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ABSTRACT

The objective of this study is to investigate the practices and challenges of DevOps
implementation in Ethiopian software development companies. This study used a mixed research
approach with an explanatory sequential design method to collect and analyze data quantitatively
and qualitatively. Based on a thorough literature review and empirical data findings, a research
guideline was created. The survey questionnaires and interview outlines were designed with the
established research objectives in mind, with some adaptations from existing literature and new
ones developed as needed. The quantitative component of the study included 107 respondents
from ten Ethiopian software development companies that implement the DevOps process either
partially or fully. Interviews were also conducted to gather information from senior staff,
managers, directors, and DevOps implementation teams. The quantitative data sets were
analyzed using descriptive methods. OpenCoding approaches were used to examine the
qualitative data. The findings revealed challenges in transitioning from traditional development
to a DevOps approach; building DevOps infrastructure and applications with complex processes;
and configuring DevOps tools and technology. Furthermore, the researchers discovered that the
companies in the study faced a variety of challenges when implementing DevOps in culture-
related practices. Employee resistance to new culture and technology; a culture of team
collaboration and communication; a misunderstanding of DevOps environments and culture; and
a lack of organizational commitment to DevOps culture changes were the major challenges.
Expert validation and descriptive approaches were used to assess the study's outcome (proposed
guideline). Expert validation was obtained as a result of company mail and survey
questionnaires. As a result, the research process and results of this study are thought to be valid,
indicating the usability and applicability of the study's output. This study is expected to produce
insights that will assist Ethiopian Software Development Companies' DevOps teams in better
understanding and implementing DevOps. Finally, in order to sustain the DevOps
implementation process, it is suggested that the proposed guidelines be implemented by

prioritizing the team work theme as a priority goal.
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CHAPTER ONE

1. INTRODUCTION

1.1. Background

Human social and economic activities are heavily reliant on software applications. Furthermore,
for the majority of their activities, organizations prefer to use software applications. As a result
of its importance in having software-intensive products and services, it is always useful, secure,
and reliable during operational use (Lwakatare, 2017). Traditionally, the software advance and
function teams have operated with a separation of responsibilities (Bass, et al., 2015; and Hemon
et al., 2019). As a result, people's and organizations' proclivity to use new software applications

increased competition in the software industry market.

The traditional "waterfall" methodology, with its sequential design-develop-test-deploy activity,
is usually too slow and inefficient for digital business needs. Tensions frequently arise as
developers strive to meet customer demands by releasing new software applications, while
operations strive to keep software in production stable and reliable (Humble and Molesky, 2011;
Wiedemann, et al., 2019). Businesses are increasingly requiring more frequent releases of new
software in order to reduce risks during the delivery process of any production in order to satisfy
clients (Leite, et al., 2019). In all of these understandings, software companies have provided
new descriptive technologies, methodologies, and systems to their users, resulting in a
multibillion-dollar business. It also creates software architecture, powerful software development
tools, robust programming languages, and frameworks to improve the processes, functions, and
security of software applications. As a result, software companies make an effort to integrate the
best technologies and apply them in order to satisfy customers. Organizations and individuals
must use innovative software applications and access their services to be competitive and
successful in the business world. Many software companies are currently developing new

software applications and methods of implementation based on this basic need.

Many implementation approaches are used for developing software in today's software

development industry. The Agile Methodology is one of the most popular approaches to
1|Page



developing software applications today. Since the 1990s, the agile development model has
addressed communication gaps between customers and developers. Agile is defined as an
approach in which improvement requirements and solutions are delivered collaboratively by self-
organizing and cross-functional teams and their customers. Unlike traditional rigid software
development methods, Agile encourages and promotes adaptability by promoting adaptive
planning, evolutionary development, early delivery, and continuous improvement. According to
Hiittermann (2012), while agile methodology successfully addressed common obstacles betweeﬁ
programmers, testers, quality assurance, and customers, conflicts between the Development and

IT Operation Teams persisted.

DevOps emerged in the last decade to address gaps between software developers (Dev) and IT
operations/infrastructure (Ops). DevOps is an end-to-end model that focuses on increasing
efficiencies and automating processes throughout the software lifecycle, from planning and
coding to testing and refinement to implementation and enhancement. As a result, the new
DevOps technology is the best solution for combining those two teams while also extending

agility practices within the organization.

DevOps is, thus, an evolution of the agile methodology movement that encourages closer
collaboration between developers and IT operations. DevOps, according to the researchers, is a
collaborative and multidisciplinary effort within an organization to automate the continuous
delivery of new software versions while ensuring their correctness and reliability (Leonardo et
al., 2019). In this context, DevOps is defined as a software engineering process, practice, tools,
culture, and philosophy that employ cross-functional teams to build, test, and release software

more quickly and reliably through automation.

DevOps, as defined by Macarthy and Bass (2020), aims to improve collaboration between
development and operations teams in software development. To clarify, DevOps is a
combination of development and operations. It improves application development and
management cycles, brings agility, and increases the availability and security of IT infrastructure
by using standardized development methodology, clear communication, and documented
processes supported by a standards-based, proven middleware platform. As a result, DevOps is

concerned with connecting people, products, and processes, as well as, ultimately, IT and
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business. Thus, it is a new paradigm for software development and operations (Jabbari et al.,
2016; Fitzgerald and Stol, 2017). Accordingly, the benefits of DevOps include increased speed,

new paths to greater quality and reliability, increased security, and support for scaling as needed.

Developing countries have adopted DevOps to improve their services because it shortens the
systems development life cycle and provides continuous delivery of high-quality software
products. Thus, DevOps is being implemented or adopted by the majority of software companies
around the world. Accordingly, some Ethiopian software companies are implementing DevOps
in order to align with the software development industry. Thus, Ethiopian software companies
are appropriate cases for this study to identify DevOps implementation practices and challenges

in the context of the Ethiopian software development industry.

1.2. Statement of the Problem

The global demand for IT users has increased, making it more difficult for IT companies 0
develop new technologies to meet customer demands. As a result, the IT industry is poised to
change trends with rapidly changing consumer behavior in order to mitigate the significant
challenges of customer demands in the business world. With new inventions, the software
industry is attempting to improve their technological advancement process by utilizing various
philosophies, methodologies, tools, processes, practices, and implementation cultures. This
technological advancement aids in the production of high-quality goods and is viewed as a

component of competition among them.

Recently, rapid changes in software development processes have occurred, and consumer
satisfaction demands have become significant challenges. To improve the ever-changing nature
of software, multiple Software Development Life Cycle (SDLC) models, development process
operations, delivery, and maintenance of software, such as the Waterfall methodology, Iterativ;
Model, Spiral Model, Agile, and derived forms, have evolved. Because of the sophisticated and
complex interests of end users, software companies devote their time to developing new
advanced technologies. The industry is currently shifting toward a new software development

concept known as "DevOps" (Perera et al., 2016).
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According to Yarlagadda (2021), DevOps is a new concept that brings together development and
IT operations to improve overall organizational capacity and performances in order to meet the
needs of customers and markets. Several Ethiopian software development companies are
implementing the DevOps methodology to improve their software development and produél
delivery processes. However, the incorporation of DevOps into software development has not
been without challenges. Each method of adaptation has its own set of constraints in terms of the
working cultures of various environments and customization process. DevOps problems arise in
part because it requires cross-functional competencies, hard and soft skills in IT team, as well as

trends in the working culture of the given people.

Organizations frequently face challenges when integrating DevOps methodologies into their
operations. According to Rakjumar et al. (2016), due to the complexity of prior deployment
process and a lack of technical deployment ability among their software developers,
organizations frequently face difficulties integrating DevOps methodology into their existing
projects. In this case, DevOps implementation in practice has been linked to structural and task-
related changes, increased responsibilities, full-fledged management, and team integration and
collaboration. As a result, the misconception of DevOps implementation has been linked to job
security threats and complex performance metrics, which can lead to resistance from IT

development and operations professionals.

According to Violino (2016), efforts to implement DevOps in some environments around the
world have failed, or have been difficult to sustain and integrate into the software development
culture. DevOps has also been implemented in various ways and to varying degrees across
organizations (Wiedemann, 2017). However, there is a lack of consensus on the appropriateness
of DevOps practices, as well as evidences on the benefits and challenges of developing DevOps
expertise and culture (Lwakatare, 2017). While there is a growing body of work attempting to
define and clarify DevOps concepts, empirical research into DevOps experiences in industry is

limited.

There is currently little research that deals with the practices and challenges of DevOps
implementation in the Ethiopian software development context. So, based on these issues and the

effects they may have on software delivery time, collaboration, and product quality, this research
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attempts to fill gaps in the research by assessing the challenges and practices of DevOps
implementation. The researcher is, thus, motivated to contribute to a better understanding of
DevOps concepts in the Ethiopian software industries. Accordingly, the research questions are

forwarded based on the problems stated above.

1. How the DevOps implementation process is practiced in Ethiopian software development

companies?

2. What are the challenges of the DevOps implementation process in Ethiopian software

development companies?

3. What guidelines are needed to improve DevOps implementation in the Ethiopian
software companies?
1.3. The Study's Objective

1.3.1. General Objective

The main objective of this study is to assess the practices and challenges of the DevOps
implementation process in the Ethiopian software development industry and propose a
contextually appropriate guideline for successful implementation.

1.3.2. Specific objectives

» Toidentify the practices of DevOps implementation in Ethiopian software companies.
* To identify the challenges of DevOps implementation in Ethiopian software companies. -

» To propose applicable guidelines for the successful implementation of DevOps in the

Ethiopian software development industry.

1.4. Study Scope and Limitations

The scope of this study is limited to identifying the implementation of DevOps practices and
challenges, mainly focusing on identifying current practices in DevOps implementation and the

challenges in the Ethiopian software development context. This research focuses on Ethiopian
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software companies, either private or public. The limitations of this study do not address all
Ethiopian software companies, so this research only focuses on some selected software

companies, such as those that have partially or fully implemented DevOps.

1.5. Significances of the Study

This study is expected to benefit Ethiopian software companies and the software industry by
understanding current practices and challenges of DevOps implementation in Ethiopian software
companies. In addition, software companies' development teams, quality assurance teams, and IT
operation teams to get more knowledge and understanding of DevOps implementation in the

Ethiopian software development context.

The research is expected to produce results that can help organizations to create stronger bonds
between the development team, IT operations team, and other stakeholders in the company. This
research is also endeavor to propose guidelines for the successful implementation of DevOps in
the Ethiopian software industry; and thus software companies and business stakeholders are able

to develop their own specific strategies.

1.6. Research Organization

The first chapter is an introductory section in which the researcher describes in detail the study's
background, problem statement, and objectives, and then presents research questions,
significance, scope, and limitations. Chapter two mainly discusses the concept of DevOps,
implementation practices, and empirical and theoretical literature. The third chapter discussed
the research methodology. It uses questionnaires and interviews to answer the research questions.
Data presentation, analysis, discussions, and guidelines are presented in the fourth chapter.
Finally, Chapter five summarizes the findings of the study with a conclusion and
recommendation. It also includes limitations and recommendations of the study for future

research.
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CHAPTER TWO

2. REVIEW LITERATURE
2.1. History of DevOps

The emergence of DevOps starts with Agile. Agile methodology is a collaborative, self-driven,
customer-oriented, iterative, and evolutionary approach. Agile is popular in the software induslfy
because of its benefits like faster delivery and improved quality features. Agile is better than
existing traditional approaches like a waterfall and incremental approach in terms of customer
satisfaction (Batra, 2020). At the agile conference in Toronto, Debois (2008) helps to plant the
seeds of the DevOps movement, resolving the conflict between the software developers and the
operations teams when it comes to getting great work done quickly. Similarly, in 2009,
Allspawin and Hammond discussed 10+ Deployments per Day: Dev and Ops Cooperation at
Flickr at the O'Reilly Velocity conference. In 2010, the first US Developer Days were organized
with the help of Willis. The events quickly established themselves as a regular global series of
community-organized conferences, as well as a major driving force in the DevOps community.
In 2011, the DevOps community started to build open-source tools like Vagrant (for creating and
configuring virtual development environments) that work with existing management tools like

Puppet and Chef.

According to Hamunen (2016), DevOps has evolved from a collection of ideas and buzz into a
more coherent and standardized process. While the name became popular and got a lot of
attention, the initial traction was limited to startups, more specifically, organizations that provide
web applications. These apps were created by developers (the Devs), who typically delivered
changes and updates to their web apps in a very short period of time. The main common barrier
they encountered was that of operations (the Ops), which was slow in implementing those

changes due to rigid and rigorous change management processes (Sharma, 2017).

According to Sharma (2017), the DevOps movement aims to address this impedance mismatch
between the Dev and Ops teams, bridge the gap, and foster more communication, collaboration,
and trust. At its core, it was a cultural movement aimed at bridging the gap between Dev and Ops
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as well as using automation to make application delivery faster, more efficient, and eventually
continuous. In 2010, Humble, then at Thought Works, took DevOps to practitioners throughout
the industry with his book Continuous Delivery, codifying some of the practices that make up the

core of DevOps and making DevOps adoption tangible and available to all (Sharma, 2017).

2.2. The Concept of DevOps

DevOps is an emerging concept, but the efforts to harmonize various aspects of the entire
development-to-operations process mark the start of a new era. An IT service delivery approach
rooted in agile philosophy with an emphasis on business outcomes, not business orthodoxy. In
simple terms, DevOps refers to an umbrella concept that encompasses people, processes,
technologies, culture, and artifacts required to connect development to execution. People are the
critical element in the equation in both processes. To effectively use the tools across the process
or lifecycle, people should be encouraged to abide by some guiding principles to drive a common

mindset (Menzel, 2015; and Macarthy and Bass, 2020).

DevOps is a concept linked to organizational success when implementing information
technology solutions. According to Hart and Burke (2020), DevOps is a framework for
improving operational efficiency and insight into organizational needs by bridging the gap
between development processes and organizational operations, promoting faster deployment and
automated IT implementation. According to Menzel (2015), higher automation, improved
visibility, and tighter control of the pre-production and production environments, as well as
deployment or promotion of code across varied environments, are all part of DevOps' approach
to addressing the aforementioned difficulties. It also aims to break down the "wall of confusion"
that exists between development and operations workers by synchronizing development and
operations tools (enabling input from operations to development) and realigning objectives and

incentives (Menzel 2015).
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Figure 1: DevOps life cycle processes (Yarlagadda 2021).

2.2.1. Definitions of '""DevOps"

Before looking deeper into the core capabilities and practices that must be adopted, as well as the
various plays that must be executed, to implement DevOps in an organization, it is better to
understand the definition of the term DevOps. Software companies have become increasingly
passionate about and involved in the DevOps movement over the last several years. It is so
exciting to see all the impact of DevOps that is coming from the innovation happening in the
industry on individuals and organizations. However, DevOps is also such a broad, vague, and
confusing term that everyone has their own take (Macarthy and Bass, 2020). DevOps is a
combination of development and IT operations, and it is defined as a methodology, practice,
tools, culture, and philosophy that employs cross-functional teams to develop, check, and

discharge software faster and more accurately through automation.

DevOps is a development methodology that emphasizes cooperation and interaction, team

collaboration, quality standards, and delivery with automated deployment, all while leveraging a
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variety of development procedures and removing barriers to the instant and continuous
deployment of new service offerings (Wang and Liu, 2018; and Mohammed. 2016). DevOps is a
practice that simplifies the software delivery process by streamlining feedback from production
to development and shortening the cycle time (Macarthy and Bass, 2020; and Hiittermann,
2012). Furthermore, it is a set of procedures designed to minimize the time between committing

a change to a system and putting the change into normal production while maintaining high

quality (Bass et al., 2015).

In general, DevOps is a culture that pursues the arrangement of practices to consolidate the
DevOps and IT operations teams. Its real objective is to deliver software life cycles faster. This
culture builds the organization's speed to deliver the software applications and their related
services. DevOps is a culture that fosters collaboration between development and operations
teams in order to send code for generation faster in a robotized and repeatable manner
(Muhammad et al., 2020). Thus, DevOps emphasizes a new culture in which development and
deployment tasks are shared between developer and operations teams and where all team
members accept responsibility for the quality of the final deliverable (Rowse & Cohen 2021).
According to Muhammad et al. (2020), DevOps is fundamentally a combination of two words:
"Dev" and "Ops." Dev refers to development (representing software developers, including
programmers, testers, and quality assurance personnel) and Ops refers to operations
(representing the experts who put software into production and manage the production
infrastructure, including system administrators, database administrators, and network

technicians).

Software Development

The software development process models used in the IT industry adhere to a common
framework that is used to efficiently and productively structure, fully intend, and regulate the
process of developing an information system. There are several software development life cycle
models defined and designed to be used during the software development process. Each process
model follows a series of steps unique to its type, ensuring success in the process of software
development. Traditional software development life cycle models are the Waterfall Model,
Iterative Model, Spiral Model, V-Model, and Big-Bang Model. In 2001, Agile was introduced to
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the industry, and companies used to practice agile concepts such as Scrum and Kanban. A few
years ago, the industry introduced DevOps, which was an improved version of agile focusing on
operational aspects (Perera et al. 2017). Further. Dev is a process for creating a software product
consisting of inter-relented activities of software requirements analysis, architectural design,

coding, testing, integration, and acceptance testing (Lwakatare, 2017).

IT Operations

The IT operation is responsible for the provisioning of hardware and software; personnel with
specialized skills; specification and monitoring of SLAs; capacity planning; business continuity;
and information security. Most of these responsibilities have aspects that are included both inside
and outside of DevOps processes. Any discussion of which aspects of Ops are to be included in
DevOps must take into consideration all of the activities that Ops currently performs and
involves functional activities, personnel skills, and availability (Bass et al. 2015). In addition,
Ops is the process of putting into use and supporting end-users in the use of a software product in
an operational environment. Furthermore, its activities include installation, upgrade, migration,
operational control, monitoring, configuration management, alerting, availability, and support

(Lwakatare, 2017).

Development and Operations

The solution to this battle between Dev and Ops is what DevOps addresses: to achieve the
balance between innovation and stability and between the speed of delivery and quality. To
achieve this, both development and operations need to improve how they operate and align

(Sharma 2017).

The Dev View: The Ops need to change more than Dev, but Dev also needs to make several

changes:

¢ Dev needs to work with Ops to understand the nature of the production systems their
applications will be running on. What are the standards for the production systems

(environmental patterns) and how should their applications perform on them? Within
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what constraints do the applications need to operate? Dev now needs to understand

system and enterprise architectures.

Development needs to get more involved in testing. This means not just making sure that
their code is bug-free but also testing the application to see how it will perform in
production. This requires Dev to work closely with Quality Assurance (QA) and to test
their application in a production-like system. Dev also needs to learn how to monitor

deployed applications and understand the metrics Ops cares about.

They need to be able to decipher how processes interact and how one process can cause
another one to slow down or even crash. They need to understand how changes to their

code will impact the entire production system, not just their application.

DEV needs to communicate and collaborate better with Ops.

The Ops View: Ops need to be able to provision new environments rapidly, and they need to

design their systems to absorb rapid change.

Ops need to know what code is coming and how it may impact their system. This
necessitates their involvement in development; beginning with understanding the
requirements and system specs of the applications being developed. This process is
referred to in Lean and DevOps as "shift left." They need to make sure that their systems

can accommodate these applications as they are enhanced.

Ops need to automate how they manage their systems. Rapid change with stability cannot
be achieved without automation. Automation will allow not only rapid change but also
rapid rollbacks if something does break.

Ideally, operations need to version their systems. This can only be done when the

infrastructure and all changes to it are captured and managed as version-controlled code.

Thus, they need to leverage infrastructure as code or, even better, software-defined

environments.
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+ Ops need to monitor everything throughout the delivery pipeline, whichever environment

the Ops teams manage. They need to be able to spot potential instability as soon as it

happens.

» Ops need to communicate and collaborate better with Dev.

Figure 2: DevOps encourages collaboration between software development and operations
(https://dhareshvadalia.medium.com/transitioning-from-traditional-sdlc-to-devops-

model-92aaa23b0e97 )

2.2.2. The key areas of DevOps

DevOps’ key area includes fundamental characteristics that define the concept. The major
features depict and characterize the various aspects of DevOps, as well as the steps taken to
address problems caused by a lack of collaboration between software development and
operations. Through the various elements, software practitioners can begin to debate the concept
of DevOps, leading to a shared understanding of DevOps and identifying area where DevOps

can be implemented (Lwakatare, 2017).

At the first DevOps Days conference in the United States in 2010, two DevOps pioneers, John
Willis and Damon Edwards, coined the acronym “CAMS” to describe the DevOps Concept.

"CAMS" is an acronym that stands for Culture, Automation, Measurement, and Sharing (Nybom
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et al., 2016; Hamunen, 2016; and Macarthy and Bass, 2020). Humble and Farley (2010), the
authors of the book on Continuous Delivery, later added the letter "L" for "Lean” to create
"CALMS." Let's break down each of the "CALMS" elements so we can get a better sense of

where an organization is on its DevOps journey.
Culture

The foundation of DevOps implementation is culture. While the tangible components of DevOps
primarily consist of new processes and tools for continuous deployment and integration, DevOps
is nothing more than a buzzword unless the company culture embraces everything that comes
with the package (Hamunen, 2016). DevOps is also all about people because it is primarily a
cultural movement. Even if a company implements the most up-to-date and efficient tools and
processes, they are useless unless they are used by the right people (Freeman, 2019; Hiittermann,
2012). As a result, according to Freeman (2019), developing a DevOps culture is central to

DevOps.

According to Hiittermann (2012), DevOps culture is about trust and a sense of community,
forming a "we" culture rather than a "us versus them" culture. DevOps requires transforming the
company culture from a collection of silos to an openly collaborative way of working. It
necessitates involving operations personnel in the design and transition of the application. They
should also attend necessary planning meetings, retrospectives, and project team displays in
order to share their perspectives and knowledge early in the process (Hamunen, 2016). A
DevOps culture is defined by Freeman (2019), Hiittermann (2012), and Kim et al. (2016) as a
culture characterized by a high degree of collaboration spanning roles and teams, enabling
continuous learning, high trust, accepting that failures occur, and making it acceptable to talk

about problems to prevent and solve them.

Automation

DevOps relies heavily on automation. Automation is used to obtain immediate feedback. There
are various approaches to optimizing delivery, but when aiming for a high degree of automation,
pitfalls must also be considered (Hiittermann, 2012). Automation, according to Hiittermann

(2012), is the use of solutions. Automation, according to Hiittermann (2012), is the use of
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solutions to reduce the need for human labor. Automation can ensure that the software is built
the same way every time, that the team sees every change made to the software, and that the

software is tested and reviewed in the same way every day, ensuring that no defects slip through

or are introduced due to human error.

Automated software releases can be deployed to any deployment environment, including testing,
staging, and production, with the click of a button. Automation tools are required for the
automated release and deployment of software. Tools for managing application life cycles, such
as development, testing, release management, configuration management, monitoring, and
control (Freeman, 2019). In addition to supporting self-service technologies and platforms,
DevOps strives to establish autonomous teams that can apply their expertise in their daily work
without relying on other teams. They also claim that automation enables businesses to build an
effective software delivery pipeline in which small teams can rapidly develop, test, and deploy

code and value to customers (Kim et al. 2016).
Lean

The goals of lean manufacturing are to ensure the rapid delivery of high-quality products while
focusing on waste elimination and cost reduction. In several industries, lean manufacturing has
resulted in significant cost and resource savings, much higher-quality products, and faster time to
market. In the field of software development, this philosophy is becoming more mainstream.
Lean is certainly not limited to small systems. It was developed and applied to massive

organizations and even entire economies (Humble and Farley, 2010).

Lean and Agile practices, according to Freeman (2019), are at the heart of DevOps. Lean
emphasizes incremental improvements and divides work into small batches that can then be
delivered to end customers quickly and frequently on a daily basis. Frequent releases enable
users to provide quick and useful feedback, such as feedback on the most recent software
version, and this feedback enables learning, improvement, and adaptation in response to the
feedback. To optimize software delivery processes, the Lean software development movement
teaches the importance of taking a holistic approach that connects all parts of the delivery

process and everyone involved (Humble & Farley, 2010; and Asfar et al, 2017).
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Measurement

Measurements are used to monitor and track performance, and DevOps takes a unique approach
to measurement. Application monitoring in production is another point of view on measurement.
Measurement is emphasized in traditional projects as an important tool for tracking progress,
identifying current status, and scheduling dates. Agile project settings try to find different
approaches to creating measurements, but they frequently end up on dead ends when attempting
to bridge operations to development. Measurement is important in both traditional and agile

projects because you can only improve if you measure (Hiittermann, 2012).

Measurement in DevOps is also defined by Humble and Molesky (2011) as "monitoring high-
level business metrics such as revenue or end-to-end transactions per unit time." At a more
fundamental level, it necessitates the careful selection of key metrics in the delivery process,
such as lead-time and the impact of releases on system stability. Measurement influences how
people work, and visualization of these metrics is critical so that everyone can see how well the
team is doing at any given time. Metrics also influence the discovery of process bottlenecks,

which is an important step in keeping the process lean (Humble and Molesky, 2011).
Sharing

The final important aspect of the CALMS model is sharing. A transparent culture with cﬂ"ectiv_c
channels for exchanging knowledge across teams is required to break down the barriers between
Development and Operations. Sharing occurs on several levels. The development and operations
teams can celebrate successful releases together, which is a simple but effective form of sharing.
It also entails sharing knowledge, such as ensuring that the relevant operations team is aware of

any new functionality that will be available to them as soon as possible, rather than on the day of

the release.

DevOps also emphasizes the sharing of development tools and techniques for managing
environments and infrastructure (Humble and Molesky, 2011). In addition, knowledge
management is a process that promotes sharing. Three-tier knowledge management is a method
of representing knowledge types related to exploration, evaluation, and execution. Exploration is

concerned with observing technological trends and developing plans to innovate and improve.
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The study of the feasibility and specification of software is referred to as evaluation. The
construction, testing, and operation of a software product is referred to as execution (Floris et al,

2014).

2.3. The Implementation of DevOps

DevOps perpetration is still a challenge for numerous companies that struggle with further than
just software development. DevOps' growing perpetration by utmost associations throughout the
world demonstrates that it has the implicit to be a significant enabler for achieving product
delivery scale. DevOps principles enable a business to give software that's briskly, better,
advanced quality, and more dependable. A culture of cooperation and collaboration among all
functions of the association is needed for successful DevOps perpetration. According to
Lwakatare (2017), no generally accepted frame exists for DevOps perpetration or
relinquishment. The perpetration of DevOps in software associations isn't homogeneous due to
numerous differences, similar as the objects and the starting birth of the association, among
others. DevOps perpetration entails a series of organizational and socio-specialized practices
employed by software associations to grease collaboration between software development and

operations (Lwakatare, 2017).

2.3.1. Implementation of DevOps: An Organizational Perspective

The majority of DevOps practices focus on organizational structures and concern how
organizations deal with the connections, communication gaps, and liabilities between software
development and operations, as well as the corresponding artistic changes (Nybom et al. 2016;
Jones et al. 2016; and Chen, 2017). According to Cito et al. (2015), four practices on
organizational structure can be observed from software interpreter responses in the software
development process. These are: 1) high collaboration between software development and
operations; 2) detachment of software development and operations with a mediator (al.]
individual or platoon) between the two groups; 3) the software development platoon gaining
additional responsibility for software operations; and 4) no noticeable software operations

platoon.
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The most current practice is stated to be first on the list in large associations, whereas the final
two are more common in small and medium- sized associations (Cito et al. 2015). According to
Lwakatare (2017), the configuration operation platoon at Facebook advocated the practice,
which consisted of a small group of masterminds responsible for enforcing configuration tools as
well as masterminds developing a Facebook web operation (Lwakatare, 2017). The configuration
operation platoon masterminds are said to be in charge of the development and product
deployment of new features, as well as covering and resolving product issues of configuration
tools used by thousands of Facebook masterminds to manage configurations of hundreds of
thousands of waiters and over one billion mobile devices (Lwakatare, 2017). Facebook neural
pathways are said to be particularly interested in developing and testing legislation that must
support functional use while also keeping the system running smoothly at all times. The
formation of a separate platoon to act as a bridge between the two groups was an essential
practice for software inventors assuming additional operational responsibility, particularly in
large organizations (Lwakatare, 2017). According to Lwakatare (2017), large organizations form
a dedicated platoon composed of a slight number of members with interdisciplinary contexts,

such as software development and operations.

2.3.2. Implementation of DevOps: A socio-technical perspective

Practices concerning defined way, specialized structure, and mortal agents involved in software
development and operations are central to the socio-technical aspects of DevOps perpetration
(Cito et al. 2015). Cito et al. (2015) linked similar practices in a software interpreter check after
pertaining areas of software development that are changing as a result of pall computing. The
practices are classified as follows: 2) software deployment and provisioning: 3) software design
and implementation; 4) software is monitoring and product data operation; and 5) tooling (Cito et
al. 2015). According to Lwakatare (2017), the early and prominent DevOps adopters are

software companies that do pall and web operations.

The specifics of the practices vary from one organization to the next. Nonetheless, a common
practice observed is the use of a deployment channel (Lwakatare, 2017). The deployment
channel describes the path that software changes take and the conditioning that is done on their

way to product. The deployment channel includes many aspects of software development that
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aren't always prioritized by the software development platoon. The deployment channel,
similarly, is where cross-cutting enterprises and knowledge between software development and
operations intersect (Bass et al. 2015). The deployment channel provides visibility into the

software delivery process and allows for immediate feedback on the impact of software changes

on product readiness.

Furthermore, the deployment channel provides control over the software delivery process,
allowing the software development and operations teams to quickly release any chosen
interpretation of software into the environments that the teams manage (Lwakatare, 2017). The
high-level overview of workflow conditioning in the deployment channel begins with a law
committed by an individual software inventor to an interpretation control system in a
development terrain in which all platoon members participate. To complete the task of making a
software change, point branches can be used. In the following stage, continuous integration
monitors the law commits to validate law changes against automated tests, such as unit and
integration tests, and generates a figure as an affair if all tests pass. Following that, the figure
packages that passed the tests are stationed to the posterior surroundings and, eventually, to the

product environment.
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Figure 3: Deployment process (Batra and Jatain 2020).
2.4. Practices, Benefits, and Challenges of DevOps Implementation

DevOps arose as a result of issues with the traditional method of managing development and

operations. To overcome this problem we implement DevOps in software organizations. During
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the successful implementation of DevOps in software organi . R o

and challenges. This section will give an overview of the main practices, benefits and challenges
on the successful implementation of DevOps,

2.4.1. Practical Benefits of DevOps Implementation

Currently, empirical studies have found numerous advantages to implementing DevOps.
Reduced lead-time, enhanced change success rate, and improved collaboration between
developers and operations are just a few advantages. Reduced lead time and increased
deployment frequency are the main advantages of DevOps. The time it takes for changes to go
from code committed to code successfully running in production demonstrates how lead time is
defined. Furthermore, deployment frequency refers to how frequently the company deploys code.
Using Lean methodologies to reduce batch sizes and automating the delivery process are
important contributors to these metrics. High-performing IT organizations outperform low-
performing organizations by 200 times. Furthermore, by minimizing bottlenecks and ecasing
deployment pains, high-performing organizations deploy 30 times more frequently than low-
performing ones. High-performing organizations employ DevOps approaches in this context
(Hamunen, 2016).

More deployments mean a shorter time to market and an improved feedback loop. Organizations
with an improved feedback loop have a better understanding of customer reactions to features
and, as a result, a better means of continuous improvement. Another advantage of DevOps is a
higher rate of change success. Organizations have seen a reduction in deployment pains with a
well-established continuous development pipeline in place. The percentage of changes that
succeed when rolled out into production is defined as the change success rate. According 1o the

2015 State of DevOps research, high-performing organizations have a 60 times higher rate of

deployment success than low-performing ones (Hamunen 2016).

The use of version control. infrastructure as code, automated testing, and common build
mechanisms for different environments to prevent code errors and configuration differences is
eritical to realizing this benefit. Employee satisfaction and a lower level of burnout in stafl are

attributed to a high change success rate when unplanned, meaningless work and related stress

ased stability. In this context, stability refers to a

decreases. DevOps also contributes to incre
20|Page



system's bility fo process requests while remaining error-free. Enhanced stability is achieved by

incorporating quality into the system through the use of automated tests. developing applications
with testability and deployability in mind, and fostering a culture of continuous improvement

(Hamunen, 2016).

It has also been demonstrated that implementing DevOps has cultural and organizational
benefits. Developers and operations have been observed to work more closely together, and the
necessary expertise has been embedded in the software development team, especially when
dealing with operations-related tasks. The latter aided in improving team morale and ecasing
communication between software development and operations, particularly because teams could
release software more frequently and confidently. Despite their importance, improved cultural

changes as a result of DevOps have been reported to be difficult to quantify (Lwakatare, 2017).

2.4.2. Implementation Challenges for DevOps

In the literature, major barriers to promoting DevOps include a lack of a clear definition,
insufficient communication, ingrained company culture, association structure, and geographical
dispersion. Some research looks at how DevOps is relinquished and perpetrated to describe the
issues. The following issues have been identified based on previous publications and trials

conducted over time.
i) DevOps is not Well-Understood

Despite setting a clear goal of understanding DevOps through cutting-edge research before
embarking on a DevOps journey, one barrier to acceptance was that people understood DevOps
in a variety of ways. As a result, some colorful stakeholders working in chaos had some
unrealistic DevOps expectations. As a result, a diverse set of stakeholders had some unrealistic

DevOps expectations, leaving them perplexed and confused (Elberzhager et al., 2017).

i) Obstacles in the Workplace and in the Community

Organizational and cultural barriers are two of the most visible issues that DevOps seeks to

address. The division of development and operations into different brigades or "basically

approximately connected working groups
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producing value-added software quickly.

In addition to being in separate brigades, development

and operations may not have a consistent language for expressing their ideas and issues. This

causes misunderstandings, confusion, and unnecessary work on both sides. as well as on the

business side. Fear is the final impediment. Fear is a negative attitude toward learning that is

common and is associated with old habits and the fear of losing power, character, or influence

(Hiitterman, 2012).
iii) Liabilities between software development and operations are muddled

Some argue that close collaboration between software development and operations blurs the line
between the two (Nybom et al. 2016). Because there is no participated law of conduct that
includes a clear assignment of liabilities, similar to product and design directors, the new culture
is poorly understood or appreciated by those affected, including stakeholders in software
development with the operation portion (Elberzhager et al. 2017, Jones et al. 2016). Furthermore,
the DevOps practice of combining development and operational liabilities introduces a new point
of contention, especially in the absence of confidence (Nybom et al. 2016). The operations labor
force is unable to completely delegate their responsibilities to software masterminds due to a lack

of expertise in operations jobs among software innovators.
iv) The Operations Team's Defiance

The resistance of the operations team has also been identified as a barrier to DevOps
abandonment. As forms of resistance, exposures generated by operations in using specific
technologies presented by software development, as well as the notion that software inventors

would have to accomplish everything on their own, were observed (Jones et al. 2016).

2.5. Related Works

DevOps is defined in several ways, with an emphasis on the culture of DevOps and its reliance

on a set of software engineering processes. For example, Leite et al. (2019) led a literature
assessment of DevOps renunciation provocations and found that while specific concerns like

DevOps automation are more easily established in literature, there isn't yet agreement on how to
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deploy DevOps culture effectively. This is due to the fact that studies aren't focused on specific

examples of DevOps practice and culture.

Despite this, Gupta et al. (2017) conducted numerous large-scale researches in order to discover
the attributes relevant for determining the maturity of a DevOps program. They identified source
control and automation technologies as critical to achieving nonstop delivery principles in their
research. They also identified "cohesive brigades" as a key set of DevOps characteristics. Luz et
al. (2018) surveyed DevOps interpreters from 15 different organizations in Brazil, Ireland,
Portugal, Spain, and the United States. Their research aided our understanding of successful

DevOps decommissioning strategies. They listed automation, transparency and sharing,

dexterity, adaptability, nonstop dimension, and quality assurance as DevOps enablers and issues.

Some research has also focused on the problems of DevOps and how to investigate them
qualitatively. DevOps issues are identified by Lwakatare et al. (2016). Client dependency,
software incompatibility, restricted sight of client surrounds, and a lack of technology to
automatically embed new capabilities into client environments were identified as the top
obstacles in their study. In three case studies in Finland, Riungu-Kalliosaari et al. (2016) studied
the benefits and limitations of DevOps. They set up challenges largely girding the DevOps
culture and implementation across various environments, with benefits including more enforced
features and frequent releases, improved release quality from automation, improved
collaboration and communication between functions, and the well-being of the DevOps

implementation team.

Literature focuses on social and creative miracles in addition to the particular miracle of
DevOps. Jones et al. (2016), for example, highlighted DevOps' operational structure issues, as
well as the unclear obligations between development and operations units. They also found that
innovators are usually tasked with maintaining outdated systems, which hinders their
understanding of new DevOps technology. The scarcity of specialized skills, the complexity of
setting up tools for the deployment channel, as well as reluctance to change and a lack of clear

liabilities, were among the DevOps hurdles that needed to be solved. Erich et al. (2017) describe

issues that arise when promoting DevOps. They created a demand for a diverse range of

Specialized and interpersonal skills, as well as collaboration. This is necessary since the
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development and operational channels contain personnel from several disciplines who contribute

o the pipeline's specific remnants and components.

Major Gaps of Related Works

All of the previous research has revealed the implicit benefits, as well as the problems and
practices related with DevOps. They also aid in highlighting the relative positions of culture and
practical implementation in various software diligence. Nonetheless, that literature examines
unique issues and challenges in several advanced countries. When it comes to developing
countries, the circumstance that makes borrowing and applying new technology so difficult
encounters even greater hurdles, and the country's major problems become even more
convoluted. As a result, DevOps societies, advantages and/or practices, and difficulties should be
considered in the context of a certain country's working environment and people's mindfulness
capacity. Accordingly, this study concentrated on Ethiopian software development firms in order
to fill some research gaps on developing countries' approaches to adopting and customizing

DevOps implementation processes.
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CHAPTER THREE

3. RESEARCH METHODOLOGY
3.1. Overview

This chapter describes and explains the research methodology that was used throughout the
research process, as well as why it was important. First, the study's overall research approaches
are explained. Second, the research design selection is presented. Third, the researcher discussed
the study's population and sampling; data collection methods and procedures; data analysis

approaches and techniques; and the study's validity and reliability.

3.2. Research Method Approach

Procedures for collecting, analyzing, interpreting, and reporting data in research studies are
known as research designs. There are three types of research methods approaches to conducting
research: qualitative, quantitative, and mixed methods (Creswell, 2014). In order to answer the
designed research questions, the researcher used a mixed research method approach, which is a
combination of important elements of quantitative research and qualitative research. Mixed
methods research can provide a more complete picture than a standalone quantitative or

qualitative study because it combines the benefits of both methods.

3.2.1. Research Design

Following the decision to use a mixed methods approach for a study, the next step is to select the
specific design that best addresses the research problem. As a result, the researcher chose an
explanatory research design. The Explanatory Research Design (also known as the Explanatory

Sequential Design) is a two-phased mixed methods design.

Figure 4: Explanatory Sequential Mixed Methods Design (Creswell, 2012) .
age



The overall goal of this design is for qualitative data to help explain or build on preliminary

quantitative results (Creswell, et al., 2003), and it also aims to provide relevant information

required to understand the research problem more efficiently. It begins with quantitative data
collection and then moves on to qualitative data collection in order to help explain or elaborate

on the previously obtained quantitative results.

3.2.2. Source of Data

The data sources were divided into two categories: primary and secondary. Primary data is
information that can be gathered directly from informants as a first-hand source. Secondary data,
on the other hand, is information gathered from documents and third parties. Secondary sources
of data were only used for this study to obtain information about the number of registered 1CT
companies in Ethiopia from the Ministry of Information Technology. Because the information
was extracted from the document, it is classified as secondary data. Except for this information,
almost all of the information in this study came from primary sources. All information was
gathered from key informants through the distribution of structured questions and face-to-face
interviews with primary target informants about the practices and challenges of the DevOps
implementation process. In this regard, for both quantitative and qualitative data collection, the

researcher relied solely on first-hand informants.

3.2.3. Sampling Techniques

In this explanatory sequential mixed method research design, quantitative research was carried
out first, followed by a qualitative phase. As a result, the sample method used to select
informants for a quantitative and qualitative approach differs. Because the data was collected

separately, informants were selected using various techniques, as briefly explained in the

following section.

32.3.1. Simple Random Sampling Techniques

Informants were chosen using simple random sampling techniques in the quantitative section of

the mixed research approach. This sampling technique was used by th

informants for the purpose of distributing questionnaires. Members of all selected software
a chance of being chosen as first-hand
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informants. As a result, the researcher determined that using a simple random sampling method,

all members of the DevOps implementation team were taken as representative for the study.

. R
Because the DevOps team's staff was small, no other systematic selection methods were

required; rather, all of them had a chance of being included in the research and could be casily

managed by the researcher.

3.2.3.2. Purposive Sampling Techniques

To cover the qualitative section of the explanatory sequential research design, the rescarcher
used the purposive sampling technique to select informants. The researcher carefully selected
experienced and senior staff from the selected software companies to conduct interviews in order
to collect data. This is because senior staff, managers, directors, and other team members were
purposefully chosen to obtain comprehensive information about the practice and challenges of
DevOps implementation. As a result, all informants were purposefully chosen to obtain
qualitative information based on open-ended interview questions designed to achieve the study's

objectives.

3.2.4. Target Population

The Ethiopian software development companies that have fully or partially implemented the
DevOps process in their organizations are the study's target population. Companies that have not
yet implemented DevOps in their organizations are excluded from this study because the
objective of the study is to identify DevOps implementation practices and challenges. According
to the Ministry of Information Technology, there are currently 435 registered ICT companies in
the information and communication technology sector. Only 143 of the 435 registered ICT
companies are software development companies. However, not all of the 143 software
development companies used DevOps in their operations. DevOps is used entirely or partially by

some businesses.

As a result, the researcher chose 13 of the 143 companies based on their current stage of DevOps
implementation. After gathering information via cell phones and making physical contact, the

researcher chose these 13 companies using a purposive sampling technique. After a physical

inSpection, the researcher chose ten of the thirteen companies. Due to cooperation constraints,
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three companies were excluded from the survey for various reasons. The remaining ten are eager
o contribute data and take part in the survey for this study. As a result, all employees of software
development firms involved in the DevOps implementation process to improve development,

quality assurance, and IT operations contributed to the data collection for this study.

Table 1: The number of respondents and participants

Fs—of?ware Companies Number of Respondents/Participants
Company A ' 12/15
Company B 7/8
Company C 14/20
Company D 36/50
Company E ; 4/4
Company F 6/7
Company G 6/8
Company H 6/6
Company I _ 9/16
Company J 711
Total 107/145

NB. The name of the selected companies is anonymous due to security purposes. They did not

give consent to mention their name in this research.

3.3. Data Collection Instruments

Data collection is the process of gathering and measuring empirical information on variables of
interest using established scientific tools to answer the stated research questions. As a result,

closed-ended structured questions were developed to collect quantitative data, while open-ended

semi-structured questions were produced to collect adequate qualitative data. As a result, both

the questionnaire and the interview were used as data collection tools in the designed explanatory

sequential mixed research method. The section that follows briefly describes the data collection

procedures and tools for integrating the research questions with empirical data.
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33.1. Questionnaire

A questionnaire 1s one of the basic research instruments or tools used to collect data in a

quantitative research approach. As a result, questionnaires are typically used to collect

straightforward information that is brief and unambiguous (Johannesson and Perjons, 2014). The
data collection instrument was primarily developed through a combination of reviews of
literature relevant to meeting the study's objectives. As a result, a type of psychometric response
scale was used in which respondents specified their level of agreement to a statement, typically
on a S-point Likert scale such as 1-strongly disagree, 2-disagree, 3-neutral, 4-agree, and 5-
strongly agree. As a result, the questions for the DevOps team were adapted using Likert scale

questioners.

The following two-step techniques were used to develop the main questionnaire for quantitative

phase of study.

First, the questionnaire items were chosen from the literature. Minor adjustments were made to
some of the questions to better reflect the study's objective. However, most questionnaires newly
developed by the researcher to conduct data based on the statement of the problems and
proposed research questions. Furthermore, based on the studied material, some additional
questions were suggested. Second, the questionnaire was tested in a pilot research with 12
volunteer respondents who worked in the projected Ethiopian Software Companies’ DevOps
implementation team. The goal of the pilot study was to see if the questionnaires gave reliable
and consistent results. As a result, based on the comments of the respondents, changes were

made to the questionnaire items in order to eliminate bias and improve accuracy.

Then, after the feedback of the pilot study, all questionnaires were thoroughly revised and

distributed to the selected informants to accommodate the respondent's experience and obtain

important information. Informants were in various team structures in the selected software

development companies such as development team, quality assurance team, and DevOps team.

As a result, the questionnaire was distributed to all team members in software development

companies, with the goal of identifying DevOps implementation practices and challenges in the

Ethiopian software development industry.
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1.3.2. Interview

The other main tool, which is basically used to collect data from informants in qualitative phase

explanatory sequential research design of mixed research methodology, is an interview. This
research tool was applied to cover the qualitative section of the study. The study consists of
open-ended semi-structured guiding questions were used to collect empirical data from

informants.

Using the guiding semi-structure questions, the interview was made by selected the informants
using purposive sampling techniques. Accordingly, the interviewees were DevOps experts who
work in the DevOps team of their software development companies or software development
team leaders who have experience in DevOps implementation. After the researcher selected main
informants purposively, the next step was contacted the selected respondent’s of the DevOps
implementation senior staff expertise to debrief the objective of the study. One of the major

contacting methods to have permission was internet methods like telegram and google mail.

After getting appointment, the interview has been conducted face-to-face and taken place after a
brief introduction regarding the objective of the study and why the researcher was motivated to
study DevOps implementation practices and challenges, as well as the expected benefits of the
proposed study. The researcher was taking some notes while interviewing and used record with

smart phone recorder based on the consent of the interviewee.

3.4. Data Collection Procedures

3.4.1. Getting Research Permission

Before contacting the informants, getting research permission from the appropriate bodies was
required. Addis Ababa University's School of Information Science and Department of
Information Systems granted permission, and they provided supportive letters to specific
authorized offices and organizations that requested cooperation during data collection. As a

result, letters were sent to the Ministry of Information Technology as well as the ten Ethiopian
software development firms that agreed to take part in this study. Following receipt of the one of

the letters granting permission to conduct research, the researcher contacted all selected

Ethiopian software companies, followed by informants.
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3.4.2. Pilot Study

search issi i ; : : '
After granted re permission, a pilot study was conducted with a sample of 12 purposively

selected respondents in order to test the validity and reliability of the proposed questionnaires. In
addition, it helps to ensure that the instruments are free of ambiguity and irrelevant items. Pilot
study also helps for controlling bias in data interpretation prior to disseminating the survey to the
actual full-scale group. The pilot survey participants were selected from four software
development companies. Participants were works on software developments and 1T operations in
their companies. One to one discussion was held with the pilot study respondents prior to
distributing the questionnaires. All of the participants filled out the questionnaire, which
indicated a 100% response rate of the pilot study. Once the questionnaire was filled out, the
feedbacks were gathered from the participants. In accordance with the pilot test feedbacks, the
questionnaire was amended to improve the clarity of the questions, minimize data interpretation
bias and increase the likelihood of success. In addition, to measure the internal consistency of the
questionnaire, a reliability test was conducted. Accordingly, Cronbach's coefficient alpha was
used as a reliability criterion. Moreover, Cronbach’s alpha is the most common measures of the
reliability of the internal consistency. As Norman (2003:219), this coefficient ranges between 0
and 1, with a high value indicating a high level of consistency among the items. In view of that,
the result (0.813) obtained is greater than 0.70 which is the minimal alpha value to prove the
internal consistency and reliability. Hence, the Cronbach’s alpha test is an indication that the

survey questionnaire’s reliability and internal consistency to use for the study as can be seen in

the table below.
Reliability Statistics
" Cronbach's Cronhach's Alpha Based
Alpha on Standardized ltems N of ltems
813 822 3

Figure 5: Reliability Statistics (Source: Own survey, 2022)
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3.5. Data Analysis

The analysis in the explanatory sequential design began with a quantitative survey study. which

identified statistically significant differences and anomalous results. They then conducted an in-
depth qualitative study to explain why these results occurred. Following this first phase,
qualitative data were collected and analyzed. The second, qualitative phase of the study is

planned to build on (or connect to) the findings of the first quantitative phase.

As a result, descriptive statistics methods such as frequency distribution, mean calculation,
percentages, tabular and graphical representations are used to summarize the collected
quantitative data. Similarly, qualitative data was analyzed using thematic analysis, which
involved organizing and preparing the data into themes from the beginning of data collection.
The researcher rehearsed and edited this method of analysis to avoid unnecessary information
redundancy. Furthermore, an OpenCode software tool with a narrative style was used to conduct

thematic analysis, demonstrating both the practices and challenges of DevOps implementation.

Based on the results of the analysis and existing literature, the discovered practices and
challenges during DevOps implementation were investigated. Furthermore, using the
quantitative and qualitative analysis results, a successful DevOps implementation guideline was
proposed that can address the identified DevOps implementation practices and challenges in
order to improve DevOps implementation practices in the Ethiopian software industry. As a
result, the use of a well-executed approach to evaluating the quality and acceptability of a

research result was regarded as a critical component of the information system research process.

3.6. Validity and Reliability

Data validation, according to Nahid (2003), is "a process that validates the correspondence of the

final data with a variety of quality attributes." Its goal is to ensure a particular degree of quality

by comparing, cohering, and completing the following dimensions: relevance, correctness,

timeliness, and punctuality, accessibility and clarity, comparability, and completion.

Furthermore, in qualitative ways to analyze or control bias and establish valid proposals, the

triangulation method is an important methodological subject. Because the quantitative data
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questionnaire items were adapted from the literature, they were statistically validated to confirm

he data's validity.

[n this study, prior to releasing the questionnaire to the actual participants, a pilot study was
undertaken to evaluate the reliability and validity of the questionnaire items. This helped to
guarantee that the instruments were devoid of ambiguity and irrelevant items. Prior o spreading
the survey to the actual full-scale group, the pilot research is also useful for controlling bias in
data interpretation, and the technique of triangulation would be used. This entailed looking at
material from a variety of sources and putting it together to form a logical explanation of
concepts or themes. The member checking technique, on the other hand, was used to return the

analytic results for a case study to the participants to see if they thought they were accurate.

3.7. Conceptual Framework

Because DevOps is a new technology that is an extension of agile, the key hurdles to practice
comprehend the concept and the implementation process. Each organization has a unique
environment and set of procedures, and each will confront unique problems while implementing
DevOps. Understanding the issues that companies confront and how they attempt to address
them is critical. One key question that may emerge in this regard is, "What is the best practice
that can be implemented in DevOps?" As a result, enterprises will be able to overcome these
obstacles and successfully deploy DevOps within their organizations. The researcher proposes a
conceptual framework for DevOps implementation to identify practices and obstacles. This
thought arose from our ideal concept and other literature. DevOps is a new technology in
software development businesses that aims to improve delivery by expanding agility practices

within a collaborative culture.

In the Ethiopian software development industry. four dimensions are required to identify the
problems and practices of DevOps implementations. They include technology and tools, as well

as procedures, people, and culture. Culture and people are more related to the management

perspective notion, whereas technology, tools, and procedure are more related to the engineering

Perspective concept. As a result, the conceptual map is shown in figure 6 below.
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+ Technology and Tools: This component examines the technologies and tools that assist

the DevOps process in continuous delivery and collaboration between the development

and operations environments.

« Process: Continuous delivery, continuous testing, continuous integration, and continuous

monitoring are all part of the DevOps process. In software development, DevOps

processes use agile practices.

o People: DevOps team members should be skilled individuals who have a strong ability to
improve their abilities through self-learning and team-learning. Team members should

collaborate closely and help one another.

o Culture: DevOps is a culture of collaboration among all team members. DevOps requires
a new culture that promotes transparency and collaboration between development and

operations teams.

Culture E People
Management perspective :
-------------------------- DevOps:-= S
Engineering perspective !
Technology and 5 Process
Tools

Figure 6: DevOps Implementation Conceptual Maps (Leite et al. 2019)
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CHAPTER FOUR
4. DATA PRESENTATION, ANALYSIS, AND DISCUSSION

4.1. Overview

Based on the objectives, this chapter presents, analyzes, and discusses data from various sources.
First, respondents’ demographic information is presented, such as their educational level, work
experience in software development and/or IT operations, whether they have implemented
DevOps, and how they have implemented DevOps in their companies. Second, the descriptive
analysis of quantitative data was presented first, followed by the presentation and analysis of
qualitative data using the thematic analysis method, in accordance with the explanatory
sequential research design used in the mixed research approach. Following the completion of the
quantitative and qualitative data presentation and analysis phases, a combination of data was
discussed in order to strengthen and validate the study findings. Finally, based on the findings, a
guideline was presented as an expert suggestion to improve the challenges of DevOps

implementation.

4.2. Demographics Information

The researcher chose ten Ethiopian software development firms to conduct research on the
practices and challenges of DevOps implementation. There were 145 total informants who
received questionnaires. However, as shown in the table below, not all 145 informants took part

in the study for various reasons. Out of 145 participants, 107 were fully engaged in this study.

Table 2: Distribution of Questionnaires

micipants Total | % Remarks

Number of Companies 10 100 | All selected companies are involved

_Number of selected Respondents | 145 100 | All selected respondents received the questionnaire
Teceived Responses 107 73.8 | Majorities questionnaires are collected

The researcher attempted to distribute questionnaires 10 145 informants from ten software

» # ik S , , R~ S
development companies. However, due to a variety of factors, it was only able to reach 112

respondents. Eight of the 115 respondents provided incomplete responses, while the remaining
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107 provided valid responses. As a result, eight of them were rejected from the study, while the
remaining 107 were represented as a study sample and included in the study. During this study,
Al respondents were worked in the software development, IT operations, quality control, or
esting for their respective software companies. The data collection period lasted one month and
twenty days

42.1. Demographic Findings

The demographic information gathered by the survey questionnaires was used by the researcher
o draw conclusions about DevOps implementation practices and challenges among developers
and IT operations. The information was gathered using three key parameters: educational level,
work experience, and DevOps implementation. Educational level and work experience are
important in understanding the demographic nature of the study population, whereas DevOps
implementation is important in understanding how and why they use DevOps in their services.
The researcher briefly discussed those parameters in the following sections to explain why they
are important in this study. '

Table 3: Demographics of participants

Total Distributed Collected Questionnaires
IT Staff

Questionnaires | Education Level ;
MA/Msc | BA/Bse | Diploma | <2yrs | 2-8yes | 6:10yrs | =10yes
15 4 8

8 | 6 0 3 1 2 |
120 4 0|
150 7 29 0 g 17 13 i
4 0. 4
1 4 I 4 1 0 )
8 | 5
6 0 6 0 1 -] 0 0
16 1 8
145 19 87 .
145 107 107




NB. The name of the selected companies is anonymous due to s

ecurity purposes. They did n
give consent to mention their name in this research. o v

42.1.1. Respondents” Educational Level

Knowing the respondents’ level of education allows the researcher to assess their understanding
of DevOps concepts and their ability to transition from the traditional way of implementing to
the new culture of working with new technology. Employees resist the implementation of new
technology due to a lack of education or a lack of proper management. Sometimes there is a
knowledge gap of new technology due to low education level and difficulty accepting new ways
of working. If the company has a high-level of education staff, DevOps implementation is either
better or has some challenges due to training and workshop gaps rather than a knowledge gap.

As a result, it assists the researcher in determining how education level affects DevOps

implementation.

As a result, as shown in Figure 7, the majority of respondents in this study have a first degree,
which represents (N = 87), or 81.3 percent of all respondents. Master's degree holders are the
next largest category of respondents (N = 19), accounting for 17.8 percent of all respondents.
Only one respondent (N = 1) has a diploma, accounting for 0.9 percent of all respondents. This
demonstrates that the survey includes personnel of various educational levels to ensure that the

sample is well represented.

What is your current level of education?
: M Diploma
-anwu
W Master's degree

0.93%)
|
|
|

& " by > "M
Figure 7: Educational Level of the Rcspondcnts (Source: Own survey, 2022)
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4.2.1.2. Respondents’ experience or Service Year

This demographic information assists the researcher in determining whether the experience of
software company employees influences DevOps implementation practices. Figure 8 depicts
respondents’ work experience in software companies. According to the data, nearly 40.19 percent
of respondents have two to five years of experience, accounting for 43 of the 107 respondents.
Around 31.78 percent of respondents have six to ten years of experience, accounting for 34 of
the total number of respondents. Approximately 20.56 percent of all respondents have served for
less than two years. Furthermore, 7.48 percent of respondents have more than ten years of work
experience. This implies that respondents in the survey had sufficient experience in software
companies to understand DevOps implementation practices and difficult processes in their
software companies. This demonstrates the sample's representativeness in this study.
Furthermore, it helps in determining the impact of employees' service years on DevOps

implementation success.

How many years have you worked in the software development
andlor IT operation field?

Less than two
-years

M2 5 years
M6 - 10 years
[ More than 10 years

Figure 8: Educational labels of the respondents (Source: Own survey, 2022)

42. Quantitative Data Presentation, Analysis, and Discussion

This section presents, analyzes, and discusses quantitative data. As previously stated, all of the
data presented here was gathered via a questionnaire from 107 informants. All of the data
gathered was valued in order to demonstrate the practice and challenges of DevOps
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implementatlon in the selected Ethiopian software companies. Following the question forwarded

i the gegpondents, the major points of the findings are discussed briefly in the following

sections. The first two sections focused on the respondents to assess their familiarity with
DevOps practices and challenges, as well as to ensure that the selected software companies had

practically adopted DevOps and how they implemented their services in accordance with the

needs of their customers and markets.

43.1. Implementation of DevOps in the Software Companies

Discussing DevOps implementation in software companies is critical to determining employee
exposure to the DevOps concept. Figure 9 depicts respondents' DevOps implementation in
software companies. According to the graph, nearly half of the respondents (65.42%), or
approximately 70 responses out of the total number of respondents, have DevOps partially
implemented in their software companies. The remaining survey respondents represent
approximately 34.58 percent of those who have fully implemented DevOps at their software
firms. This implies that survey respondents had a solid understanding of DevOps implementation
practices and challenges in their software companies. It also helps to understand DevOps

implementation practices and challenges in the Ethiopian software development industry.

Have you implemented DevOps in your software company?

B rully implemented
W Partially implemented

Figure 9: Educational label of the respondents (Source: Own survey, 2022)
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o Methods of DevOps Implementation in the Selected Software Co i
mpanies

{low does your company implement DevOps?

This question was presented to respondents in order to determine how Ethiopian softwar
. 0 { : . e~
companies have implemented DevOps. The researcher attests to DevOps implementation in |h:
selected software companies and is interested in expanding its use. According to Table 4, 19% of
respondents who have implemented DevOps in their organizations need to increase thc.lcvcl of
automation in testing by documenting the procedure for configuring and monitoring services. To
implement DevOps in their company, 15.7 percent of respondents' software companies use Dev
and Ops pairing to form one team and early incorporation of Ops into Dev projects. 14.9 percent
of respondents said their company implements DevOps by increasing Ops competence in Dev
teams, particularly in outsourced operations. In addition, nearly 14.2 percent of respondents said
their organizations are implementing DevOps through organizational structural changes, such as
the incorporation of feature teams. The remaining respondents describe how their company

implements DevOps by forming a DevOps team and implementing infrastructure-as-code.

Table 4: Educational label of the respondents

How does your company implement DevOps?

Responses Percent of
B Parcant Cases
; H"Wdﬂ'aﬁvﬂm company 1. Dev and Ops paring ta 42 16.7% 30 3%
Jimplement DevOps?*® form one team
2. Formulating DevOps 34 12.7% 31 8%
team
3. Employing 21 7.8% 19 6%
infrastructure-as-code
practice
4. Early incorporation of 42 167% 38.3%
Ops in Dev projects . {
5 Increase competence 40 14.9% 37 4%
of Ops in Devteams
especially in outsourced
Operations Y
5 MNeed to increase the 51 19.0% 47 7%
level of autornation in
testing, documenting the
procedure far configuring
and monitoring semvices :
7. Through arganization 38 14 2% 35 5%
structural changes .0
incorporation of feature
<5 L teams ]
R - 268  100.0% 260 5%

a. Dichotomy group tabulated at value 1.

40|Page



433, DevOps Implementation Practices

Organizations are implementing a variety of DevOps practices in order to simplify their software
development processes. According to several researchers, DevOps is a culture, people, process,
echnology, and tool combination that enables cross-functional collaboration between software
development and IT operations teams to accelerate the delivery of changes made to resilient
systems and to operate them (Nagarajan and Overbeek, 2018). DevOps is associated with both
technical and non-technical practices, which are common collaborative practices involving
people interactions and processes that are mostly automated through the use of technology and
tools supported by the DevOps culture (Lwakatare et al. 2019). There are four dimensions in this
analysis that investigate DevOps implementation practices. These are the practices of technology
and tools, process, people, and culture. All of these dimensions will be discussed and analyzed

briefly in the following sections.

433.1. Technology and Tools Dimension

In terms of technology and tools, DevOps implementation practices include deployment
automation, software configuration management tools, DevOps environments, issue tracking
tools, and DevOps technology capability. Table 5 summarizes the practices of DevOps
implementation in terms of technology and tool dimensions, which are further discussed in the

following section.

Table 5: Technology and Tools Dimension Practices (Percentage distribution and Mean)

DevOps Implementation Practices | Strongly | Agree Neutral | Disagree | Strongly Mean
in terms of Technology and tools | Agree Disagree

Deployment Automation 35.5 402 | 150 8.4 0.9 1.99
ITeVOPS Environments 32.7, 3945 243 243 0.0 2.07
sue Tracking Tool 523 308 [ 103 4.7 1.9 1.73
mm Configuration 33.6 449 |168 4.7 0.0 1.93
Management Tools

L e TR EE PER 224
- — il

Source: Own survey, 2022
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The technology and tools dimension was created to learn how technology and tools can intervene

und simplify the processes of successful DevOps implementation in software development firms

(Nagarajan and Overbeek, 2018). Practices in technology and tool dimension have a significant

impact on successful DevOps implementation. The majority of respondents agreed that
rechnology and tools are important, particularly in their DevOps workflow, Companies that use
he right technology practices have a better chance of growing their daily operations while
remaining competitive in their industries and markets. One of the most common inventions that
have provided a means of improving day-to-day corporate operations is technology. DevOps
tols and practices provide appropriate technology support for successful DevOps
implementation. The aggregate mean (mean of the mean) result for the technology and tools

dimension practice is 1.992, putting it in the agreement category.

The majority of respondents (52.3 percent) strongly agreed that their software development
companies used issue tracking tools based on the technology and tools dimension practices item
questions. This suggests that Ethiopian software development companies use issue-tracking tools
during the software development process. Tracking issues is a collaborative process. For any
process to be successful, each team member must be aware of and understand their role and
esponsibilities within the process. Once issues have been identified, the head of product
development must assign them to team members and drive solutions. This is the benefit of issue

tracking tools.

Furthermore, deployment automation, including DevOps environments, is a DevOps approach in
the deployment pipeline that aims to eliminate or reduce manual system handovers from the

development team to the operations team. The majority of respondents agreed that deployment

dutomation, DevOps environment management, and software configuration management tools

we used in the software development process by their software development companies. This

dgreement certifies that all employees in their software development company understand

Df‘-VOps tools and have a solid understanding of DevOps technology.
As communication and collaboration, continuous deployment, continuous delivery, continuous

uality assurance are all conceptual elements that describe the

Planning, automated pipeline, and q
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«omplex phenomenon of DevOps, the process dimension that will be analyzed below has been

possible to achieve.

433.2. Process Dimension

DevOps implementation practices in terms of process dimension include continuous
jevelopment, continuous testing, continuous deployment and delivery, and continuous
integration, monitoring, and feedback. Table 6 summarizes the above practices, which are also

discussed further below.

Table 6: Process Dimension Practices (Percentage distribution and Mean)

DevOps Implementation Practices in | Strongly | Agree | Neutral | Disagree | Strongly | Mean

terms of Process Agree Disagree

uous Development Process 55.1 336 |47 5.6 0.9 1.64

N

Continuous Testing Process 49.5 29.0 13.1 8.4 0.0 1.80
S 50.5 33.6 10.3 56 an D0 1.71
Continuous Integration, Monitoring, | 38.3 38.3 15.9 7.5 0.0 1.93

and Feedback Processes

Source: Own survey, 2022

DevOps is a set of practices that aim to produce error-free software while also shortening the

lime between committing a change to a system and its implementation. The DevOps method

consists of two practices: (1) collaboration between development and operations; and (2)

management of the deployment environment and automation in agile environments. Process

dimension practices have the greatest impact in a successful DevOps implementation. According

survey results, the aggregate mean (mean of the mean) for the process practice is 1.77, placing

Itin the strongly agreed category. This implies that the majority of Ethiopian software

development companies have well-defined practices in the continuous development, testing,

deployment, and delivery processes, as well as continuous integration, monitoring, and feedback.

f Mo : > \ ICESSeS
On the process dimension practices, the main components of DevOps implementation processe

: . livery,
e continuous development, continuous testing, continuous deployment and de 3

43 |Page



continuous integration, monitoring, and feedback. According to the respondents, the majority of
software companies (55.1 percent) use continuous development; almost all software covmpu‘nics
Jse continuous development in their software development process. Continuous development is a
software development process that includes several DevOps processes such as continuous

integration, continuous testing, continuous delivery, and continuous deployment

As shown in Table 6, the continuous testing process accounts for 49.5 percent of the software
fevelopment process, which is one of the most important aspects of ensuring product quality
hefore it is deployed to the end user. The goal of continuous testing is to provide quick and
continuous feedback on the amount of business risk in the most recent build, which is used to
determine whether the software is ready to proceed through the delivery pipeline at any given
ime. According to the findings in Table 6, 50.5 percent of respondents strongly agree that most
software companies use continuous deployment and delivery processes. Continuous deployment
and delivery is a software engineering approach in which teams produce valuable software in
short cycles and ensure that it can be released reliably at any time. Continuous deployment is a
DevOps practice that complements continuous delivery by automatically deploying new changes
o production. Furthermore, continuous delivery is a DevOps practice that focuses on

maintaining a software solution in a releasable state at all times.

The components of continuous integration, monitoring, and feedback processes received equal
tesponses in the Likert scale of agree and strongly agree, accounting for 38.3 percent of all

tespondents. Continuous integration is a DevOps technique in which developers merges code

into a versioned source control repository on a daily or more frequent basis. Continuous

monitoring is a stage in which the operational variables of the entire DevOps process are

included. This is the location where a large amount of critical data about the application’s use 1s

saved and meticulously prepared with the goal of discovering areas of error and observing the

current patterns that include the application. Customer service receives immediate feedback from

tstomers about a product's features and causes them to change accordingly. This can provide a

easonable idea of the software applications that should be used at various stages to gradually

mprove this product for a product-controlled organization.
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1333 People Dimension

in terms of the people dimension, DevOps implementation practices include team organization
continuous learning practices, competent and capable employees, and qualified DevOps

employees. These practices are summarized in table 7 and discussed further below

Table 7: People Dimension Practices (Percentage distribution and Mean)

'[)’evo'psflmplementation Strongly Agree | Neutral | Disagree | Strongly Mean
Practices in terms of People Agree Disagree

Team Organization 54.2 374 A0S 0.9 0.0 1.55.
Continuous Learning Practice | 50.5 36.4 1152 1.9 0.0 1.64
Competent and Capable 45.8 402 | 12.1 1.9 0.0 1.70
Enployees

Quilified Employees with 19.6 41.1 | 262 ol id 0.9 234
DevOps

Source: Own survey, 2022

DevOps is based on the concept of bringing together people from development and operations
through a collaborative culture. DevOps allows team members to have a cross-functional skill set

because DevOps implementation teams are made up of many trained experts, such as developers,

quality assurance, and IT operations. These cross-functional skills include all of the various skill

sets required to complete an end-to-end task for a software product or service. As a result, people

e critical to the successful implementation of DevOps. Continuous learning is viewed as a

process rather than an event that occurs only once in a lifetime. Organizations may need to

develop a well-organized and structured learning strategy for their employees and engineers in

order to improve their knowledge of the DevOps implementation process. The aggregate mean

(mean of the mean) result for the people dimension practice is 1.8075, which is Glasiiied s

strongly agreed.

Most respondents strongly agreed that their software development companies used team

: sees across each
Oiganization, continuous learning practices, and competent and capable employees a :

1 ; : ion i ' 2 ermore,
am in the DevOps implementation practices In people dimension item questions. Further

their software development companies

the majority of respondents (41.1 percent) agreed that
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ve qualified i 0= cployess. According to empirical data, more than half of respondents

(approximately 54.2 percent) strongly agreed with the practice of organizing teams in software

development firms. Because there is good collaboration and communication across the teams

{eam organization aids the development and IT operations processes in software devel opment.

43.3.4. Culture Dimension

jn terms of cultural dimension practice, DevOps implementation practices include
mmunications and collaborations, DevOps cultural understanding, innovation drivers, and
altural capability practice. These cultural DevOps practices are summarized in table 8 and

discussed further below.

Table 8: Culture Dimension Practices (Percentage distribution and Mean)

DevOps Implementation Strongly | Agree | Neutral | Disagree | Strongly Mean
Practices in terms of Culture Agree Disagree
Communications and 46.7 458 |65 0.9 0.0 1.62
&ﬁ%ﬁtﬁons

Cultural Understanding 33.6 467 |159 |37 0.0 1.90
5' nov '; 29.9 374 |27 4.7 0.9 2.09
Cultural Capability Practice 15.0 48.6 |33.6 1.9 0.9 2.25

Source: Own survey, 2022

DevOps implementation begins with culture. A culture of information sharing characterizes

DevOps, and information sharing has enormous potential for improving software quality. Culture

is important in every organization because it affects how employees work and who is responsible

for ensuring the quality of the end product (Alok & 7iadoon, 2020). DevOps is first and foremost

apractice and culture that fosters strong collaborative bonds between software development and

IT operations teams across the organization. The aggregatc mean (mean of the mean) result for

the Culture dimension practice is 1.965, placing it in the agreement category. This implies that

Ethiopian software development firms are well-versed in DevOps cultural practices.

As a result, 46.7 percent of respondents strongly agreed that communication and collaboration

4 commonly used across teams in their software companies. Communication and collaboration
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¢ practices established in DevOps implementation to bring teams closer together by building
Lorkflows and distributing responsibilities. The majority of respondents (46.7 percent) agreed
4t there is enough cultural understanding and cultural capability practices (48.6 percent) in
L fiware companies. There are also drivers of innovation (37.4 percent) in software companies.

(33, DevOps Implementation Challenges

Due to various challenges, DevOps may not always be successfully implemented in software
Jevelopment companies. Respondents identified critical DevOps implementation challenges

wlted to technology and tools, the DevOps implementation process, employees' technical
apability and understanding, and organizational cultures.

433.1. Technology and Tools Challenge

The DevOps development pipeline is founded on a technology stack that enables automation,
dliciency, communication, and collaboration. DevOps tools can also automate planning.
dvelopment, testing, deployment, operations, and monitoring. Furthermore, some tools can
achestrate entire pipeline processes and have a view of the entire DevOps pipeline. The most
dfficult task for developers in DevOps implementation was managing new types of tools and

drcumstances.

Iable 9: Technology and Tools Challenge (Percentage distribution and Mean)
Technology and Tools Challenge Strongly | Agree | Neutral | Disagree Strongly

Mean

Agree
s technology and tools | 8.4 26.2
Access to production systems by 12.1 29.9

DevOps
Source: Own survey, 2022

According to the findings in Table 9. using DevOps technology and tools is not a major
dlllenge for DevOps implementation. In response 10 the question about technology and tools as
ge, while 26.2 percent agreed it is.
challenge. Thus, respondents’

*challenge, 30.8 percent of respondents said it is not a challen

%espondents 1o this item debated whether or not 10 consider it
47 |Page




Mmive responses imply that using technology and tools for DevOps implementation is
r ; ) a
sullenge in Ethiopian software development companies, but that this challenge has plenty of

gportunities to be solved through simple technical training. As shown in Table 9. the mean for
wing DevOps technology and tools is 2.9, which is in the same range as the aggregate mean of
191, which is classified as neutral. According to the respondents, access to production systems
w DevOps (29.9 percent) is a challenge for DevOps implementation in Ethiopian software
Jevelopment companies.

433.2. Process Challenge

DevOps has a process for implementing any delivery, from the beginning to the end. There are
smerous challenges that affect the success of DevOps implementation during this process.
Ihus, implementing DevOps practices enables an organization to deliver software that is faster,
wetter, higher-quality, and more reliable. A culture of cooperation and collaboration among all
fuctions of the organization is required for successful DevOps. This temporarily increased the
Ufficulties of the DevOps implementation process life cycle. This is due to the fact that the
DevOps implementation process includes integrating teams and breaking down silos within T
dpartments. The journey begins with establishing a vision of how this will work for the specific
husiness company. Understanding the roles and responsibilities of where development stops and
sperations begins, and how these can best be integrated together, is the major challenge in the

DevOps implementation process.

Table 10: DevOps Implementation Process Challenge (Percentage distribution and Mean)

Iolilllllplementation process Strongly | Agree
allenge Agree
g the complexity of the | 13.1 26.2
ss in DevOps
; Mapting to organizational 11.2
Frocesses to DevOps

Source: Own survey, 2022
The agility and automation are central to the Dev

Wecycle focuses on closing the development-Ope

29.9

L

Ops process flow. Each stage of the DevOps
rations gap and driving production through
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onfinuous development, integration, testing, monitoring, feedback, delivery, and deploy

rhis DevOps implementation lifecycle process increases the complcxit): of lhcp I))«:‘(c)ﬂ l.’
lmplementation. According to this understanding, increasing the complexity of the build pmcc'::
1 DevOps implementation is a challenge for the selected Ethiopian software companies wi‘ﬂ'\
[3.] percent strongly agreeing and 26.2 percent agreeing. However, approximately 32.7 p::rccnl
of respondents are neutral, meaning they neither agree nor disagree. Respondents' neutrality
odicates that they either do not understand the processing lifecycle of DevOps implementation
+rare under managerial bureaucratic pressure and are afl raid of the consequences. The other issue
at respondents strongly agreed on (11.2 percent) and agreed on (29.9) is adaptation, while the
jggregate mean (mean of mean) is 2.945, which is rated in the neutral category and indicates a

high level of consistency.

4133.3. People Challenge

One of the most difficult aspects of the DevOps implementation process is the human aspects—
the people, which include understanding the DevOps concept, implementing with capable
nembers of the DevOps team, obtaining management support, and gaining professional
eperience. The most critical challenge for DevOps implementation has been identified in

yarious literatures as a lack of collaboration and communication. Developers and IT operations

tams do not share common goals and plans, making appropriate communication difficult and

wsulting in software delays (Katal and Dahiya, 2019). When people come from different

pofessional and personal backgrounds, it can be difficult to communicate effectively. According

o Table 11, 37.4 percent of respondents agreed that one of the major challenges for DevOps

mplementation is a lack of professional experience.

at poor management has the potential to impede

168 percent of respondents strongly agreed th
nt) were neutral in

proper DevOps implementation, while the majority of respondents (30.8 perce

offering any suggestions for addressing this challenge. This alone indicates that the DevOps

Uganization team in Ethiopian software development companies faces some challenges 1n

future benefits. They may become

defending their leaders as bureaucracy obstructs their
managed. As a result, poor

disoriented and lose sight of their goals if they ar¢ not properly

[ture of mutual cooperation, which is a significant step

Nanagement will be unable to create a cu
49 |Page



[R———rc people to evaluate and rearrange their perceptions of their teams

organizations, and clients.

Table 11: DevOps Implementation People Challenge (Percentage distribution and Mean)

W()fps Implementation People Strongly | Agree | Neutral | Disagree Strongly | Mean
Challenge Agree Disagree
Understanding of the 11.2 243 22.4 26.2 159 31
DevOps Concept

Getting DevOps capable members | 12.1 33.6 234 24.3 6.5 2.79
Obtaining management support for | 16.8 24.3 30.8 22.4 5.6 2.76
DevOps Practices

Finding experienced professionals | 20.6 37.4 24.3 15.0 2.8 242

to support DevOps Practices

Identifying The responsibility of 9.3 31.8 28.0 234 1.5 2.88
DevOps between the developers

and IT operations

Adopting Employees’ mindsets to 15.9 35,9 27.1 16.8 4.7 2.59
achieve successful DevOps

implementation

Source: Own survey, 2022

People face challenges such as psychological safety and fostering a culture of trust. In this case,

leadership behavior drives the transformation and serves as a good model for the DevOps

implementation process. The major challenges, according to this understanding, are ways 10

investigate how the team perceives the organization's performance in terms of alignment,

accountability, autonomy, empowerment, and feeling supported. Some of the companies chosen

for this research look at dynamic learning and constructive collaboration, but basic challenges

emerge from the flow through the lens of customer focus and value stream thinking about clients

lack of capable members (33.6 percent agree). These difficulties include the generation, receipt,

and review of feedback in retrospectives.

This is due to a lack of clearly defined responsibilities (31.8%) during the DevOps

achieve successful DevOps

ption of employees' mindsets 10
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implementation is the other major challenge, with 35.5 percent agreeing and 15.9 percent

strongly agreeing. As a result, as 56 percent of the findings in the published article indicate, a

lack of skill and knowledge is a significant challenge in the process of adopting employees'

mindsets in various software companies (Yiran and Yilei. 201 7). Some organizations lack skilled
employees because implementing DevOps practices necessitates both development and operation

skills and knowledge, as well as a mindset shift.

4.3.3.4. Culture Challenge

The most difficult challenge for most software companies on the path to DevOps implementation
and practices is culture. In the various literature we have seen, there is a lack of technical
knowledge and understanding of the key concepts, methods, tooling, and key benefits and
challenges of implementing DevOps. Many organizations lack the necessary training and
motivation to learn DevOps, and people are only interested in their area of expertise, creating a
slew of issues. Criticism practices have highlighted 50% frequency as a critical challenge that
harms the DevOps culture in the published literature (Muhammad et al. 2022). A blaming culture
frequently focuses on punishment, bad fights, finger pointing, and creating negative perceptions
that lead to destructive behavior, causing friction in the workplace. The most critical issue in
implementing DevOps in an organization is that people oppose attitudes that are typically an

impediment to organizational change success.

During the implementation phase of DevOps, the working culture changes. Because DevOps is a
culture in and of itself, it collides with the existing work culture during implementation. Change,
as previously stated, is difficult. Employees must devote a significant amount of time to
assimilating into a new culture. Working culture transformation is not a quick process. As a
result, as a business owner, you must address this issue before fully implementing DevOps in
your software development process. You can begin with small DevOps training programs to get

your team on board with the concept. Building a team of pro-DevOps influencers within the

organization is always a good idea.
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Table 12: DevOps Implementation Cultural Challenges (Percentage distribution and Mean)

DevOps Implementation Cultural Strongly | Agree | Neutral | Disagree Strongly | Mean

Challenges Agree Disagree
Achieving Compatibility between 14.0 29.9 27.1 /| 1.9 2.73
DevOps and legacy system in the

organization

Changing company culture to 19.6 374 23.4 15.9 27 2.47

support DevOps implementation

Communication and collaboration 6.5 393 21.5 234 93 2.90
between the development and IT

operation team

Source: Own survey, 2022

According to the responses, the majority of respondents (29.9 percent) agreed that achieving
compatibility between DevOps and legacy systems in the organization is a major challenge for
DevOps implementation in Ethiopian software companies. Although 27.1 percent of respondents
were neutral or disagreed with the challenge, the aggregate mean (mean of the mean) result is
2.7, indicating which is the high value of consistency. On these challenges in Ethiopian software
companies, 1.9 percent and 14.0 percent strongly disagreed and strongly agreed, respectively.
One of the most difficult challenges (37.4 percent) is changing company culture to support
DevOps implementation. The majority of respondents agreed that this is the most difficult issue

in implementing DevOps in Ethiopian software companies.

19.6 percent of respondents strongly agreed that changing company culture to support DevOps
implementation was a major challenge. This challenge's total mean is 2.47, which is the agreed-
upon rating category of high reliability. Furthermore, communication and collaboration are
major issues in DevOps implementation because, as the researcher previously discussed, DevOps
is a combination of two departments, but successful product delivery is impossible unless they

communicate with each other. Communication and collaboration between development and 11

operations teams are viewed as a challenge by 39.3 percent of respondents. The majority of

respondents agreed that this challenge was within Ethiopian software companies; however, the

mean 2.9 of this challenge still indicates high consistency of neutrality based on the results of
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neutral (21.5 percent) and disagreed (23.4 percent) respondents. This indi.cutcs that the DevOps
implementation management system has irresolvable burcaucratic issues. The irresolvable
bureaucratic issue indicates that the management system either lacks confidence in the changes
brought about by DevOps implementation, as evidenced by the qualitative analysis below, or that

traditional work culture has the potential to influence the managerial side.

4.4. Qualitative Data Presentation, Analysis, and Discussion

A qualitative data analysis is carried out in addition to the quantitative study to supplement and
complete the survey findings. As a result, interviews were conducted with three DevOps team
leaders and one developer team leader at their respective software companies to acquire
information about DevOps' effective implementation practices and problems. Furthermore, it
helped in the discussion of DevOps implementation practices and challenges with the dimensions
of technology and tool, process, people, and DevOps implementation culture in the Ethiopian
software development context. As a result, the interview output has been examined using open
coding, as shown below. Patterns, according to Braun and Clarke (2006), are discovered through
a rigorous process of data familiarization, data coding, and theme generation and refinement.
Because there was a vast amount of interview material to manage, the researcher decided to use

open source software to analyze the interviews thematically.

As a result, the researcher gathered actual data from Ethiopian software companies that adopt
DevOps. Interviewees could wander from the questions, and the interviewer could widen or
deepen the topic by asking follow-up questions. The researcher discovered many themes after
reviewing the interview transcripts. The practice and challenges of DevOps deployment in the
selected Ethiopian software companies were the higher-level subjects considered. As a result,
Figures 10 and 11 depict the thematic map and the subjects addressed by the qualitative

technique.

4.4.1. DevOps Implementation Practices

DevOps implementation strategies are widely used in a number of Ethiopian software

companies. The researcher gathered information through interviews with company executives
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about the procedures and benefits of DevOps implementation. The R e b
shown in Figure 10, and then the analysis proceeds.

" Basic Themes/Codes w,mﬁa:;;il;:"

Figure 10: DevOps implementation practices related to issues of representation

Respondents believed that DevOps methods lead to a variety of other activities. DevOps was
seen to positively enhance the rate at which software products could be provided and the quality
of goods in general, for example, by strengthening feedback cycles. Internal engineering product
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mechanics in the organization, including characteristics such as communication, were thought to
be impacted as well. Respondents saw more implemented features and frequent releases as o
clear advantage. One of the primary benefits of DevOps is that organizations can channel more
features into the production and delivery pipelines because of automated build, testing, and
deployment processes. Automation significantly decreases the effort necessary 1o set up releases,

allowing organizations to produce releases as frequently as needed.

There are several things involved here, but one of the primary drives of DevOps deployment is
the ability to get more code commits into each day. Higher levels of automation were later
discovered to drive enhanced quality assurance. The automated DevOps production pipeline
ensures that every change is validated before it is delivered. Because every change in the code is
tested at every step of development and problems are detected and corrected on the fly, the end
products have fewer bugs and can be deployed more quickly. One of the most significant effects
of DevOps is that it forces the development and operations teams to contact with one another
more than before, which leads to improved collaboration and communication. Furthermore, agile
methodology and DevOps practices such as retrospectives, sprint planning, and daily scrum
meetings, according to interview participants, serve to improve collaboration and communication

across teams.

The conventional development and operational silos are gradually disintegrating, enabling a
more cohesive manner of working. Increased collaboration speeds up the transfer of knowledge
and experience between teams. Because a broader set of talents is used in multi-functional teams
with a diversity of capabilities, competencies are maximized. According to the answers, the
ability to release frequently has ramifications for the entire development process when using
DevOps principles. Customers benefited from shorter development cycles since they could enjoy
freshly created features sooner. Smaller, more frequent releases increase customer visibility of
deployed features. Furthermore, because of the frequent relcases, the development and
operations teams are able to obtain early input from end-users and conduct testing with real
consumers, which aids in the improvement of end products. Working with real customers
provides organizations with a greater understanding of client preferences, allowing them to

customize their products to market demands.

SS|Page



According to the respondents’ perspectives, DevOps implementation strategies can help
pusinesses swiftly test alternative concepts and make judgments. Continuous experimentation
refers to the continuous testing of hypotheses in order to assess the value increases for both the
consumer and the organization (Lindgren and Miinch, 2015). Continuous experimentation, which
necessitates well-established experimental infrastructure and environments, is supported and
enabled by an efficient DevOps process. DevOps can also have a good impact on occupational
welfare. A senior developer observed that frequent releases help to reduce stress levels because
the anxiety associated with dealing with large releases is reduced. As a result, DevOps
procedures not only benefit the organization but also improve the style of working, therefore
positively contributing to the improved well-being of the DevOps team.

4.4.2. DevOps Implementation Challenges

DevOps implementation presents unique obstacles in the selected Ethiopian software companies.
Figure 11 depicts the results of the interviews and discussions with chosen senjor executives

from the companies, as well as an analysis of the difficulties,

DevOps may not always be successful due to a variety of reasons. Respondents raised challenges
related to communication and collaboration; organizational cultures; professional experiences;
knowledge and skill gaps; resistance to new culture and technology; the adaptation of new tools
and technology; and moving from traditional development 1o DevOps, which are not malleable:
different constraints arising from the domain and environments; and the obscurity of DevOps'
meaning. According to the majority of interviewees, one of the problems is the transfer from
traditional development to the DevOps process, which necessitates the use of new tools and
technology setups. As a result, with a complicated DevOps infrastructure and tools process, it is
difficult to set up tools and technologies for the DevOps process. Furthermore, insufficient
communication and teamwork is a major barrier 1o successful DevOps adoption. For example, it
was claimed that operations teams do not always monitor or pass all of the performance and
other metrics that developers might use, which can cause issues. In suboptimal circumstances,
operations engineers and developers are concerned with separate, and potentially contradictory,

metrics: operations people are concerned with server uptime, whilst developers are concerned

with release frequency.
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It was also noticed that communication between the two groups may be missing if it takes place

solely through electronic systems, resulting in delays in response times to issues. In-person
conversation is difficult to replace with digital technologies. Adoption of DevOps also
emphasizes cultural issues. Deep cultural attitude adjustments are necessary, which might be
difficult given the company's deep-seated culture. According to the interviews, there is a lack of
understanding of responsibility and duties between teams, roles merge, responsibilities fluctuate.
and people must reconsider their established positions. Developers must perform duties they are
unfamiliar with and may be hesitant to assume additional responsibilities for the operational
environment, such as being on call for system problems. At the same time, operations personnel
may be wary about developers encroaching on their territory or overburdened with handling
increasingly frequent releases. People's behavior can be difficult to change, especially if they
have had long careers and are resistant to new cultures and technology. Smaller firms, on the

other hand, may be in a better position to adjust their methods.

Many interviewees said that individuals are open to modifying organizational culture to meet the
DevOps concept. Moving forward with such an initiative is a fantastic idea if there is
management backing and adequate training and exposure for personnel. Senior interviewees
discuss the relevance of culture and the challenges of DevOps implementation. Regarding this

difficulty, one senior respondent stated as follow.

"I think it's a major cultural shift that we're also experiencing, tough to solve, and
what is probably the biggest roadblock in moving forward with this, bigger than
the actual technical competencies or processes. Furthermore, the lack of firms'
long-term commitment to changes associated with DevOps culture is a significant
impediment to progress. I see it as two established jobs that must suddenly merge,
and we simply need to_find methods to collaborate toward one common goal."

As a result, DevOps approaches may not be appropriate in all situations.

Access to production systems may be legally or contractually prohibited, thus when
implementing DevOps, the industry's limits and feasibility in many sectors must be considered.
As indicated by responders, in some circumstances, environments, such as databases used in
production systems, can be sophisticated enough to make reproducing the environments for

verification and testing problematic. As a result, automated testing becomes less trustworthy,
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making diverse settings difficult for successful DevOps adoption. While there is agreement on

some aspects of DevOps, its fundamental core remains somewhat ambiguous. Because there is

no standard set of fixed DevOps processes, practitioners struggle to determine which techniques
to employ for DevOps deployment. Access to production systems can be legally or contractually
restricted. It has been observed that the meaning of DevOps has altered in recent years, and new
DevOps technologies continue to emerge, therefore one of the issues is that DevOps is vague yet

evolving.

4.5. Discussions and Analysis

The data collected through a questionnaire and an interview revealed that implementing DevOps
had several advantages. Interviewees also emphasized the advantages of implementing DevOps.
The majority of respondents saw DevOps as a way to increase the number of features
implemented and deliver more releases. Rapid delivery is consistent with the DevOps concept of
decreasing the time it takes for a software release to reach the production environment (Bass et
al.,, 2015). DevOps promotes automation, which is thought to improve release quality. DevOps
aids in the communication of developers and operations engineers. This encourages collaboration
in order to improve the development process and ultimate result. Furthermore, the existing

diverse abilities can be simply applied, boosting the team's reactivity to changing circumstances.

Interviewees confirmed the strong agreement of questionnaire replies that DevOps approaches
allow real-time monitoring, which helps to foster fast feedback loops and an experimental culture
that encourages more contact with end users. According to certain literature, such as Balalaie et
al. (2016) and Cukier (2013), developers have previously highlighted real-time monitoring as a
factor that helps to construct fault-aware systems, and DevOps has been observed to support an

experimental culture (Neely and Stolt, 2013). Some of the issues we noticed included

communication gaps and the current business culture.

A lack of knowledge and information exchange can cause critical truths to be obscured.
Although guidelines for information exchange may be beneficial, changing a company's culture
can be difficult. It is possible that the size of the organization or company-wide support for the

change will be essential. Smaller businesses are better positioned to react quickly to changes.
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Fnvironmental constraints can be challenging at times, Working habits that prioritize security,

for example, can make it difficult for some businesses to implement DevOps methods. The

difficulties are exacerbated by difficult-to-recreate technical environments.

As DevOps evolves, its definition, procedures, and tools are expected to alter, posing a long-term
problem. As organizations continue to adapt to change, Bass et al. (2015) advise that DevOps
should not be attached to any specific must-have tools or communication techniques, but should
instead be aligned with the higher-level goals that an organization desires to achieve. As the
survey results reveal, there are no significant claims for causation and no challenges to internal
validity. The replies of the interviewees are their personal views on DevOps. As a result, the
described advantages and disadvantages are not universal, Respondents may have misunderstood
DevOps due to a lack of a clear definition. Factors influencing the benefits and problems may
have been overlooked if a responder had a limited understanding of DevOps, which may have

influenced their view of its consequences.

4.6. Proposed Guideline for Successful DevOps Implementation

This section proposed a guideline to address DevOps implementation challenges in the software
development industry as a result of this research. In response to the third research question, a
guideline is proposed based on the study's empirical data findings and relevant literature. The
quantitative and qualitative research findings suggest that the DevOps implementation challenges
be reconsidered and included in the guidelines for future improvement. As a result, the proposed
guideline attempted to categorize the aforementioned findings into three main activities: current
DevOps implementation challenges, detailed solutions to current challenges, and future

perspectives on ways to improve.

Through a mindset and culture change, development and IT operations are combined for quality
assurance in a company. Thus, DevOps is first and foremost a culture and mindset that fosters
strong collaborative bonds between software development and infrastructure operations teams.
The DevOps culture is based on constant collaboration and communication, gradual change,
shared end-to-end responsibility, and early problem-solving. However, software companies face

numerous challenges as a result of DevOps implementations. Companies, however, have
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different approaches to implementing a DevOps roadmap to address challenges in their practices
due to different models in different countries. Some are attempting to tailor the DevOps

implementation practice to their specific environment and working culture.

These differences emerge as a result of environmental and socio-cultural approaches to new
technologies, as well as client companies' integration methods. Some businesses take a client-
oriented approach to delivery, while others take a benefit-oriented approach. This implies that
the benefits of DevOps for different companies and stakeholders are dependent on their specific
DevOps implementation strategies, but there are still limitations on recommended common best
practices. According to Lwakatare, there is still a lack of evidence of recommended common

best practices for successful DevOps implementation (Lwakatare, 2017).

In general, DevOps requires a delivery cycle that comprises planning, development, testing,
deployment, release, and monitoring with active cooperation between different members of a
team. The following are the adapting roadmap of DevOps implementation proposed by the
researcher and companies can develop their specific strategy based on the challenges they faced
for successful DevOps implementation. This study proposed a guideline from two perspectives:
1) from the standpoint of each team's responsibilities and roles; and 2) from the standpoint of all

organizational tasks. The diagram of the guideline is shown below.
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Figure 12: Proposed Guideline for Successful DevOps Implementation represented as a

conceptual model (source: Own survey, 2022)

DevOps can be successfully accomplished with the collaboration of three key teams. They are as
follows: Development, IT Operations, and Quality Assurance. These three teams have their own
major responsibilities in order to achieve their common goals. As illustrated in Figure 12, the
Development Team's responsibilities are to automate the development environment, plan and
control the development process, and create continuous development. The IT Operations Team is
responsible for creating release and patch management, monitoring and feedback, and managing

the deployment environment. Quality assurance is responsible for creating continuous testing,
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automating the testing environment, and managing the quality planning strategy. The th
. The three

teams' primary responsibilities are those listed above, but they are not limited: thus companies
may assign additional responsibilities to each team. These three teams are interdependent and
endent a

operate under the principles of communication, collaboration, and integration

In addition to the individual responsibilities of the three teams mentioned above, all teams have
common responsibilities such as integrated change management, training and skill development,
communication and collaboration culture, ensuring the team's competency, implementing test
automation, stabilizing the work environment, utilizing agile methodologies, prioritizing
customer satisfaction, and others based on the working environment of software companies, All
of these shared responsibilities are carried out by each team, either collaboratively or
individually. These are the general responsibilities of the company, and the company's
management team coordinates these teams to fulfill their responsibilities in order to have a

successful DevOps implementation.

Although DevOps is an integrated culture and practice that unites development, operations, and
quality assurance teams to collaborate on the software development process to eliminate the root
causes of bugs and failures, these three teams are rarely seen working together in companies.
Furthermore, the companies do not clearly define each team's responsibilities and roles, nor do
they identify common tasks across team functions. They are ineffective in the software
development and DevOps implementation processes as a result of these issues. These guidelines

will be useful in this regard if companies implement them in the following ways.

e Determine each team's responsibilities and roles. As shown in Figure 12, the inner three
circles represent each team, and the arrows around them represent ecach team's
responsibilities and roles.

o Developers have responsible for automating development environments, planning
and controlling development processes, and establishing a continuous
development process.

o IT Operations is responsible for managing deployment environments, creating

release and patch management, monitoring and feedback, as well as maintaining
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and deploying the cutting-edge software and infrastructure that powers their

products' technology.

o Quality assurance is responsible for taking a proactive
developing an automated testing - environment, managing quality planning

strategy, and developing continuous testing.

Technical innovation is not required in the DevOps culture, It is more about instilling appropriate

values and principles in the organization. The DevOps methodology is founded on a set of

fundamental business principles that promote transparency and a comprehensive development
environment. As previously stated, out-of-circle activities represent organizational values and
principles for the successful implementation of DevOps, and these are the primary activities

performed by all teams as an organization.
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CHAPTER FIVE
5. CONCLUSIONS AND RECOMMENDATIONS

51. Overview

Ihis chapter presents the study's conclusions, as well as recommendations emphasizing on how
DevOps implementation issues could be addressed based on the empirical data provided
throughout the study, as well as suggestions for future research.

5.2. Conclusions

Ihe purpose of this rescarch is to identify DevOps implementation practices and challenges in
the Ethiopian software development industry. The researcher believes that two of the rescarch
questions, "how is DevOps implementation being practiced in Ethioplan software development
companies? and "what are the challenges to implementing DevOps in Ethioplan software
development companies?" were answered through descriptive and thematic analysis of the study.

DevOps is emerging as an appropriate term for a practical solution to addressing the critical
integration challenges between development and operations capabilities in order to supplement
today's agile approaches. However, some Ethiopian software firms have adopted DevOps.
According 1o survey data analysis results, more than half of responding companies have partially
implemented DevOps, and the majority of software companies have limited experionce with
DevOps implementation. However, this study focused on four dimensions of DevOps
implementation in the context of the Ethiopian software development industry during DevOps
implementation. It also identified the difficulties they encountered during the DevOps

implementation.

According to the findings, while Ethiopian software companies are implementing DevOps, they
are more focused on the practice of process dimension and people dimension than technology
and tools. Respondents strongly agreed that continuous development, continuous testing.
continuous deployment, continuous delivery, and feedback practices are more widely practiced
on the process dimension. Ethiopian software firms encountered a number of obstacles that
slowed the DevOps implementation process. This study identified challenges related w0
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transitioning from traditional development to a DevOps  approach, building DevOps

infrastructure and applications with complex processes, and configuring tools and technology for
the DevOps process.

In terms of people dimension; they practiced team organization and continuous learning in their
companies, and there is a limited practice on competent and capable employees and qualified
employees with DevOps. However, a number of issues were identified in this study that slowed
the DevOps implementation process in Ethiopian  software companies from the people
perspective. Misconceptions about responsibility and roles; a lack of professional expertise
among industry employees: a lack of appropriate technical skills and training; and skill,
experience, and knowledge gaps However, Ethiopian software companies have a limited

capacity.

Although Ethiopian software development firms lack practical experience, cultural dimension
practice is the primary driver of successful DevOps implementations. Communications and
collaborations, cultural understanding practice, innovation drivers practice, cultural capability
practice, and cross-team collaboration are all practices that fall under the cultural dimension. All
companies are not focused on innovation drivers, cultural capability practice, and cross-team
collaboration as a result of these practices. However, the main points for cultural practices in

successful DevOps implementation are innovation drivers and cultural capability practice.

Furthermore, the researcher discovered that the study companies encountered various challenges
during DevOps implementation in these culture-related practices. Employee resistance to new
culture and technology, a culture of team collaboration and communication, a misunderstanding
of DevOps environments and culture, and a lack of organizational commitment to changes
associated with DevOps culture are the challenges. Furthermore, DevOps culture practices pose a

greater challenge than technology and tools. Technology and tool challenges can be overcome,

but cultural issues are difficult to identify and then resolve.

In terms of technology and tool dimensions, Ethiopian software companies are implementing
DevOps. The majority of respondents agreed that they used these practices in their software

companies. This dimension's practices include deployment automation, DevOps environment
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configuration, issue tracking and version control tools. and software configuration management

tools. However, challenges in technology and tool dimension practices have been identified in

this study.

The challenges in technology and tool dimension are using DevOps technology and tools,
efficiently using the right tools, adapting to new tools and technology, and identifying separate
tool sets for the dev and ops teams. However. selecting the appropriate tools is a significant
challenge. In the DevOps process, there are far too many tools, each of which serves a different
purpose in different situations. It is extremely difficult to find the right tool for the right situation.
Furthermore, implementing DevOps with legacy software is extremely difficult. Because
DevOps is a new technology. Legacy Software may lack functionality that can be applied to the

DevOps process.

Finally, this research contributed to the practice and challenges of implementing DevOps in the
Ethiopian software development industry. Benefits of DevOps implementation are perceived by
software practitioners in terms of improved software delivery speed, system quality,
collaboration, communication, and productivity among stakeholders in software development
and operations teams. However, it was discovered that the practices are more than just the result
of DevOps implementation and include supporting practices and principles such as agile
software development methodology, code review, quality assurance test automation, and so on,
Since challenges such as transitioning from a traditional development approach to a DevOps
approach, resistance to new culture and technology, lack of organizational commitment to
DevOps culture changes, lack of skill, lack of experience, knowledge gap, and adaptation to new

tools and technology were still observed in the findings of this study.

5.3. Recommendations for Practice

This recommendation is based on the results of this research analysis. It is provided as part of a
research project on the practices and challenges of DevOps implementation in the Ethiopian
software development industry. The study's findings are intended to improve Ethiopian software

development companies' experience with DevOps implementation and to guide best practices in

the improvement of their DevOps implementation. As well as assisting in the elimination of
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DevOps challenges and the realization of the intended DevOps implementation benefits. As a

result, the researcher has forwarded the following recommendations.

¢ People Dimension: Ethiopian software development firms must identify and train teams
with automation or capable technical skills. When there is a shortage of professional

experience manpower, management must recruit employees with the necessary skills as

an action item when implementing DevOps.

¢ Culture Dimension: Another important practice is culture, which influences how teams
collaborate and share responsibility for their application's end users. It is critical to begin
a mutual exchange with Dev and Ops in order to break down the wall between the teams.
and both teams will mutually learn from each other. This will be determined by the

working culture of the employees, as well as their society and country,

*+ Technology and Tools Dimension: Other practices in DevOps implementation include
technology and tools. Technology and tools aid in DevOps implementation practices such
as configuration management, DevOps process environment configuration, code and
application testing, infrastructure as code authoring, and environment deployment.
Companies must, however, exercise caution when selecting these tools and technologies
because improper selection will expose DevOps implementation practices (o unnecessary
challenges. Choosing the right tools, for example, is a significant challenge. There are far
too many tools in the DevOps implementation process, all of which serve different
functions in different situations. You must find the right tool for the right situation when

implementing DevOps.

« Process Dimension: One of the DevOps implementation practices is process dimension,
which alters all of a company's software development processes. Software firms should
improve their software development processes and ensure that DevOps approaches and
practices are implemented throughout the organization. Software companies may claim to
use DevOps processes, but their operations are still traditional. Furthermore, project

managers should consider how to manage DevOps implementation practices such as
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continuous development, continuous testing,  continuous deployment. continuous

integration, continuous delivery, and feedback.

o Increased frequency of quality deployments, improved testing quality, quality software
delivery, and increased collaboration between development and operations teams are all
advantages of DevOps implementation. Positive impact was identified for key
relationships between realized benefits. Benefits such as high autonomy, motivating
collaboration, and feeling valued, for example, were discovered to positively contribute
to improved team morale and engagement, whereas benefits such as improved code

quality, natural communication, and knowledge sharing were discovered to positively

contribute to improved deployment frequency:.

54. Future Research Recommendation

DevOps implementation has frequently faced challenges in various situations because it is a
combination of two processes such as development and IT operations. The most difficult
challenge in the DevOps implementation process is cultural. The practices and challenges in this
study are classified into four categories. In the future, more research will be needed in each

dimension to establish best practice guidelines for successful DevOps implementation

Furthermore, this study was limited to ten companies, but the author believes it is critical to
conduct additional research, preferably with a large number of software companies, to identify
best practices in the successful implementation of DevOps in order to assist the Ethiopian

software development industry.

14 . . . . 1 = . » » > . ()
Finally, quantitative and qualitative studies are used in this study to identify DevOps
implementation practices and challenges. Using continuous evaluation methods and feedback
efficiency, usability,

mechanisms, piloting longitudinal research helps to improve the quality,

and content of proposed guidelines.
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Appendix 2: Questionnaire S urvey

ADDIS ABABA UNIVERSITY

SCHOOL OF INFORMATION SCIENCE

DEPARTMENT OF INFORMATION SYSTEM

Dear Sir or Madam:

In partial fulfillment of the requirements for the Degree of Master of Science in Information
System, I am undertaking research on “DevOps implementation practices and challenges in the
Ethiopian Software Development industry” at Addis Ababa University. | have accordingly
prepared this Survey questionnaire. The objective of the survey is to investigate current practices

and challenges of DevOps implementation in the Ethiopian software development context.

This research is believed to produce results that can improve the understanding of the successful
implementation of DevOps in software development companies. Kindly your honest responses (o
each question and statement are extremely valuable to the outcome of this research. The

questionnaire survey will be used for academic purposes only. As a result, all responses will be

kept in strict confidentiality.

Your dedication is most valued and appreciated and I would like to take this opportunity (o thank

you in advance for your kind participation, honest, and on-time response to the Questionnaire
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Thank you again!
Mesfin Tafese
Demographic related Questionnaires (please use X mark on the choice you Select)

1. Basic Information
2. Which organization are you from?
3. What is your current level of education?

L] Diploma

[J Degree

L] Master’s degree
' PhD,

(] Other:

4. How many years have you worked in the software development and/or I'T operation
field?

[] Less than two year
L] 2- 5 years

L] 6 - 10 years

[J More than 10 years

DevOps Implementation Practices and Challenge questions

2. DevOps Implementation Basics

1. Have you implemented DevOps in your software company?

[J Fully implemented

[J Partially implemented
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Process Dimension

[s your company using a continuous development

() 0

process

7 Is your company using a continuous testing process? O Q

8 Is your company using continuous deployment and O O
delivery processes?

9 Is your company using continuous integration, O O
monitoring, and feedback processes?

People Dimension

10 Is your company using team organization? O 0

11 [s there continuous learning practice in your company? O Q

12 Is your company using competent and capable 0 O
employees?

13 Does your company has qualified employees with O O
DevOps?

Culture Dimension

14 Are there communications and collaborations between O O
each team in your company?

15 Is there enough requirement understanding in your O O
company?

16 Is there a cultural understanding in your company? O ()

17 Are there innovation drivers in your company? 0 O

18 Is your company using cultural capability practice? O O
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4. DevOps Implementation Challenges

Please indicate your level of agreement or disagreement (where 1 = Strongly Agree, 2 = Agree
L .

3 =Neutral 4 = Disagree and 5 = Strongly Disagree) for the following questionnaires.

Questionnaires items | N 3 4 g

1 Understanding the DevOps Concept is challenging in your
company. s 0 1o 0 010

2 Getting DevOps capable members into a team is a L1 E] O =1 e
challenge in your company.

3 Obtaining management support for DevOps practicesisa [ [ | [ O 010
challenge in your company.

4 Increasing the complexity of the build process in DevOps | [ | [ O -
is a challenge in your company.

5 Achieving compatibility between DevOps and legacy [ 0 010
systems is a challenge for you.

6 Finding experienced professionals to support DevOps i | O Ll aial
practice is a challenge in your company.

7 Changing company culture to support DevOps R C R
implementation is a challenge for you.

8 Using DevOps technology and tools is a challenge in your | (] | [J O 010
company.

9 Access to production systems needed by DevOps is a e N O .
challenge in your company.

10 Adapting organizational processes to DevOps is a B 15 O 3 113
challenge for you.

11 Identifying the responsibility of DevOps between the O |10 O 0|0
developers and IT operations is a challenge in your
company.
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12 Communication and collaboration between the O 18 O Y15
development team and IT operation team is a challenge in
your company to implement DevOps.

13 Adapting employees' mindsets to achieve successful O . 0O £l e
DevOps is a challenge in your company.

14. Any other challenges you faced during DevOps implementation at your company?

7

2
3,
4

15. What do you think are the solutions to address those challenges?

8

2
3.
4

16. What are the appropriate ways you have been followed to implement DevOps successfully at

your organization?

e e L
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Appendix 3: Interview Outline

Interview questions

Introduction

1. Could you please introduce yourself and describe your relationship with DevOps
implementation at your organization?

2. What does your understanding of DevOps in your organization?

3. How did your organization implement DevOps?

DevOps Implementation Practices

4. What are the common DevOps practices you use at your organization?

5. How do the development and operations teams collaborate and implement the DevOps
culture at your organization?

6. Name some best practices which should be followed for DevOps implementation success
at your organization.

DevOps Implementation Challenges

7. What challenges existed when implementing DevOps at your organization? Could you

list it out?

8. What are the common challenges you faced to implement DevOps?

9. What kind of measures did you take to solve those challenges when you implement

DevOps at your organization?

10. Are there any appropriate ways you followed to implement DevOps successfully at your

organization? Could you list it out?
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Appendix 4: Descriptive statistics of the survey mean and standard deviation

Descriptive Statistics

N__Mnimom  Medmem  Meen S Devien
1. Is your company using deployment automation 107 1 5 1 e,
properly? i
2. I8 your company using the required DevOps 107 1 4 200 o
environments? il
3. Is your company using an Issue tracking tool? RN 1071 1 8 _\n mr
4. 18 your company using Software configuration 107 1 4 10 an
management tools? -3
5. 18 there enough DevOps lochnology capabmty in your 107 1 41 2 vy
company? AR 2 e -
1. Is your company uungaoomlnuous development 107 1 § 164 L)
process? . | >
2. I8 your company using a oominuom tuuwn? 107 1 4 _1» o
3. I8 your company using continuous deployment and 107 1 4 1N L]
dolivery processes?
4_Is your company using continuous Integration, 107 1 4 10 o
[monitoring, and feedback processes? .
1. Is your company using team organization? 107 ! ISR T J——, ]
&QMMm«bammpfmmyourw___ 107 1 4 164 R )
3. 1s your company using competent and capable 107 1 4 170 ™
employees? ; |
4. Does your company has qualified employees with 107 1 5§ 2M .
DevOps? L T .
1MMmmumauomandoouoborwomb«wm 107 1 4 182 a5
_each team in your company? .
2. I8 there enough requirement understanding in your 107 1 4 1% ™
company?
3. Is there a cultural understanding in your company? 107 ! CI T IE— )
4. Ave there innovation in 107 1 K1 T ISy 2
5. Is your company using cultural capabilty practice? 107 DI I NN
WNWMUM.\M 107 1 § I LF
company. ——
MWMW‘M.MbI 107 1 5§ In 19
_challenge in your COmpany.




Obtaining management support for DevOps practices is a

107 1 5 2,76 1.148

_challenge in your company. A

Increasing the complexity of the build process in DevOps 107 1 5 2,79 1.07M
is a challenge in your company.

Achieving compatibility between DevOps and legacy 107 i 7 AN, ~-57~ 2_7:7;7 ! 1.069
systems is a challenge for you. 0% T he 1, 1SS

Finding experienced professionals to support DevOps 107 1 5_;7 >2,_42 Jie-e 1- 064
_practice is a challenge in your company.

Changing company culture to support DevOps 107 1 5 247 1.093
implementation is a challenge for you.

Using DevOps technology and tools is a challenge in your 107 1 5 299 1.068
company. R b A A e T B | B e 0 [ AT | i
Access to production systems needed by DevOps is a 107 1 5| 283 1.112
challenge in your company. T iy I 0 A B

Adapting organizational processes to DevOps is a 107 1 5 2.92 1.167
_challenge for you.

Identifying the responsibility of DevOps between the 107 1 &l 288 1.105
developers and IT operations is a challenge in your

001110 [ e A G e . LY

Communication and collaboration between the 107 1 8| 280 1.124
development team and IT operation team is a challenge in
_your company to implement DevOps. ST 1955t — -

Adapting employees' mindsets to achieve successful 107 1 2.59 1.090
_DevOps is a challenge in your company. f

Valid N (listwise) 107
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Appendix 5: Theme generation in open code

& OpenCode~ Project DevOps Imp challenge intersie

File Text2 Code Synthesisl Synthesis2 Memo Help
Gaane
Document:  DevOps Impl ion Challengs Int: + | Open Text2 | Assign Code:
2% Code List
Ad

Project: DevOps Imp challenge

Domain

® Project
People challenge 13
ess chall

O Selected Documertis) :‘:m d:'y o 3

[T DevOps implemertation Chale|
TrTTacKTor ana rrovesy e
12 Cuture challenges Cutture challenge
13 The lack of expertise in the industry People challenge
14 Too much focus on tools Process challenge
15 Challenge of Adaption New tool and Technology Technology and tools chalenge
16 Management pushing the other way Process challenge
17 Skill Gap People challenge
18 Lack of employee commitmert to changes Associated with People challenge
19 DevOps cutture
20 Knowledge gap People challenge
21 Misplaced focus on tools Process challenge
22 Lack of expert employee People challenge
23 Different DevOps tools challenge Technology and tools chalenge
24 The orgarization unwiling to Invest on DevOps tools is a Process chalenge
25 huge barier.
26 Skill gap People challenge

27 Unawladna (an

Dannla ~hallannce

85|Page



