purpose of the pilot study was to gain a general understanding of the key
challenges of adopting DevOps and to determine the scope and direction of the
study. According to Blomkvist & Hallin (2015), it may be useful to conduct in-
terviews at the beginning of a research process as it can help to adjust or refine
the problematization that the thesis aims to investigate. The interviews were con-
ducted through an unstructured approach, thus most of the questions that were
asked during the interview were not written down in advance, instead formu-
lated during the interview as follow-up questions.

The interviews were conducted with five employees from Case Company, with
experience and insights about the transition from separating Development (Dev)
and Operations (Ops) to merging Dev and Ops into DevOps. The selection of
the informants was made together with representatives from Case Company and
the informants belong to different development teams and departments within
the organization to provide a broad description of the challenges of adopting De-
vOps. Furthermore, the criteria for selection of participants are presented in Table
3.3. In addition, see Table 3.2 for information on the duration of the interviews,
the dates and the informant’s role descriptions.

Interview
number

Role Date Duration

A1 Software Developer 2019-02-11 25 min
B1 Software Developer 2019-02-11 40 min
C1 Software Developer 2019-02-14 20 min
D1 Software Developer 2019-02-15 40 min
E1 Software Developer 2019-02-15 25 min

Table 3.2: Information about the interview candidates of the main study.

Main study

The aim of the main study was to gain a deep understanding of what type of chal-
lenges the development teams encounters during the adoption of DevOps. The
most common interview methodology is semi-structured interviews, which was
utilized during the main study. According to Blomkvist & Hallin (2015) the semi-
structured interview questions are determined in advance and written down in
an interview guide, organized around the topics of the research. In addition, Col-
lis & Hussey (2013) write that semi-structured interviews allow researchers to ask
follow-up questions during the interview, which can lead to more detailed and
rich empirical data.

The selection of the informants was made together with representatives from
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Case Company and the informants belong to different development teams and
departments within the organization to provide a broad description of the chal-
lenges of adopting DevOps. Table 3.3 presents the selection criteria that were
used to identify suitable interview candidates, and each candidate had to fulfill
these criteria to participate in this study. In total, 16 candidates were selected
to participate in the main study. See Table 3.4 for more information about the
duration of the interviews, dates and the informant’s roles.

Criteria number Criteria description

1 Part of a Development team
2 Experience of separating Development and Operations
3 Been part of the transitioning to DevOps
4 Exploiting the concept of DevOps in daily work

Table 3.3: The criteria for selection of participants to the pilot study.

The informants were informed a few days in advance regarding the aim of the
interview and its topic to allow the participants to reflect on the subject. The in-
terviews were recorded to concentrate on the respondents and to ask follow-up
questions instead of taking notes. This enabled post-treatment of the interviews
to clarify misinterpretations. In addition, by recording the interviews, the inter-
views could be transcribed and categorized into several categories which later
could be used for analysis. Furthermore, all interviews were held face to face at
the Case Company’s facilities.
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Interview
number

Role Date Duration

F1 Software Developer 2019-03-18 35 min
G1 Software Developer 2019-03-18 50 min
H1 Software Developer 2019-03-19 60 min
I1 Software Developer 2019-03-19 50 min
J1 Software Developer 2019-03-20 35 min
K1 Software Developer 2019-03-20 35 min
L1 Software Developer 2019-03-21 30 min
M1 Software Developer 2019-03-25 50 min
N1 Software Developer 2019-04-03 45 min
O1 Service Responsible 2019-04-05 50 min
P1 Service Responsible 2019-04-08 55 min
Q1 Scrum Master 2019-04-10 35 min
R1 Scrum Master 2019-04-11 40 min
S1 Service Responsible 2019-04-11 30 min
T1 Team Manager 2019-04-15 35 min
T2 Team Manager 2019-04-15 35 min

Table 3.4: Information about the interview candidates of the main study.

Analysis method

After the interviews, the obtained empirical material was transcribed and sepa-
rated into categories depending on the denotation of the answer. This is referred
to thematic analysis and this type of analysis was used to analyze the gathered
material. The empirics were sorted into categories to enable a broad and deep
understanding and reflection of the empirical data. According to Blomkvist &
Hallin (2015) and Yin (2009) thematic analysis is a common way of analyzing
qualitative empirics in social science and the thematic analysis entails the use of
categories, where the gathered empirical is sorted into categories. However, the
categorization of empirical data is dependent on the researcher’s knowledge and
experiences, which allow for interpretations, that might reduce the reproducibil-
ity of the research.

Furthermore, according to Blomkvist & Hallin (2015) empirical material collected
during unstructured and semi-structured interviews can be scrutinized in two
ways. Either the empirical material is considered of being the truth, or the empir-
ical material is considered as documentation obtained rather than complete truth
(Blomkvist & Hallin 2015). The latter case is favorable and exploited in this study,
because it intends to look for complexity and multiplicity. This view strives to be
impartial rather than striving for objectivity, thus aim to be inquisitively critical in
every part of the process, even if the interviewer is polite and pleasant in contact
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with the respondents.

3.3 Quality of Research

In order to conduct research of high quality, Guba (1981) criteria’s for assessing
quality of research was taken into account. Patton (2001) describes the inten-
tion of qualitative research as an approach that aims to understand and generate
results that occur from real-world settings where the "phenomenon of interest
develops naturally" (Patton 2001, p.39). Blomkvist & Hallin (2015) writes that
scientific work has to be logically consistent, thus based on a problematization,
the research is conducted independently, critically and systematically in order to
attain reproducibility and impartiality in the interpretation of the empirical ma-
terial. These criteria relate to scientific legitimacy and associate with the quality
of the scientific work.

In scientific work, assessing the quality refers to the principles of validity and
reliability. Blomkvist & Hallin (2015) describes validity as examining the right
thing, while reliability seek to examine it in the right way. In addition, Denzin
(1973) propose triangulation as a method to avoid bias that potential arise from
single observer to insure greater reliability of the research. Qualitative research is
generally questioned concerning its trustworthiness, because it does not address
the notion of validity in the same way as in naturalistic work (Shenton 2004).
However, Guba (1981) suggest four different criteria that need be considered in
order to attain trustworthiness in qualitative research, see Table 3.5. These as-
pect of research quality was considered throughout the study, in order to reduce
the possibility of low qualitative research and instead present findings that are
trustworthy and non-trivial. The criteria consist of: credibility (in preference to
internal validity), transferability (in preference to external validity/generalizabil-
ity), dependability (in preference to reliability), confirmability (in preference to
objectivity) (Guba 1981).

Quality Mea-
sure

Undertaken Action
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Credibility (in-
ternal validity)

The literature study was based on secondary sources
from legitimate and established search engines such
as Google scholar, Springer Link and IEEE. To achieve
credibility, triangulation of sources was used in the lit-
erature study to eliminate bias and increase trustwor-
thiness. The participants of this study received prior
information on the subject and the interview struc-
ture, and during the interviews, follow-up questions
were used to clarify both agreements and contradic-
tions. In addition, citations were used in the chapter,
findings and analysis, to give a correct description of
the context.

Transferability
(external valid-
ity/generaliz-
ability)

Empirical evidence was collected from a single-case
study, and to obtain external validity and generaliz-
ability, the report tries to generalize the findings and
recommendations, and reduce context-based results
that is applicable in similar contexts. Furthermore, an-
other way of achieving external validity was through
differentiation, collecting data from different business
units within the organization. The collected empiri-
cal material was triangulated in order to attain valid-
ity. The interviews were semi-structured interviews,
the interviews were transcribed and varied between
30 and 60 minutes.

Dependability
(reliability)

In order to obtain reliability, this research aim to min-
imize biases and errors. Based on the problemati-
zation, this research was conducted independently,
critically and systematically in order to attain repro-
ducibility and impartiality in the interpretation of the
empirical material. The purpose was clarified through
numerous iterations with the help of relevant meth-
ods and theories and formulated into several research
questions.
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Confirmability
(objectivity)

Research is general influenced by the researchers’ as-
sumptions, prejudices and beliefs. These aspects are
not entirely inevitable but can be counteracted by ob-
jectivity and effective triangulation. To fulfill objectiv-
ity, evidence and facts were used as verification, fo-
cusing on being as neutral as possible by using facts,
statistics and research. In addition, information pre-
sented in a way that allows the reader to perceive and
draw their own conclusions. In order not to exagger-
ate, strong words such as "always" and "never" were
avoided, and words of a more neutral meaning were
used instead. Furthermore, words such as "I" and "we"
were avoided to maintain professionalism and less fo-
cus on the researcher.

Table 3.5: Table representing the Conducted Research Taken; Credibility, Trans-
ferability, Dependability and Confirmability.

In addition, this study was conducted within a time frame of 4 months, and the
sample size of 20 interviews, 5 unstructured and 15 structured interviews. The
time limit and the sample size of interviews may have implications on the re-
search reliability and validity.
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3.4 Ethics

Considering research ethics in the research processes is essential. To be able to
act in a correct ethically way, there are requirements that researchers who want
to study a social science phenomenon need to fulfill. Blomkvist & Hallin (2015)
presents the Swedish Research Council’s four principal requirements that needs
to be included in order to act in an ethical manner. These principles are listed
below (Swedish Research Council 2017).

The information requirement: Participants need to be informed of the purpose
of the research.

The consent requirement: Participants have to agree to be studied.

The confidential requirement: The collected material have to be treated confi-
dentiality, i.e. the organizations and the individual participants may need
to be kept anonymous or refrained if used in the research paper, in order
not to reveal their identity.

The good use requirement: The collected material should only be used for the
purpose that was stated when collecting the material.

These four principles were taking into consideration throughout the research pro-
cess. All participants were informed about the purpose of the study in advance.
The participants had to approve their involvement in order to participate, and the
gathered material was only used in the way as it was stated to the participants.
The collected material was stored in a private and isolated setting and treated in a
confidential manner. Thus, the material was not shared without permission from
the owner of the material. Additionally, to maintain confidentiality against the
Case Company, the organization was referred as the Case Company. This was
done so that the organization cannot be identified. In addition, ethics adhering to
the norms of scientific work were also taken into consideration when presenting
the work in spoken language. Thus, impartiality was sought during the research
process.
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Empirical context

This chapter describes the contextual information needed to understand the empirical
analysis in this study. Thus, the main purpose of this chapter is to familiarize the reader
with the organizational context being studied.

4.1 Case Company

The Case Company is a leading Nordic financial group, with the majority of its
activities in the Nordic and the Baltic regions where they offer financial advice
and a wide range of financial services. In early 2016, Case Company started an
initiative with the aim to enable Continuous Deployment (CD) of software func-
tionality to its users. The intention was to be able to quickly release new software
changes to customers in a sustainable manner, and by being able to release soft-
ware changes fast and frequently, it allows an organization to quickly adapt to
changes in customer behavior and expectations. In addition, the adoption of CD
meant that the Case Company had to change their existing way of working with
delivery of software. Previously, the Case Company separated the practices of
Development and Operations into separate functions. However, it prevented the
opportunities that Continuous Deployment (CD) offers and that is why the con-
cept of DevOps was adopted.

4.2 DevOps at Case Company

Traditionally the Case Company segregated the roles and responsibilities of De-
velopment and Operation into different departments. The development teams
were responsible for the development phase of the software delivery pipeline:
plan, code, build, test and release. Thereafter, the development team’s handover
their software applications to the operation teams, who has the responsibility to
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deploy, operate and maintain the organization’s IT services. This meant that the
development teams were dependent of the operational teams in order to deploy
new software to production, and this was considered to slow down the software
delivery process. However, with the adoption of DevOps, the operational re-
sponsibilities: deploy, operate and monitor, are decentralized to the development
teams. Thus, the development teams are responsible for both the development
and operational part of the software delivery process and has to both develop
and operate their own IT services. Nevertheless, the responsibilities of the op-
eration teams still remains as important as before. Instead of operations doing
work that comes from manual handovers, the operations teams are now engaged
in product development, where the product could be a platform or infrastructure
that the developers use to safely, quickly, and securely test, deploy, and run their
IT services in production.

4.3 Organizational structure

This study was held at the Case Company’s office located in Stockholm, Sweden,
and conducted at the Case Company’s IT department, called Business Support.
There are seven subdivision under Business Support with direct and indirect rel-
evance to IT, spanning from divisions such as IT security, IT Services (ITS) and
IT Solution Delivery (ISD). The participants were all located at the IT Solution
Delivery (ISD) division, responsible to develop and deliver IT solutions in forms
of applications, systems and services. Furthermore, the researcher was located at
the IT Services (ITS) division. The ITS division has an operative function, sup-
porting and maintaining the IT services and systems that are delivered from ISD.
Moreover, automation improvement and infrastructure management are also key
operation areas within ITS.
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Findings and analysis

This chapter analyzes the collected empirical findings derived from the pilot and main
study. In total, four main challenges and fourteen sub-challenges were identified when
adopting DevOps. These challenges are presented in this chapter.

5.1 Lack of Awareness

Lack of a clear definition was considered a major challenge in the implementa-
tion of DevOps. The majority of the interviewees argued that there exists no clear
definition of DevOps, neither by practitioners, academia or even an own interpre-
tation within the organization. In addition, the interviewees perceived that there
was a lack of direction, guidance and an onboarding strategic plan that spreads
the knowledge to all levels of the organization. This was considered to create
confusion and uncertainty in the adoption process.

5.1.1 Maturity of the Concept

Several interviewees perceived uncertainty and confusion during the adoption
DevOps because neither academia, practitioner nor the Case Company had es-
tablished their own interpretation of DevOps which meant that the develop-
ment teams had no unified definition to guide them through the adoption of
DevOps.

Furthermore, DevOps is considered a buzzword which according to some of
the interviewees tends to create frustration for developers. Buzzwords are of-
ten words that try to refine reality and R1 state that, "It’s a buzzword, you hear it
all the time, but people do not know what the definition is." P1 says that different
kinds of terms are frequently used to describe DevOps.

47
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I1 state that a common misconception about DevOps is that it is a product or a
tool. Several of the interviewees confirm this view by saying that they interpret
DevOps as learning a new tool or by using a new product. I1 argues that the rea-
son for their lack of awareness is because the organization has not communicated
their interpretation of DevOps.

Another misconception is the introduction of a DevOps role or DevOps person
which is responsible for both development but mainly responsible for the opera-
tional task, such as managing application servers, maintenance and monitoring.
Companies are trying to capitalize on DevOps as a buzzword by selling it as a
role despite that it is mainly a cultural change and mindset. I1 state that:

"DevOps is not a role, it is an antipattern when DevOps is a role, and then you are back
to the old mentality when we separated development and operations. For instance, a

database person that only manage databases." - I1

P1 state that this is not what development teams should strive for, because it
creates dependencies that slows down the software development process. In-
stead, I1 claim that DevOps is a philosophy that everyone within an organization
should adopt.

5.1.2 Lack of Direction

Several interviewees perceived a lack of direction to guide the development teams
throughout the implementation of DevOps. This challenge was considered to
create confusion and uncertainty, especially during the initial stage of the adop-
tion process. Instead, the development teams themselves had to create their own
strategic plan, which was considered to be a comprehensive and demanding pro-
cess. P1 says:

“Each team has to reinvent the wheel and search for information if knowledge and
directions are not shared from a central point.” P1

According to T1 and T2, another challenge is the lack of a common vision and
a strategic onboarding plan, to guide the teams throughout the adoption pro-
cess. In addition, several interviewees mentioned that they would have preferred
to share experience with other teams that have gone through an organizational
change such as DevOps. Furthermore, together create a best practice that the or-
ganization could spread throughout the organization. Additionally, neither team
managers nor developers had been informed how DevOps could affect their de-
partment, team or individual developers. T1 says:

“It has been difficult to not know how this organizational change will affect our
department, such information has not been communicated.” - T1

T1 mention that the lack of information and not knowing how an organizational
change affects the teams, makes it difficult for team managers to plan the change
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process. Furthermore, H1 claim that the lack of directives could lead to decision
anxiety, since it allows the teams to adopt DevOps completely by themselves.
By not having any directives to follow, H1 argues that the quality of the out-
come of an implementation process, depends on the team manager’s ability and
experience to drive organizational changes. Instead, using clear directives and
guidelines makes it easier for the development teams to adopt DevOps.

Several interviewees suggest that organizations should clear misconceptions re-
lated to DevOps by establishing common ways of working and spreading the
knowledge through a DevOps Coach. A person, team or a central unit within the
organization that defines the organizations interpretation of DevOps and strate-
gic onboarding procedures which teams can use as a reference and guidance
throughout the adoption process. Q1 proposes that such an onboarding guidance
should include to establish contact to service desk, control center and training on
how to set up alarm, monitoring and a delivery pipeline. In addition, T1 sug-
gest that this unit should collect experience from all the teams that have pursued
the adoption of DevOps and use this information to prevent future obstacles and
pitfalls.

5.2 Lack of Support for DevOps

Lack of support was considered as the second major challenge when adopting
DevOps. Firstly, lack of managerial support and understanding of the term De-
vOps as well as understanding of the complexity and its scope. Secondly, lack of
time and resources needed to successfully transition to DevOps. Finally, the lack
of team-level support, support needed for the development teams to learn their
new areas of responsibilities.

5.2.1 Lack of Management Support

Lack of managerial support was argued to be one of the challenges when adopt-
ing DevOps. Various interviewees claim that business management generally
does not have an understanding of DevOps, the scope or complexity of such a
change. According to R1 and S1 lack of understanding and support is particu-
larly an obstacle at the beginning of the change process, since it takes time for
management to learn and understand the complexity, usefulness and effect of
what such a change may imply.

I1 argues that the lack of support is based on lack of knowledge, a gap in compe-
tencies and skills between management and IT personnel, additionally I1 argues
that the reason for the gap of competencies is because management and IT per-
sonnel generally have different educational backgrounds. In addition, there is a
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common belief among the interviewees that management has a different men-
tality than the development teams. Management is considered to lack patience
needed to adopt DevOps, that management rather want to develop new features
and focus on visible customer deliverables, instead of improving the develop-
ment team’s current process, method or technical tools. Accordingly, DevOps
is not prioritized since management do not see the business value of adopting
DevOps. R1 says:

“According to management, we have not delivered any business value by implementing
DevOps. But according to us, we have delivered by increasing the speed of releases,

automated manual processes, and so on. For us, it is definitely a delivery, but being able
to market these benefits to those who do not see any value, that is a challenge.” - R1

The desire to deliver daily customer values is mentioned to be more important
than improving technical solutions and ways of working. According to R1, hav-
ing to market and communicate the advantages of DevOps to management is
challenging since the development teams are not accustomed having to promote
an organizational change. Consequently, T1 and T2 says that the development
teams have to convince the management about the long-term effects of DevOps
in order for the management to be supportive and contribute with time and re-
sources. R1 and P1 says:

“Development teams must convince and explain to management how DevOps will save
time and money to get support and allowance.” - R1

“I had to present the business value and inform management about the advantages of
transition to DevOps. It took some time, since business management did not understand
why we had to do this. Business management rather wanted to focus on daily delivery of

new functionality to customers. However, after a while they finally realized the
benefits.” - P1

R1 and O1 mention that the implementation of DevOps took longer than man-
agement expected, which required continued conviction. They further say that
management generally has a short time perspective regarding objectives and pri-
orities, that management believes that the implementation of DevOps is done
within a certain period of time, despite the fact that DevOps is a continuous pro-
cess. O1 says:

“Managers think that we have spent an entire year on implementing DevOps and that
we are done. But this is not the case, it is a continuous process and it needs time,

managers forget that it is a marathon, we cannot stare at the first hundred meters.” - O1

Q1 says that business management wants to implement DevOps, but at the same
time, does not want to contribute with the necessary resources. Q1 further ar-
gues that this is contradictory, that management want transformation, but they
do not want to fund it. In addition, G1 mention that some business managers
are disciplined to participate in daily team meetings since they do not have time
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or interest. Furthermore, Q1 perceive that business management sees DevOps as
something that only IT personnel should deal with.

According to R1, another reasons for the lack of understanding and support is
that the business managers and the development teams do not sit next to each
other during daily operations. This is considered to complicate cooperation and
create misconceptions between management and development teams because the
separation of seating makes it difficult to ask direct questions. N1 claims the lack
of managerial understanding and support is especially a challenge at the begin-
ning of the adoption of DevOps. N1 further says that when management even-
tually realize the effect of DevOps, they tend to be supportive and prioritize this
initiative, because they understand how it affects the entire organization.

R1 suggest that organizations should build commitment and trust by smarter
seating, that management and IT personnel should be seated next to each other
during daily operations. A1 believes that smarter seating has the potential to re-
duce conflict and improve collaboration and communication, because employees
get an insight into the work of others, resulting in greater acceptance and under-
standing of each other.

5.2.2 Lack of Time for Transition

Lack of time allocated to transition to DevOps was considered a challenge. Time
allocated for the development teams to get familiar and learn their new areas of
responsibility, implementing new tools and technology, automate the software
delivery process and at the same time continue to develop new functionality. In
addition, time to adapt or even change the mindset of the employees and the
organizational culture to fit DevOps. O1 says:

“There has not been any transitional time to prepare for DevOps, managers are running
around and saying that you are going to become DevOps, but you have not been given

time to learn the new operational responsibilities” - O1

As mentioned in section 5.2.1, the transition to DevOps has low priority, instead
the focus is to maintain the daily speed of delivery since the business must con-
tinue and the organization do not want to reduce the daily delivery temporary to
implement DevOps. As a result, the teams set aside their own time when oppor-
tunity and spare time exists. F1 says:

“Experience a lack of time to sit down and learn, because at the same time you have the
daily deliveries that should be done as usual. Learning the new while continuing with

daily operations and development.” - F1

O1 argues that there are very few managers willing to set aside time for organi-
zational change, they rather want to focus on short term deliverables and day-to-
day operations. According to S1 the lack of time makes it difficult to carry out an
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organizational change in a pleasant manner.

Several interviewees suggest that organizations should allocate time and resources
to transition to DevOps. O1 and N1 believes that all parties involved in an or-
ganizational change should be assigned necessary time to learn the elements of
DevOps before a potential implementation. T1, T2 and H1 suggest that develop-
ers should be allocated time to implement DevOps technology and have the time
to properly learn new areas of responsibilities. O1 believes that the transition to
DevOps is not effective unless you are given time to learn. N1, R1 and O1 ex-
plains that if teams are not allocated enough time to transition to DevOps, tasks
accumulate, which in turn can lead to technical debt.

5.2.3 Lack of Team-level Support

Lack of support can also be seen on the team level. Change of roles, working
methods and the organizational readiness to support and communicate was men-
tioned as reasons for the lack of team level support. Changes in the role of a de-
veloper was considered perhaps as the most profound challenges according to the
developers that participated in this study. Developers do not only have to take
care of development, but also responsible to deploy, operate, maintain and moni-
tor their own applications. Some development teams are also facing the challenge
of being on call, something that operation personnel were previously responsible
for, and it requires new types of routines for communication and requirements
for renewed knowledge.

T1 and T2 argue that in the event of an organizational change, central support
functions are usually decomposed, e.g. functions that provide support for the op-
erational tasks such as logging and database management. The absence of these
central support functions contributed to lack of team-level support. In addition,
the majority of the interviewees reported that the size of their team remains the
same even though they have more duties and responsibilities, which T1 says is
demanding and that the development teams are generally understaffed.

F1 state that the lack of information, knowledge and support regarding the oper-
ational tasks is challenging for developers. F1 says:

“Generally, there is a lack of team-level support, people to ask, no best practices, finding
answers to these questions is a challenge.” - F1

Moreover, speed is a key element of DevOps and therefore a lack of fast and
direct support was considered to prevent the teams to deliver software rapidly
and frequently. P1 argues that the team-level support needs to be improved in
order to attain the speed that automation and DevOps promises.
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5.3 Implementing DevOps Technology

The third main challenge of adopting DevOps is about implementing DevOps
technology. As mentioned in section 5.1, there is a misconception that DevOps is
just about technology and tools. However, technology and tools are an important
part of DevOps in order to enable automation and concepts such as Continuous
Delivery (CD). The implementation of DevOps technology requires teams to deal
with new type of tools and circumstances and to have automated tests. In addi-
tion, the application infrastructure, interdependency and fragmentation of tools
and practices were other challenges that the teams encountered during the adop-
tion of DevOps.

5.3.1 Automated testing

Several interviewers stated that automation of tests is a challenge. That DevOps
encourages and requires automation of tests to be able to rapidly and frequently
release new software without errors.

A1 explains that when updating code or adding new features, it is necessary to
test the code in order to maintain stability and verify the correctness of the code.
This was said to be something that was done manually before DevOps. A1 says
that manual tests can result in features that are deployed to productions that have
not yet been tested and that this can lead to systems failing. Thus, manual tests
prevent developers from delivering software features in a sustainable way. In
addition, G1 says that despite the necessity of automated tests, there exists com-
plex test cases that make it difficult to automate every single manual test, but
automation of tests in general is essential to maintain stability.

Q1 believes that it takes time to automate manual tests and it is continuous work,
since when the application changes, some tests must also be changed. According
to R1 and O1, there is a lack of time to implement automated tests, consequently
several teams have not had the time to automate their delivery pipeline.

Another challenge mentioned by several interviewees was the attitudes of devel-
opers towards writing automated tests. Developers are responsible for writing
tests, but some developers are not as enthusiastic about it, and according to G1
the reason is that they are either not used to writing tests or they are resistant to
change. Leading by example is one way to combat the reluctant attitude towards
testing. Create tests that other developers can view and learn from and allow de-
velopers to practice writing test through pair-programming and hands-on one-
to-one sessions. However, G1 claims that most developers are willing to attend
courses and participate in forums, but they rarely use it in practical work.
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5.3.2 Managing new type of Tools and Circumstances

Implementing and learning of new types of tools and technology was consid-
ered to be the greatest challenge for the developers. It was not recognized as
a problem, but rather a challenge to learn technology and tools that Operations
previously were responsible to manage. Various respondents state that DevOps
imply that developers have to learn and deal with new types of issues and cir-
cumstances that developers previously outsourced to Operations. K1 says:

“Previously, if I needed a server or a database I had to contact Operations. But now I
have to do everything and it places high demands on me as a developer. A developer is

now more like a plumber, who has to understand the entire delivery process, everything
from writing code to delivering code and maintaining it.” - K1

M1 and D1 mentions that in addition to manage new tools and technologies,
developers must also maintain and ensure that these tools are up-to-date and
configured correctly. It requires developers to set up new types of routines in
order to be able to manage new types of circumstances. F1 says:

“The difference is that we take care of application servers, firewalls, etc., and to ensure
that the servers are up and running we have to set up new routines for how we deal with
potential errors. For instance, a server stops working in the middle of the night, how do

we solve it, who is on call and which people need to be informed.” - F1

According to R1 and F1, the difference between DevOps and separating develop-
ment and operations is that the development teams themselves take care of appli-
cation servers, monitoring, and other operational tasks. The development teams
are themselves responsible for the entire software delivery processes, which ac-
cording to T1 and T2 means that developers need to broaden their competence to
operate a larger area of responsibility. T1 says:

“Developers need to operate more tools and technologies than before, now a developer
needs to operate twice as many tools and technologies.” - T1

To be able to learn new type of tools and circumstances, H1 and P1 suggest orga-
nizations to organize educational training and events to increase competence. E1
says that it is a way of increasing competence, leading by example and spreading
knowledge to enhance the adoption processes of DevOps.

5.3.3 The Application Infrastructure and Interdependency

The type of application infrastructure and interdependencies between systems
was considered to effect to which extent the development teams could exploit
the concept of DevOps. Several interviewees mentioned that IT legacy systems,
such as mainframe, is widely used within the banking industry, and H1 claims
that these systems are not suitable or built for fast and frequent delivery of new
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software features. N1 says that these systems will remain for the foreseeable fu-
ture and that many systems, will continue to communicate and interact with these
systems.

S1 explains that systems are usually interconnected with other systems that to-
gether creates a coherent flow of systems, which represent the technology value
stream. S1 continues and says that some systems are IT legacy that takes care
of business-critical activities, and these dependencies cannot be removed. M1
describes that these dependencies require coordination, that teams have to syn-
chronize with other teams that have a connection to the system being changed.
According to various interviewees, these interconnected systems usually have
different infrastructures, some of these systems are highly-coupled IT legacy sys-
tem which are not susceptible to rapid change. Thus, interdependencies between
system and the maturity of the team’s application infrastructure affects how often
one and another team can release their software.

O1 argues that much of the complexity of deployment activities is due to depen-
dencies on IT legacy system. G1 state that the complexity entails that a team
cannot release a small feature without having to coordinate with other teams. O1
claims that the more systems it is connected to, the more problems it creates. O1
says:

“If I have to talk to five different systems, then it is five times as much problem” - O1

In order to make small incremental releases, several interviewees suggest that
highly coupled systems require change of the architecture, that these systems
should be divided into smaller modules, referred to as microservices. P1 ar-
gues that the idea is to reduce large deployment activities and enable small and
frequent releases to enrich the customer experience. According to G1, the busi-
ness side of the organization does not really care if the systems are microservices
(small sized, loosely coupled system) or monoliths (large-sized, highly-coupled),
instead they care about the ability to quickly change or add functionality. Fur-
thermore, G1 mention that when organizations sees the values of being able to
make small incremental releases, they are willing to allocate time and resources
to break up systems into microservices.

When adopting DevOps, T1 and T2 suggest that development teams should start
the DevOps journey with a non-dependent, small-scale and loosely coupled ap-
plication with low operational risk. T1 and T2 believes that this is a great way to
start the adoption processes in order to learn how to operate the entire software
delivery process.

5.3.4 Fragmentation of tools and practices

Another challenge is the fragmentation of internal information and communica-
tion tools and practices, both within and across teams. Teams use various tools
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and practices to communicate, store and share knowledge between and within
teams. P1 says that there is no central strategic directive or standards about how
information should be shared. P1 believes that due to the lack of directives, teams
themselves have had the possibility to choose and build their own solutions, since
the common tools are considered of being insufficient.

P1 state that fragmentation of tools and practices is a problem, it makes the teams
less efficient because they need to spend time searching for information in dif-
ferent systems and cannot make quick decisions. P1 further argues that the lack
of common tools and best practices is problematic since DevOps require team
to be able to fast access information in order to be autonomous, self-driven and
able to release new functionality rapidly and frequently. In addition, it was men-
tioned that medium and large sized organizations tend to create bureaucratic pro-
cesses that complicate and prevent employees to be able to fast access information
within and across teams, since managers needs to grant access. The combination
of bureaucratic processes and fragmentation of tools and practices was consid-
ered to impede the implementation of DevOps.

To solve this issue, P1 suggest that the organization to establish common tools
and practices, that information is stored and communication is shared in a uni-
form way within and between the different teams. The information should be
easily accessible and contain the information the teams need to be able to manage
both the development and operational side of the software development process.
This will enable information to be uniformly shared within and between teams
to improve communication within the organization.

5.4 Adapting organizational processes to DevOps

DevOps promise to offer flexibility and speed of software delivery. However, or-
ganizational processes might not facilitate the advantage of DevOps. Adapting
organizational processes such as software development methods to DevOps was
mentioned as a challenge in the journey towards DevOps. In addition, organi-
zational culture, mindset, resistance to change, the type of industry and service,
regulatory requirements and team challenges are mentioned as other challenges
that organizations might encounter during the adoption of DevOps.

5.4.1 Mode of Software Development

A common challenge that was mentioned during the interviews was the current
state of the team’s software development methods. As mentioned in section 5.3.3,
since some team systems are interconnected, their type of application infrastruc-
ture affects how often the teams can release new software features into produc-
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tion. However, it is also mentioned that these team’s development methods may
differ from each other and impede the adoption of DevOps.

According to L1 when teams decide to adopt DevOps they should also adopt
Agile methods. L1 believes that many teams say that they work according with
Agile methods, but they actually work according to the Waterfall method. The
Waterfall method was not considered appropriate or suitable for DevOps due
to its properties of having long lead time, inflexible and not customer friendly.
I1 says that teams using IT legacy systems tend to work according to traditional
methodologies while teams that use modern technologies tend to work according
to modern adaptive methodologies. I1 argues that in large organizations, teams
often use different types of software development methods, hence challenging
to implement DevOps or other modern initiatives because these teams need to
collaborate, communicate and coordinate software development and deployment
activities which can be problematic.

Thereby, the degree to which the organization can exploit DevOps and release
new software are affected by the different team’s development methods. O1 and
S1 say that because teams have dependencies, these teams need to synchronize
and coordinate releases, and whether a team retains with quarterly releases and
Waterfall methods, all the interconnected teams need to continue with large-scale
quarterly releases, which DevOps aim to depart from. S1 says:

“When we are about to release new software, there is a lot of synchronization with other
systems, we cannot just release. Because we are connected to old legacy systems that are

not flexible, it affects how often we can release new features because we have
dependencies, and these legacy systems still have quarterly releases.” - S1

D1 says that with DevOps and CD teams can deploy releases directly to produc-
tion, but that several teams using Agile methods such as scrum tend to remain
with the old mentality where releases happen at the end of each sprint. According
to D1, setting up fixed release dates is what DevOps aim to avoid, instead teams
should use Agile methods but that they should release continuously throughout
the sprint.

Apart from the fact that teams within an organization use different development
methods, O1 state that teams may also have different cultures and people which
makes it even more challenging to coordinate releases and adopt DevOps. In or-
der to exploit the benefits of DevOps, P1 argues that all teams that are dependent
on each other needs to establish a common software development methods that
fits the type of industry which the organization operates in.

T1 and T2 suggest that organization should initiate the adoption of DevOps through
a pilot project with the most mature development team. The team should be us-
ing adaptive development methods that facilitate rapid and frequent delivery of
software.
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5.4.2 Changing the Mindset

The majority of respondents mentioned that they needed to adjust the team’s
culture and employee’s mindset. Several interviewees says that DevOps is not
a technical issue, but rather a cultural issue, having changing the organizational
culture and people’s mindset.

Various interviewees argue that people in general do not prefer to change. B1
claims that it is a human survival instinct, G1 and D1 further elaborate that peo-
ple are comfortable and prefer routines and that change is related to fear of un-
certainty and loss of control. In addition, several interviewers claim that older
employees are more resilient to change than their younger colleagues, because
of less prejudice, past experience, and predetermined thoughts. While I1 argues
resistance to change is not about age, it is rather about mindset, willingness to
change and adapt. In addition, G1 argue that prestige is one of the main rea-
sons why change is generally problematic, that people are concerned about lack
of competence and fear of stepping outside of your comfort zone. G1 further ar-
gues that fear of failure is particularly common in the financial sector due to short
term goals, and state that employees should not be measured on the number of
failures, but rather on how quickly they correct them.

F1 says that there are developers who are not interested in operational tasks and
would rather avoid it. Developers do not consider the operational responsibilities
to be included in their role description, instead developers want their managers
to create and recruit a DevOps role that is responsible for the operational tasks.
However, R1 argues that this is not a great idea because it creates dependencies
and a DevOps role is the result of an outdated way of thinking where employ-
ees are divided into roles. Instead, R1 argue that DevOps is a philosophy that
the entire organization needs to embrace. Moreover, I1 and K1 say that when a
developer is responsible for both Development and Operations, there is a risk of
context switch. I1 considers that context switching reduces the efficiency of a de-
veloper and that it may be the reason why some teams want to create and recruit
a DevOps role.

According to I1 and R1, changing the organizational culture is demanding and
continuous work. Q1 and G1 claim that banks and authorities are examples of
bureaucratic organizations that need adjustments to be able to adopt DevOps.
They argue that banks and authorities in general wants control through monitor-
ing and bureaucratic processes which reduces the efficiency of the SDLC.

Several interviewees mentioned that it was a challenge to get teams to cooperate
since development teams are used of working in an isolated environment and
avoiding cooperation. S1 claim that organizations should advocate a culture that
promotes cooperation, and that cooperation is the key to a successful organiza-
tional change.
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According to various interviewees, in order to manage both Development and
Operations, a developer has to have the right mindset. P1 and J1 says that greatest
challenge for developers is to change their mindset from being solely responsible
for development to being responsible for the entire software delivery process. J1
says:

“The most challenging element of this organizational change was the new way of
thinking - You build it, You run it, You fix it.” - J1

This was referred to as having a holistic perspective, understand the entire soft-
ware delivery processes, being proactive and wanting to progress and develop.
According to I1 and J1 DevOps requires developers to be both generalists and
specialists, something that they refer to as T-shaped people. H1 and J1 compare
T-shaped people with a full stack developer, which has a general level of under-
standing within the entire application stack, e.g. writing application code, man-
aging and configuring databases, operating systems, networks and servers. I1
claim that being both a generalist and specialist is demanding since a developer
needs both in-depth expertise and a breadth of knowledge.

According to G1 change is something that not everyone likes or accepts, but one
cannot please everyone. R1 suggests that organizations should lead by exam-
ple and compare with how software development was pre-DevOps and post-
DevOps.

5.4.3 The type of Industry and Services

Several interviewees argue that DevOps is largely about automation, being able
to rapidly and frequently deliver new functionality to the end user. However,
according to O1 and D1 a challenge that organizations have to take into account
is the type of industry they operate in, the type of service they provide and what
type of function the type of service fulfills in the society. They argue that the chal-
lenge is that it is easy to quickly deliver new software, but organizations need
to take into consideration how it affects the teams, departments and the organi-
zation’s users. Depending on the industry and the type of service that an orga-
nization delivers, some industries can release new functionality frequently, thus
disturb their customers more often than other industries.

O1 argues that search engines such as Google can disturb and release new code
every minute or even every tenth second since it does not affect the user to great
extent. However, O1 argues that this is not applicable to organizations providing
payments systems. Payment systems have to be and perceived to be stable and
each update have a possibility to disturb the customer. Therefore, the organiza-
tion have to be careful restarting the systems too frequently.

O1 and D1 say that it is fantastic to be able to deliver new functionality to end
users within days, hours or even seconds. Although, it is important to be careful
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and not to disturb the customers too often.

5.4.4 Regulatory requirements

The introduction of regulatory directives and requirements were considered to in-
terfere and prevent the implementation of DevOps. T1 and T2 state that the adop-
tion of DevOps is challenging, which was further amplified by interfering regula-
tory directives that had higher prioritization. Consequently, ongoing projects are
disrupted, and some are put on-hold until the regulatory requirements are ful-
filled. This is mentioned to cause disturbance, especially in regulatory industries
and markets, because organizations are afraid of withdrawn permits and the risk
of receiving extensive fines.

O1 says that regulatory directives interfere with all other activities and due to the
priority of these projects they confiscate resources from different teams. Subse-
quently the adoption of DevOps suffers, and several teams lacks resources. O1
further argues that these regulatory directives have a sense of Waterfall method-
ology. Thus, difficult to divide the regulatory requirements into smaller subsets
and batches which the teams can implement. These regulatory directives are usu-
ally large-scale and highly coupled, meaning that every sentence needs to be in-
terpreted coherently in order to understand how each sentence relates to the rest
of the requirements.

5.4.5 Team challenges

Communication and collaboration coordinated at different geographical location,
lack of resources and finding the right competencies was challenges that the
development teams associated with the implementation of DevOps. Accord-
ing to P1, large and medium sized organizations often has several offices scat-
tered around different geographical locations, e.g. development in one country,
testers in another and operations in a third. These different geographical loca-
tions makes it inconvenient to communicate and to coordinate an organizational
change since there is limited physical contact and possibly different culture and
language which acts as barriers and may hamper the change process.

Several interviewers mention that DevOps has led to development teams respon-
sible for being on call, managing events related to operational incidents. E1 says
that being on call is demanding because the teams are not used to manage oper-
ational incidents and that the teams have to set up new type of routines to deal
with operational circumstances.

T1 and T2 argues that the development teams do not possess the required skills
and resources to take responsibilities for both Development and Operations, and
F1 state that teams has to extend their team to manage the increased amount of
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responsibilities. Whereby several teams have to recruit new team member and
according to G1 it is difficult find people with competencies in both Develop-
ment and Operations. In addition, G1 refers to a colleague who finds it diffi-
cult to recruit the right skill set and instead recruits people outside of Sweden.
Furthermore, G1 suggest that development teams should recruit developers that
possess the right mindset, are proactive, team player, flexible and are willing to
change.



Chapter 6

Discussion

This chapter present a general discussion of the empirical findings acquired from the dif-
ferent data collection phases of the research together with existing theories. Thereafter,
this chapter includes a discussion on sustainability, implications and finally a discussion
of validity and reliability.

6.1 Lack of Awareness

The first main challenge of DevOps was the lack of awareness. The maturity of
the concept and the lack of a common definition resulted in confusion and ambi-
guity about the DevOps term. Stahl et al. (2017) justify and says that practitioners
nor academia have identified a common understanding of what DevOps repre-
sents. Riungu-Kalliosaari et al. (2016) argue that there exists some agreement
about certain characteristics of DevOps, but the essence of DevOps is still some-
what unclear. While Dyck et al. (2015) argue that most definitions of DevOps are
either inadequate or wrong. Consequently, several interviewees and Dyck et al.
(2015) state that the lack of a common definition of DevOps is problematic as it
further increases the confusion of the adoption of DevOps.

DevOps is considered being a buzzword, which according to some of the intervie-
wees tends to create frustration since buzzwords are often used to refine reality,
thus buzzwords can make practitioners reluctant to embrace change. At the same
time, it may be necessary to identify a set of tools and methods with a term like
DevOps. Because a buzzword has the ability to advance from being adopted by
a few practitioners to the greater majority of practitioners. However, labeling a
set of tools and practices could induce another common misconception, e.g. that
DevOps is a product, tool or a role. According to Cohen (2014) this is the case,
practitioners have used the term DevOps to describe the tools and skills needed
to operate the entire software delivery process. Another explanation could be
that companies markets their products with the term trying to capitalize on De-
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vOps as a buzzword. Several interviewees argue that the DevOps role is a result
of the organizations incomplete understanding of DevOps. Development teams
should not strive to have one role solely responsible for the operational tasks as it
creates dependencies which DevOps aims to mitigate. Instead, everyone within
a team should get familiar with the operational tasks.

Furthermore, another difficulty was the lack of direction to guide the develop-
ment teams throughout the implementation of DevOps. Cohen (2000) argue that
if a common vision is not developed or communicated properly, there is a risk
that the members of the organization creates individual perceptions of the change
which may differ. Which in turn can lead to internal conflicts and misunderstand-
ings. This is exactly what several interviewees were missing, a common vision,
best practices and some sort of strategic plan, describing how DevOps should be
implemented and how it would affect the teams. Accordingly, the lack of direc-
tion means that the implementation and the quality of outcome depends on the
team manager’s ability and experience to drive organizational change.

Several interviewees suggest that organizations should clear misconceptions by
establishing common ways of working and spreading the knowledge through a
DevOps Coach. A person, team or a central unit within the organization that
collect experience from other teams, defines the organizations interpretation of
DevOps and creates a strategic onboarding template which teams can use a ref-
erence and guidance. Walls (2013) suggest a similar solution which Walls refer to
as DevOps ambassador, a person or a team, spreading the DevOps philosophy
throughout the organization.

The lack of a common definition of DevOps can be resolved with the help of a
DevOps coach or ambassador to prevent different perceptions about the imple-
mentation of DevOps. In addition, the DevOps coach or ambassador should be
part of, available and have a high presence throughout the implementation to
provide support.

6.2 Lack of Support for DevOps

The second main challenges was the lack of support for DevOps. Senior man-
agement is said to be reluctant to support development teams with sufficient re-
sources because they do not fully understand the potential benefits due to gap in
competencies. In addition, there is a common belief among the interviewees that
management has a different mentality than the development teams. Manage-
ment is considered to not have the patience needed to adopt DevOps, manage-
ment rather want to develop new features and focus on visible customer deliver-
ables instead of improving the development team’s current processes, methods
or technical tools. Furthermore, organizational change in general has a high ini-
tial capital spending as teams are busy familiarizing with new tools, technologies
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and methods in parallel with daily tasks. Jones et al. (2016) affirms that having to
get acquainted with new procedures leads to high initial costs as productivity is
limited in the transition into DevOps.

Perera et al. (2016) believes that management may not be eager to support the
journey since the effect of the transition usually are not noticeable in the near fu-
ture. Furthermore, several interviewees and Jones et al. (2016) states that devel-
opment teams has to convince senior management about benefits and long-term
effects in order to receive any type of support or allocation of resources. Thus,
the lack of support from senior management is considered a major challenge and
reported to undermine effective implementation of DevOps.

Davis (2016) describes DevOps as a process, not a destination. Even though set-
ting up systems and configuring tools might have a fixed end point, DevOps is
for the most part about cultural change. Davis (2016) claim that it is difficult to
predict how long it takes for people to break old habits and replacing them with
new ones that fits the concept of DevOps. The problem lies in the fact that man-
agers lack patience for long-term objectives. Virmani (2015) argue that one should
not haste the adoption of DevOps as it might induce poor results.

Central functions that provides operational support, such as logging and storage
management, were dismantled before the implementation of DevOps was fully
completed. The absence of central support functions causes lack of team-level
support and influence the performance of the teams. Various interviewees and
Davis (2016) suggest that management should facilitate the implementation of
DevOps by contributing with resources. This will devote time for development
teams to get acquainted with their new areas of responsibilities, tools, technology,
methods and setting up routines to deal with new types of circumstances.

In order to build commitment and trust, organizations should promote smarter
seating, thus management and IT personnel being seated next to each other dur-
ing daily operations. Smarter seating has the potential of reducing conflicts and
improve collaboration as well as communication. Thence, employees increase
insights into colleague’s work, resulting in greater acceptance and understand-
ing.

6.3 Implementing DevOps Technology

The third main challenge was the implementation of DevOps technology. In or-
der to release reliable software features to production within hours or minutes,
and at the same time maintain quality and stability, automated testing is a ne-
cessity. However, developers’ attitudes towards writing automated tests was not
always as enthusiastic, thus team managers having to promote and changing de-
velopers attitude to write tests. Arguably this could be solved by allocating time
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for practice in order to learn how to write and automate manual tests.

Managing new type of tools and circumstances was considered to be the greatest
challenge for developers. It was not recognized as a problem, but rather a chal-
lenge to get familiar with tools that Operations previously were responsible of
managing. Riungu-Kalliosaari et al. (2016) also mentions that developers receive
new tasks that they are not accustomed with and that they sometimes have ob-
jections about adding on new areas of responsibility, such as being on call and
managing operational tasks. Organizations has to be cautious not to overwhelm
developers with too much responsibility, tools and technologies in a short time
period, instead new responsibilities should be passed on gradually to provide
developers time to develop and adapt.

Bird (2015) identifies IT legacy and interdependence as a threat that holds back
the adoption of DevOps, particularly in the financial industry as not all appli-
cations are suitable for fast and frequent change. Jones et al. (2016) claims that
many organizations are still dependent on legacy systems because of the systems
business critical nature. These systems have to be kept intact and the organiza-
tion have to run these in parallel with the implementation of DevOps with non-
legacy systems. Bird (2015) argue that legacy systems have been operating for
many years and are not developed and designed for iterative and rapid change.
To support a variety of DevOps practices such as Continuous Deployment (CD),
Shahin (2015) suggest that software architects may have to decouple and redesign
the architecture of coupled systems. This is also what several interviewees sug-
gest, changing the architecture of coupled systems by splitting up into smaller
modules, referred to microservices. The idea is to reduce complex deployment
activities and enable small and frequent releases to enrich the customer experi-
ence.

Furthermore, the fragmentation of internal information and communication tools
across the organization is problematic since it makes it difficult to easily access in-
formation within and across teams. To solve this issue, organizations should es-
tablish common set of practices and tools to share information within and across
teams in a uniformed way. The information should be easily accessible and con-
tain all the information needed for the teams to be able to manage DevOps.

6.4 Adapting organizational processes to DevOps

The fourth main challenge was to adapt organizational processes to DevOps. The
current state of the team’s software development methods was mentioned to af-
fect to which extent DevOps could be adopted. This was considered to be an
issue as teams are often dependent on other teams in order to deploy software
to production. Some teams say that they work according to Agile methods, but
they are actually working according to the Waterfall method. Bird (2015) claim
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that organizations in regulated industries tend to embrace the Waterfall model,
by implementing stage gate reviews. This provides the organizations the oppor-
tunity and time to carry out security checks, thus way to control projects and sys-
tem changes. The Waterfall method is considered to not be suitable with DevOps
because of its properties of having long lead time, inflexible and not customer-
friendly (Agresti 1986, Jacobson et al. 1999, Leffingwell 2007). However, even
though Agile methods is often considered to be the optimal way of working, re-
leases often occurs at the end of each sprint. Thus, the mindset of having fixed
release dates still exist, and something that DevOps aim to avoid. Instead, teams
should deliver software continuously throughout the development process in-
stead of having fixed release dates, which Waterfall method introduces, and the
Agile method maintains. This indicates that it is primarily the mindset that has to
be changed and teams should embrace the method that suits their type of service
and industry, since there exist no universal software development methods that
fits all.

Several interviewees describe DevOps as a cultural movement, a philosophy, thus
not a technical issue but rather about changing the mindset of people and organi-
zational culture. Freeman (2019) and Hüttermann (2012) also identifies DevOps
mainly as a cultural movement; it is all about the people. Even though an orga-
nization adopt the latest and most efficient tools and processes, they are useless
without people that will be using them. Therefore, according to Freeman (2019)
building a DevOps culture is at the core of DevOps adoption. Kim et al. (2016)
describes a DevOps culture as a culture characterized by a high degree of col-
laboration across roles and teams, enabling continual learning, high trust and
acceptance of failure. Thus, making it acceptable to talk about problems in order
to prevent and solve future issues. This type of organizational culture refers to
the generative culture, established by Westrum (2004). Moreover, several inter-
viewees talk about an us vs them culture created by a sense of prestige and the
desire not to cooperate. Instead, Hüttermann (2012) state that DevOps culture
is about trust and a feeling of fellowship, shaping a we culture instead of an us
vs them culture. Resistance to change is part of organizational change, having to
change the mindset of individual employees. However, there are many who do
not want to change, it is a human instinct. As G1 state, “old habits die hard”,
people are comfortable, prefer routines, and having to change relates to fear of
uncertainty and loss of control. Change is something that not everyone likes or
accepts, but one cannot please everyone. Instead, leaders within the organization
should lead by example.

Various interviewees argue that DevOps is mainly about automation and to rapidly
and frequently deliver new functionality to users. Subsequently, this is not en-
tirely true as organizations needs to take into account the type of industry they
operate within, the kind of service they provide and what function it fulfills in the
society to determine the rate of releases. DevOps and Continuous Deployment
(CD) offer the possibility of delivering software to customers through the push of
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a button, but this does not mean that one should ignore the customers sensitivity.
Thus, some industries can release new functionality frequently and disturb their
customers in a larger degree than other industries.

Regulatory requirements and directives was considered to interfere and prevent
the implementation of DevOps and since regulatory projects have high prior-
ity because of their nature and strict deadline, these projects tend to confiscate
resources from other teams. Consequently, current projects and organizational
changes are disrupted, and some are put on-hold until the regulatory require-
ments are fulfilled. This is mentioned to be a great challenge, particularly in
regulatory industries and markets, since organizations are afraid of withdrawn
permits and huge fines that might adventure the entire business. Bird (2015) men-
tions regulatory compliance and requirements as one of the reasons that holds
back the adoption of DevOps in the financial industry. In order to comply with
regulatory requirements, organizations tend to separate duties. This is done to
ensure data integrity and confidentiality (Bird 2015). Freeman (2019) state that
regulated industries have an overall need for controls and bureaucracy in or-
der to ensure compliance. However, several interviewees and Kim et al. (2016)
argue that a generative organizational culture is preferable when adopting De-
vOps.

Lastly, teams scattered around different geographical locations makes it problem-
atic to collaborate, communicate and coordinate an organizational change since
there is limited physical contact. Additionally, teams may have different cul-
tures and languages which may hamper the change process. Furthermore, sev-
eral interviewees argue that DevOps requires developers to be both generalists
and specialists, something that they refer to as a T-shaped person and full-stack
developer, which has a general level of understanding within the entire applica-
tion stack. Kim et al. (2016) also refers to a full stack engineer as the type of skill
sets a developer needs to acquire. Iansiti (2014) writes that the characteristics of
a T-shaped profile is favorable in groups as they have a basic understanding of
other disciplines which is crucial for successful group work. Kim et al. (2016)
suggest that organizations should develop T-shaped people by rotating employ-
ees through different roles in order to get familiar with a breadth of disciplines
and at the same time preserve its depth of knowledge. However, being able to
have a depth and breadth of knowledge is difficult and unique. The solution is
not to encourage all developers to become full-stack developers or T-shaped. In-
stead, a team need all type of shapes, developers with a breadth of knowledge as
well as developers with in-depth expertise in one discipline to be able to handle
deep and complex problems.

To conclude, this study observes that adopting organizational processes to De-
vOps is primarily about cultural transformation. Changing people’s mindset and
organizational culture to promote a culture of trust, where workers feels safe to
adapt without being punished for missteps or failures, since an organization is
doomed to fail unless the employees accept the change.
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6.5 Sustainability

This section discusses and consider the sustainability aspects of this report. Du Plessis
(2000) and Barton (2000) defines “sustainable development” as a conceptual frame-
work consisting of three interconnected areas: social, economic and environmen-
tal. According to Du Plessis (2000) and Barton (2000), in order to achieve sustain-
ability, there needs to be a balance between these three pillars. Thus, this report
considers these three pillars of sustainability.

One of the key aspects of DevOps is automation as it has the ability to minimize
workload through automation of manual work tasks. In addition, social and eco-
nomic sustainability are closely connected with automation since the automa-
tion of delivery pipeline affects both economic aspects and social work structure.
Speed is the key of automation and allows for rapid delivery of software and
removal of manual tasks and thereby lowering costs. Furthermore, the recom-
mendation to initiate the adoption of DevOps using a pilot project can be seen
as economically sustainable. Starting with a small-scale pilot project makes it
possible to encounter possible problems and challenges without any extensive
economic setback. However, it is important that the implementation of DevOps
is not only performed solely from an economic point of view, but also on a social
level.

DevOps has an impact on the role of a developer. A developer is expected to oper-
ate the entire SDLC, thus larger area of responsibilities. Being responsible for the
applications quality during the entire application life cycle puts a great demand
on each individual developer in terms of the skills and competences that they
must acquire. More responsibilities and a higher workload may lead to stress,
physical or mental destruction caused by unsustainable expectations. According
to several interviewees a developer should broaden its competencies to operate
a larger area of responsibility but at the same time maintain in-depth knowledge
within a single discipline. Thus, according to the findings it is not enough to be
just a generalist or specialist, instead a developer is encouraged to have a breath
of knowledge and depth of knowledge, referred to T-shaped. As mentioned by
(Erich et al. 2014, p.15) “. . . academic research should not primarily be swayed by
trends in industry, which are often the subject of hype.” Thus, both academic and
practitioners should investigate the use of T-shaped people, its sustainability as-
pects and generalizability before suggesting organizations to embrace the type of
skill set. The T-shaped person is an industrial trend and organizations should be
positive and willing to try on new trends but at the same time remain critical and
evaluate its potential effects. The fact that all developers should be T-shaped can
be questioned regarding sustainability as it is highly challenging and demanding
to be acquire this type of skill set. The ambition should maybe not be to endure
everyone software developer to become T-shape. Instead, let the development
team to strive to become T-shape by creating a cross functional team of expertise
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from different disciplines, where people extend their skill sets through collabora-
tion. Since people are different and has different motivations, in order to create
a sustainable workplace and sustainable learning, people need to do what they
find interesting. Hence, some prefer to have a breadth of knowledge while other
prefer to have a depth of knowledge. Thus, the solution might not be to convert
everyone to become T-shaped but rather arrange the teams to be T-shaped.

The suggested recommendations such as building commitment and trust by smarter
seating, establishing common ways of working and allocating time for transition
to DevOps aim to minimize stress and enabling a sustainable workplace. All the
presented recommendations in this study strive for long-term sustainability and
do not focus on short-term results and outcomes.

The last aspect of sustainable development is environmental sustainability. Envi-
ronmental sustainability will not be directly affected by the adoption of DevOps.
However, through automation and increased efficiency, organizations need less
resources for the same results. Thus, the implementation of DevOps will there-
fore indirectly lead to environmental sustainability.

6.6 Implications

This study focuses mainly on the development teams and do not target the oper-
ations teams. Thus, one implication is that this study focuses on identifying the
development team’s challenges and do not include the operational team’s reason-
ing or perspective. The same applies to senior management who are not consid-
ered to be sufficiently supportive throughout the adoption of DevOps, but their
perspective is not identified either. These perspectives would be interesting to
consider in order to increase the scope of the results and recommendations.

DevOps has implications on the role of developer. A developer is expected to
have both a breadth of knowledge and a depth of knowledge in order to be able
to operate the entire life cycle of the application. Thus, DevOps means that the
role of a developer needs to be evolved, and some are not willing to change. In
addition, it also places high demands on an organization to educate its developers
to both broaden and deepen their knowledge in order to achieve the breadth and
depth that is expected.

Another implication may be that this study is only limited to one single case.
DevOps is mainly a cultural movement, and by investigate a single case and the
current situation can affect the generalizability of the results and recommenda-
tions that were identified and given.
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6.7 Validity and Reliability

Guba (1981) suggest four different criteria to consider in order to attain trustwor-
thiness in qualitative research, see section 3.5. These aspect of research quality
was considered throughout the study in order to reduce the possibility of low
qualitative research and instead present findings that are trustworthy and non-
trivial. The criterias consist of: credibility (in preference to internal validity),
transferability (in preference to external validity/generalisability), dependability
(in preference to reliability), confirmability (in preference to objectivity) (Guba
1981).

The literature study was based on secondary sources collected from legitimate
and established search engines such as Google scholar, Springer Link and IEEE.
In addition, to achieve credibility, triangulation of sources was used through-
out the study to eliminate bias and increase trustworthiness. Debriefing sessions
together with Case Company were used to discuss potential adjustments of pro-
cedures and ideas. The participants of this study received prior information on
the subject and the interview structure and during the interviews follow-up ques-
tions were used to clarify both agreements and contradictions. In addition, cita-
tions were used in the chapter Finding and Analysis to give a correct description
of the context. After conducting the interviews, the respondents were given the
opportunity to review their interpreted research contributions. This was done
to ensure that the use of empirical data is morally correct. Furthermore, the ex-
pertise or knowledge of the respondents was not questioned by the researcher,
and the observation of a respondent was not considered more or less credible
depending on the respondent’s level of experience.

Empirical evidence was collected from a single-case study, and to obtain external
validity and generalisability the report tries to generalize the findings and rec-
ommendations, reducing context-based results that is applicable only in a similar
context. Furthermore, another way of achieving external validity was through
differentiation, collecting data from different business units within the organiza-
tion. The collected empirical material was triangulated in order to attain validity.
Ensure reliability of a single-case study with the use of human judgment is chal-
lenging, since human judgment can vary between respondents depending on ex-
pertise, current mood and other human factors. Based on the problematization,
this research was conducted independently, critically and systematically in order
to attain reproducibility and impartiality in the interpretation of the empirical
material. The purpose was clarified through numerous iterations with the help
of relevant methods and theories and formulated into several research questions.
Moreover, research in general is influenced by the researchers’ assumptions, prej-
udices and beliefs. These aspects are not entirely inevitable but can be counter-
acted by objectivity and effective triangulation. To fulfill objectivity, evidence and
facts were used as verification, focusing on being as neutral as possible by using
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facts, statistics and research. In addition, information presented in a way that
allows the reader to perceive and draw their own conclusions. In order not to
exaggerate, strong words such as "always" and "never" were avoided, and words
of a more neutral meaning were used instead.



Chapter 7

Conclusion and future work

This chapter present the conclusion and future work. The aim of this chapter is to revisit
each research question, and for each of the research questions, answers are given based
on the findings of the study. Lastly, this chapter presents the future work of this study,
describing possible further research areas to be explored.

7.1 Conclusion

The purpose of this study is to investigate and identify the challenges that devel-
opment teams encounter during the adoption of DevOps. Furthermore, identify
possible ways to overcome these challenges. Lastly, investigate how the transi-
tion to DevOps has affected the role of a software developer.

- RQ 1: What challenges have the development teams encountered during the adoption of
DevOps?

- RQ 2: What are the ways to overcome these challenges?

- RQ 3: How has the transition to DevOps affected their role as software developers?

In this section, these three research question will be examined and discussed.
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7.1.1 What challenges have the development teams encoun-
tered during the adoption of DevOps?

As more companies adopt DevOps to improve speed of software delivery and
collaboration between Development and Operations, a number of challenges re-
lates to the adoption of DevOps. The first main challenge of DevOps is the lack
of awareness. The maturity of the DevOps concept and the lack of a common
definition resulted in confusion and ambiguity since people defines it differently.
The lack of direction to guide the development teams throughout the adoption
of DevOps was also considered a challenge since it left the teams without any
strategic plan to guide them throughout the adoption.

The second main challenges of DevOps was the lack of support. Lack of man-
agerial support and understanding of DevOps complexity and scope, resulting
in senior management reluctant to support development teams with sufficient
resources such as time and money. In addition, lack of time needed to success-
fully transition to DevOps and the lack of team-level support, the organizational
readiness to support the development teams in their new areas of responsibili-
ties.

The third main challenge of DevOps is the implementation of DevOps technol-
ogy. Managing new type of tools and circumstances was considered to be the
greatest challenge for developers. It was not recognized as a problem, but rather
a challenge to get familiar with tools and circumstances that Operations previ-
ously were responsible to manage. In addition, having to promote and change
developers’ attitude to write tests, as well as the type of application infrastruc-
ture and interdependencies between systems was considered to be a challenge,
as it affects to which extent the development teams could exploit the concept
of DevOps. It was identified that IT legacy and interdependence hold back the
adoption of DevOps, since some systems and applications are not designed or
suitable for iterative and rapid change. Furthermore, another challenge is the
fragmentation of tools and practices used within and across teams for communi-
cation and to store and share knowledge.

Lastly, the fourth main challenge of DevOps is adapting organizational processes
to DevOps. The current state of the team’s software development methods may
differ from each other and impede the adoption of DevOps. In addition, pur-
suing progress can be uncomfortable because it requires teams to move out of
their comfort zones, hence changing organizational culture and the mindset of
people generally implies resistance to change. Moreover, the type of industry
and service, regulatory requirements that interfere and prevents the adoption
of Adoption, as well as team challenges such as finding the right competencies
is mentioned as other challenges that organizations might encounter during the
adoption of DevOps.
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7.1.2 What are the ways to overcome these challenges?

This study has identified four main challenges of adopting DevOps, and in or-
der to address these challenges, four different ways to overcome these challenges
were identified. Firstly, the lack of a common definition of DevOps is mentioned
to cause confusion and ambiguity. In order to deal with this issue, one suggestion
is to clear misconceptions by establishing common ways of working and spread-
ing the knowledge through a “DevOps Coach” or a “DevOps ambassador”. A
person, team or a central unit within the organization that collect experience
from other teams, defines the organizations interpretation of DevOps and cre-
ates a strategic onboarding plan which organizations can use as a guidance or as
a reference when onboarding new teams to DevOps.

Secondly, the lack of managerial awareness and support was argued to be one
of the main challenges of adopting DevOps. Senior management is said to be
reluctant to support development teams with sufficient resources since manage-
ment do not see the business value of adopting DevOps. To build commitment
and trust, organizations may arrange smarter seating, thus management and IT
personnel should be seated next to each other during daily operations. Smarter
seating has the potential to reduce conflict and improve collaboration and com-
munication, because employees get an insight into the work of others, resulting in
greater acceptance and understanding of each other. However, it might introduce
new types of challenges and conflicts.

Thirdly, the lack of time to implement DevOps technology was considered a chal-
lenge. Management unwilling to support development teams with time and re-
sources to learn new areas of responsibility, implementing new tools and tech-
nology as well as lack of time to automate the software delivery process. It was
stated that there is no need to haste the adoption of DevOps, since it might lead
to poor results. Instead, in order to carry out an organizational change in a pleas-
ant manner, organizations should allocate time and resources to transition to De-
vOps. Thus, developers getting time to implement DevOps technology and the
time to properly to learn new areas of responsibilities, because the transition to
DevOps is not effective unless the developers are given the time to learn.

Lastly, adapting organizational processes to DevOps is the fourth main challenge
identified in this study. Hence, when adopting DevOps, development teams
may start the DevOps journey with a pilot project, a non-dependent, small-scale,
loosely coupled application with low operational risk. Since the team are going
to transform not just way of working but maybe also the architecture of the appli-
cation, it is not recommended to start with an IT legacy system that runs business
critical logic. A pilot project is a great way to start the adoption processes in order
to get familiar with new type of circumstances and to learn how to operate the
entire software delivery processes.
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7.1.3 How has the transition to DevOps affected their role as
software developers?

This research question aims to provide an overview of how the traditional role
of a developer have been affected due to the adoption of DevOps. Changes in
the role of a developer was considered perhaps as the most profound challenges
according to the developers that participated in this study. The role of a developer
is not just about writing code and handing it over to operation personnel who
deploys the developers changes to production. Adopting the concept of DevOps
mean that operational ownership is distributed to the development teams and
this affects the traditional role of a developer.

Developers is now expected and encouraged to own the entire life cycle of an
application, hence, in addition to development, developers have to be familiar
with how to deploy their applications to production, how to operate, maintain
and monitor them at runtime. In addition to operate new tools and technologies,
developers must also maintain and ensure that these tools are up-to-date and con-
figured correctly. It requires developers to set up new types of routines in order
to be able to manage new types of circumstances. In order to manage both de-
velopment and operations, a developer has to have the right mindset, i.e. holistic
perspective, understand the entire software delivery processes, being proactive
and wanting to progress and develop. Developers have to change their mindset
to: you build it, you run it, you fix it.

Being responsible for the applications quality during the entire application life
cycle: quality of the code, quality of the tests and the quality of the operation
puts a great demand on each individual developer in terms of the skills and com-
petences that they must acquire. A developer needs to broaden its competencies
to operate a larger area of responsibility, however it is not enough to be just a
generalist or specialist. Instead a developer is encouraged to have a breadth of
knowledge and depth of knowledge. This type of competence is referred to T-
shaped, a developer who have specialized in-depth knowledge within one area
and being able to contribute in multiple areas of the value stream. In addition,
this type of competence can also be compared with a full stack developer, which
has a general level of understanding within the entire application stack, e.g. writ-
ing application code, managing and configuring databases, operating systems,
networks and servers.

Consequently, the adoption of the concept of DevOps has a profound impact on
the role of the developer, the traditional role of a developer needs to be extended.
Moreover, a developer that is able to operate the entire life cycle of the application
is said to improve workflow by removing dependencies, handoffs and reducing
lead time.
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7.2 Future work

Instead of identifying the main challenges that developments teams face when
adoption DevOps, potential future research could entail looking into what main
challenges the operational teams encountered during the adoption of DevOps.
In addition, identify how the adoption of DevOps has affect the role of an IT
Operational employee, and what new type of organizational challenges DevOps
have led to. Besides, it could be of interest to shift focus from challenges to ben-
efits and investigate the main benefits of adoption DevOps. Identify positive
organizational effects and how these benefits can, for instance, increase the at-
tractiveness of the organization or investigate how it affects the satisfaction of
employees.

Furthermore, it could appeal to look into organizational effects, such as economic
or social effects of adoption DevOps. Moreover, DevOps is an emerging concept
that still lacks a common definition by both practitioner and academia. Even
though, there exists some agreement about certain characteristics of DevOps, the
essence of DevOps is still somewhat unclear. A potential future research could try
to clear the misconceptions by establish a common definition based on intervie-
wees with leading practitioners within DevOps. Additionally, future work could
be mapping out and formulate a method for implementing DevOps that organi-
zations can use as a guidance or as a reference when onboarding new teams to
DevOps.
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