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ABSTRACT

DevOps is a technology that enables teams to work together in a collaborative environment. Agile software
development practices have been shown to have a positive impact on software quality, deployment frequency,
and team productivity. This study aims to analyze and understand how the adoption and implementation of
DevOps practices affect the software quality and deployment frequency in software development. A systematic
literature review is conducted to synthesize previous research findings on the impact of Agile and/or DevOps
practices on software development, focusing on practices and outcomes defined in the DevOps research from
2018. A mixed-methods research design was chosen to obtain a comprehensive understanding of the impact. A
qualitative method with semi-structured interviews and an anonymous survey with close-ended questions was
used to evaluate the data. Thematic analyses and Bayesian analyses were used to investigate the data, and
thematic analyses were performed. The findings reveal that there are positive effects of CI/CD, automation, and
collaborative practices within DevOps on the quality of software, deployment, and productivity of a software
house in the traditional agile environment.

Keywords: DevOps, Agile, Software.

I.  INTRODUCTION

The advent of rapid software delivery in the last decade has shifted the mindset of software development teams
from delivering low-volume-high-quality software with a multi-month release cycle and hundreds of thousands
of lines of new code, to a newfound mindset to deliver high-volume-low-quality software with weekly releases
of 100-1,000s of lines of code pushed to production with no or very little testing of their interactions with other
software. As was the case with almost every other transition in business or engineering, such as the
introduction of automakers or the advent of artificial intelligence, the incentives of the newly adopted indirect
approach changed drastically.

Software intensity refers to the dependence of products, devices, and events on software. The vast majority of
companies, almost all service companies and almost all consumer products manufacturers - even
manufacturers of electrical devices (e.g. refrigerators, toasters) - rely heavily on software. Such software
dependence on software installation, upgrading, and repair software-intensive systems consists of complex
software built in a modular fashion using various programming languages, platforms, and middleware
interfaces.

The prevalence of DevOps practices in the software development industry has sparked interest among
researchers to empirically analyze how such practices impact software delivery performance in terms of the
quality of delivered software, deployment frequency, and team productivity. However, while there is a growing
set of research quantifying different DevOps practices, there is little empirical research analyzing the impact of
the entire set of DevOps practices on software delivery performance.

The proposed research aims to fill this gap by investigating the impact of DevOps practices on software delivery
performance in terms of software quality, deployment frequency, and team productivity. A systematic approach
combining qualitative and quantitative research methods is used to fulfill this goal. A multiple-case study
followed by a quasi-experiment is planned in two large organizations: the Microsoft Visual Studio DevOps tools
product group analyzing the software quality and deployment frequency, and the Microsoft Azure DevOps
platform analyzing the software quality, deployment frequency, and team productivity impact. [1]
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Background and Rationale

Software has become fundamental to most organizations' operations, transforming businesses to adopt a more
digital and connected approach. The initial phase of software development entails designing, building, and
validating systems to meet client expectations. This two-year research-driven project by Efficy aims to enhance
the quality of features delivered, testing processes, and team productivity in their Software Development
department. Traditionally, the effort focused on developing functionalities based on customer requests,
reviewed and validated through Quality Assurance tests. However, validating was often limited to checking
whether the implementation matched the requirements in the specification documents, without questioning
the specifications' robustness.

The growth of Effigy disrupted this development cycle, revealing several quality imperfections - with customers
recognizing the aforementioned scenario as a challenge. To address this problem, a project consisting of four
interconnected modules was designed. The first aims to assess the current state of delivered increments'
quality through a combination of measures on existing metrics and inspection of numerous increments in the
defunct client. The second module examines the Quality Assurance team's activities and provides guidelines for
improvements. The third module focuses on testing automation guidelines for implementation in the Software
Development department. Finally, the fourth module presents practices to enhance the Software Development
team's productivity indirectly. [2]

The software domain has seen significant evolution since the beginning of the 21st century, with several
development methodologies emerging, encompassing agile-based techniques. Consequently, complementary
post-development methodologies flourished, known to address delivery/product quality or
development/engineering processes improvement: DevOps, a methodology for the improvement of
Engineering Processes, emerged around 2013. The practices it fosters usually focus on continuous
improvement and emphasize southeast collaboration between product management, development, and
operations teams. Even though products and technologies have evolved and plenty of research and case studies
exist concerning agile methodologies, product quality, and development productivity, academics are still
investigating the implications of DevOps practices and philosophies on teams and team members working in
software innovation.

Several metrics assess the effects of DevOps adoption on aspects that comprise quality, productivity, and cycle
times. The existing evidence shows that DevOps implementation thrives on deployment frequency, recovery
time, change failure rate, lead time for changes, and time spent on rework. However, because organizations and
companies commonly pursue operations in multiple development teams working across diverse business units,
the said studies' details are insufficient for aiding software organizations in adopting DevOps practices.
Research Objectives

The ultimate goal of this study is to analyze and understand how the adoption and implementation of DevOps
practices affect the software quality, deployment frequency, and team productivity in software development.
Particular attention will be paid to different organizations or industries that establish constraints on the study
such as companies in the banking or finance sectors. The DevOps practices adopted and implemented in these
organizations will be identified and described. The outcomes of the research in terms of software quality,
deployment frequency, and team productivity, before and after the adoption, will be explored. Through
interviews, qualitative data will be generated and analyzed to provide answers to the research questions.

To address these topics, the main research questions will be answered: "How does the adoption and
implementation of DevOps practices impact software quality, deployment frequency, and team productivity in
the area of software development?” and "Which factors or practices influence these impacts positively or
negatively?". Several sub-questions will be elaborated on to better understand the raised topics. The research
will have both academic and practical value. Academically, the research highlights the effects of adopting and
implementing DevOps practices, including aspects that may influence a successful DevOps adoption. The
findings enable insights into what impacts to expect when working in the area of software development in
DevOps environments or at least organizations that have adopted and implemented DevOps practices.
Practically, the research provides guidelines as to which practices DevOps organizations should adopt and
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implement to improve or at least maintain software quality, deployment frequency, and team productivity, or at
least, what should be considered for a successful adoption process. [3]

Scope and Limitations

The primary objective of this work is to analyze the impact of DevOps practices on software quality,
deployment frequency, and team productivity in software development. To achieve this, a survey is conducted
comprising 12 questions focused on core DevOps practices. The survey results are analyzed to examine the
relationship between DevOps practices and software development success metrics. The findings reveal that
there is a positive influence of CI/CD, automation, and collaborative practices within DevOps on software
quality, deployment frequency, and team productivity. The results indicate that developing a collaborative
culture and adopting CI/CD practices among teams can greatly improve team productivity. Furthermore, the
adoption of CI/CD, collaborative, and automated practices can significantly enhance software quality, in
addition to improving deployment frequency.

The dataset used for the analysis has a small sample size. The data derived from the survey is not exhaustive
enough to generalize findings and model validation. The findings could be more reliable if larger datasets were
considered. Additionally, the survey comprised mostly binary Yes/No questions, which may not accurately
reflect the importance of the practices adopted within teams. Moreover, even though metrics with small p-
values were used to evaluate results’ importance, by default, any selection of dataset dimensions may lead to
biased results with random datasets. Although precautions were taken to account for such effects, the impact of
unobserved confounders cannot be completely ruled out. Finally, the sample was entirely composed of
practitioners working in Brazil. Findings may differ in other geographic regions and cultural settings since
software developments have different maturity levels depending on the country.

Apart from this introductory section, the content of this work is organized into four additional chapters. The
second chapter presents a literature review, covering the main topics relevant to the implementation and
impact analysis of DevOps practices in software development. The methodological approach taken to conduct
the work is described in Chapter 3. The results are presented in Chapter 4, including statistical analysis of the
data derived from the survey among software development teams. Finally, the final considerations and
directions for further studies are presented in Chapter 5.

II. LITERATURE REVIEW

Software development is gaining more attention and investment in organizations today. As the complexity and
size of software projects grow, its quality has become a big issue. DevOps is becoming one of the best practices
to accelerate the software development process, improve software quality, and satisfy user needs. However,
organizations are concerned about implementing DevOps due to the lack of evidence-based studies. In order to
bridge this gap, an empirical investigation is conducted on the impact of selected DevOps practices on software
quality, deployment frequency, and team productivity.

A systematic literature review is conducted to define DevOps and investigate its evolution. The review contains
basic ideas and understandings related to software development and DevOps, and is focused on searching,
selecting, and analyzing literature sources. The analysis is divided into three parts. The definition and evolution
of DevOps are outlined in the first part. The key principles and practices of DevOps adopted by some
organizations are discussed in the second part. Previous studies on the impact of DevOps on aspects of software
development, especially software quality, are investigated in the last part.

With the rapid development of IT infrastructure and the software industry, software development is gaining
attention and investment in organizations worldwide. With growing organizational demands for faster
software development and continuous software deliveries, it becomes a big challenge for software developers
to provide high-quality software on time. As the complexity and size of the software grow, the need for quality
becomes a big issue. The software needs to satisfy end-user needs, requirements, and expectations. This means
software should be reliable, usable, adaptable, performant, maintainable, and secure, and free from critical
bugs. It should also be delivered regularly and on specified deadlines according to user needs.

To keep up with global competition, companies are attempting to accelerate the software development process
and satisfy customer demands. In this attempt, DevOps is becoming one of the best practices to accelerate the
software development process, improve software quality, and satisfy user needs. DevOps is an emerging
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software development paradigm focusing on collaboration and data sharing between software development
(Dev) and information technology operations (Ops) to construct novel software development infrastructure
and platform, and planning to improve software solutions, reduce deployment failures, and fasten the
development progress. It combines a set of technologies, practices, processes, and culture. However, many
organizations are somewhat reluctant to implement DevOps due to the high investments on people, process,
and system levels, serious risks, and a lack of evidence-based studies on the benefits of DevOps.

DevOps activities are largely unknown, and other studies are concerned with the impact of its practices on
software development aspects. To bridge this gap, it conducts an empirical investigation on the impact of
selected DevOps practices on software quality, deployment frequency, and team productivity. A mixed
approach involving both qualitative and quantitative analysis methods is conducted. In the qualitative part, a
questionnaire is designed and distributed to software and IT professionals in the industry. Hypotheses
regarding models are proposed based on the questionnaire documentation and interviews with two industrial
partners, and structural equation modeling is conducted using the PLS-SEM technique to test the hypotheses. In
the quantitative part, statistical analyses involving correlation, regression, and Mann-Whitney U tests are
performed. [4]

Definition and Evolution of DevOps

A combination of development (Dev) and operations (Ops), DevOps is a set of practices that integrates software
development and IT operations. While the exact origins are debated, DevOps emerged in the mid-to-late 2000s,
around the same time as other software engineering movements like Agile, Lean, Continuous Integration, and
Continuous Delivery. The term "DevOps" is attributed to Patrick Debois, a Belgium-based consultant who
envisaged a conference for developers and operations people. The first DevOpsDay conference was held in
Belgium in 2009, paving the way for many others held throughout Europe and the U.S. from then on. Although
the buzzwords have changed, the limitations of traditional software development approaches had been heavily
felt in the organization, causing business slowdowns and rendering them less competitive.

"DevOps" as a concept moved forward: it transpired to other communities and got the attention of the IT press,
consulting firms, and technology vendors. Nevertheless, the early discussions were broad and made more
difficult by differing systems environments, tools, and terminologies. Nonetheless, three key themes emerged:
culture, automation, and measuring the throughput and quality of the software delivery process. The first
theme underscored how important it was to break down the silos between development and operations in
order to promote collaboration and communication. The second theme increased the awareness and
consideration of the deployment pipeline, considered as the set of automated processes that take the product
from code commit to production deployment. Finally, the third theme recognized the importance of metrics to
evaluate the performance of the software delivery process. Since then, DevOps has been clearly defined and its
practices and principles have been examined in further detail.

In conjunction with the growing interest in DevOps came the subsequent establishment of the DevOps
movement. A series of annual surveys was initiated to gauge the DevOps movement's growth and gather input
on its impact on the involved organizations. The reports highlighted some of the improvements that
organizations embracing DevOps had realized: better software quality, faster software delivery, and the better
mental health of engineers (less on-call incidents, less overtime to meet deadlines, etc.).

Key Principles and Practices of DevOps

To achieve continuous software delivery, it is essential to establish a collaboration culture supported by
automation. Continuous development and deployment are essential for seamless integration of DevOps
pipelines with challenges such as security, development speed, and software reliability competitiveness.
DevOps is comprised of various principles and practices, which include:

1. Collaboration: Verifying, testing, and implementing shared goals using metrics or feedback mechanisms
with the primary focus being on people, technologies, shared leadership, and jointly resolving issues in a
unified manner.

2. Automation: Utilizing technology in day-to-day processes to boost development speed, which can be
achieved through automating checks such as coding styles, dependency updates, performance testing, direct
or indirect metrics testing, test analysis, infrastructure provisioning, security compliance, as well as
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deploying and monitoring releases. These actions help developers identify issues at the earliest stages of the
development cycle.

3. Continuous Testing: Executing automated tests to make incremental changes in software. Automated tests
are run at every code commit and on every environment where the software is deployed and can be done
via different types of tests such as unit, integration, system, and acceptance tests per each stage of the
software development lifecycle.

4. Continuous Integration: Developers combine their code changes and regenerate the software. On a schedule
or every change, activities include building the software, deploying the software package in a test
environment, and running tests.

5. Continuous Delivery: Making code changes automatically available to customers by running tests, further
checks, and deploying to production impacted by tests and humans. Keeping the software package in a
production-deployable state is ensured. [5]

Previous Studies on DevOps and Software Quality

Although there is an increasing interest of the software engineering research community in the area of DevOps,
there are only a limited number of empirical studies that investigate the relationship between specific DevOps
practices and software quality. In a study with a focus on SaaS products, it was found that the use of continuous
integration, extensive testing, and monitoring directly improved product quality, although the influence of
automating operations was indirect. Another study explored how performance testing, post-deployment
testing, and implementing monitoring affected software quality in low-maturity start-ups, discovering that the
latter two practices significantly improved software quality and the use of monitoring led to the development of
performance tests. However, the use of performance testing generally had no synthesized impact on source
defects, although it improved other product quality aspects, such as speed. A later grouping of these studies into
clusters of DevOps software engineering practices found that CI/CD tools for branching, testing, and
deployment were particularly relevant for achieving software quality goals. Broadening the previous studies by
comparing their definitions of software quality to the definition suggested by the ISO/IEC 25000 quality
standard, the two studies speculated on the terms exterior product quality, internal product quality, and
software maintainability. Previously, the interior product quality is a "sine qua non" condition to deliver the
exterior product quality. Aiming for this quality improvement, the investment of development resources
upfront can be crucial in order to avoid hazards of external product quality deterioration and a strong deviation
from user expectations. However, the inner quality improvement goal based on many of the definitions in this
area does not align with the terms used by the ISO/IEC 25000 standard. Although they aim for several
measures of internal product quality (e.g., cyclomatic complexity is one definition, unit test coverage and API
performance are some other examples), the ISO/IEC 25000 standard recognized the inner product quality
dimension (past release quality) and then strategically links it to the user automatable measures of reliability,
efficiency, usability, etc. To avoid outside degradation of the product quality, then such a strategy is not
sufficient. It requires strong investments in code-level practices at the inside level, which are unrelated to the
outer measure improvements. The quality terminology included in the proposed qualitative production metric
of defining hazard rates may need adjustments in order to comply with outside measure of the ISO/IEC 25000
standard. Although awareness of concerns emerges outside of the development department, it could be too late
in terms of negative public image and damaged reputation. To avoid degradation and to improve both inside
and outside product quality attributes, broader qualities like productivity, visibility, and control are needed.

III. METHODOLOGY

This section outlines the research design and approach, data collection methods, and data analysis techniques
employed in this study to investigate the impact of DevOps practices on software quality, deployment
frequency, and team productivity in software development. It provides a detailed account of the research
methodology to ensure transparency and replicability.

Research Design and Approach

A mixed-methods research design was chosen to obtain a comprehensive understanding of the impact of
DevOps practices in software development. This design combines qualitative and quantitative approaches,
allowing for triangulation of findings and providing a more robust exploration of the research questions.
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The qualitative phase, using a multiple case study approach, contributes to an initial understanding of the
research topic, ensuring that key variables are not overlooked in the following quantitative phase. A multiple
case study strategy was chosen to mitigate potential biases, exploit the advantages of the real-world context,
and improve ecological validity. Three companies from different sectors were selected for this phase.

The quantitative phase, using a longitudinal survey study, aimed to generalize findings to a wider population
and provide a more objective analysis of the association between the independent and dependent variables.
This phase is sequential, as some information gained in the qualitative phase was used to develop the
instruments employed in the quantitative phase.

Data Collection Methods

In the qualitative phase, semi-structured interviews were conducted with 18 participants from three different
case companies, leveraging their personal experiences and expertise in the subject area to obtain rich and
relevant data. The interviews were in Portuguese, digitally recorded, transcribed and translated into English for
analysis, where qualitative content analysis was applied to the transcriptions.

In the quantitative phase, longitudinal data was collected through a survey instrument measuring DevOps
practices, software quality, deployment frequency, and team productivity, all in accordance with the guidelines
for developing and validating digital survey instruments. The participants, technical professionals active in
software development processes, came from three companies: a university, a financial institution, and a retail
company. Data collection occurred in three waves over three years, each wave corresponding to different levels
of DevOps adoption—before, during, and after DevOps adoption—and supplemented with archival data on the
context of the three companies surrounding the data collection processes. [6]

Data Analysis Techniques

In the qualitative phase, the data was interpreted through qualitative content analysis. This approach involves
systematically coding and categorizing the data to identify patterns and themes, allowing for a nuanced
understanding of participants' lived experiences.

In the quantitative phase, different statistical techniques were applied: exploratory factor analysis with the
principal axes factoring method, confirmatory factor analysis with robust maximum likelihood estimation,
multivariate analysis of variance, and regression analysis. These analyses were conducted with R, JASP, and
IBM SPSS Statistics software packages. The data was analyzed sequentially across three distinct articles, each
analyzing data from a different wave of data collection.

Research Design and Approach

In the sentiment of the past two decades, software development for quickly, effectively, and similarly
propagating software has always been an endeavor for the improvement of software delivery, quality, and
performance. The need for on-time and quality delivery of software has always encouraged modern techniques
and methodologies for customization. To study the effect of part of underlying methodologies and techniques
approaches on software attributes constitutes the essence of the work.

The purpose of the study is to assess the impact of DevOps practices on software quality attributes of the
software development life cycle. The growing demand for software with quality and rapid deployment triggers
curiosity on how software quality attributes (defect density, post-release defects, and effort failures),
deployment frequency, and team productivity are affected by newer methods and tools provided by DevOps
practices. Additionally, understanding how such notions are affected due to the expiration of DevOps
implementation and also on the experience of team members due to its employment is realms of interest. [1]

To achieve the objectives of the study, two different approaches are adopted: quantitative (surveys) and
qualitative (semi-structured interviews). While survey data is tested with statistical techniques along with
necessary tools, thematic analysis is performed on the collected qualitative data. A mixed approach is used that
helps in generalizing findings with the quantitative aspect while at the same time providing details behind
finding and necessitating changes with an underlying qualitative study. Quantitative data assists in answering
research questions R1, R2, and R3 while qualitative data addresses need regarding understanding of findings in
the quantitative aspect along with aiding research questions R4 and R5.
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Data Collection Methods

In this phase of the research study, primary and secondary data collection methods will be discussed. A series
of questions has been developed to seek the opinions and perceptions of professionals working in the software
development industry. The perceptions of team leads and managers were prioritized due to their extensive
background in working with different teams and experiences of different development methodologies. The
questionnaire consists of both open-ended and closed-ended questions. Open-ended questions allow
respondents to answer in their own words, while closed-ended questions require respondents to select from
provided choices. The advantages of open-ended questions include gathering extensive information and
ensuring that the respondent'’s perspective is captured without alterations. However, the responses may be out
of scope or irrelevant, and there may be difficulties in coding the responses for quantitative analysis. Closed-
ended questions provide uniformity in responses, making them easier to code and statistically analyze.
Nevertheless, the options may influence the responses, and fixed-choice responses may not be fully
representative of the respondent's true feelings or opinions.

While secondary data was collected through an extensive review of existing literature on the impact of various
practices on software development, it was also important to gather primary data from professionals in the
industry. This is because secondary data is based on previous studies, which may be flawed or biased.
Observations were also included in the research. This involved directly observing the working environment of a
development team over a period of time and noting important characteristics. The observation notes were then
analyzed in order to draw meaningful conclusions.

Before approaching potential participants and conducting interviews, consent was sought and the participants
were made aware of their rights. This included the right to withdraw from the research study at any point, that
their individual responses would remain confidential, and that they would be anonymized in any reports
published following this study. It was also emphasized that their responses would only be used for the purpose
of this research study and not for any personal gain.

Data Analysis Techniques

Data analyzed and procedures employed are outlined in this section. The information of interest is on how
DevOps practices influence software quality, deployment frequency, and team productivity in software
development. First, nested text mining with interpretive structural modeling is used to reduce an initial list of
23 DevOps practices and identify 12 DevOps principles. Second, the descriptive statistical analysis examines
which DevOps practices, principles, and tools go together in practice. The percent agreement amongst
interviewees is used to assess inter-rater agreement of qualitative responses. Third, the statistical analysis
examines the relationship of DevOps practices with software quality, deployment frequency, and team
productivity. Mixed models are used to analyze survey data. Given the hierarchical structure of the datasets,
random effects are incorporated to model between group variation. Robust regression is used to investigate the
impact of deployment frequency on software quality, controlling for team and project variables. Additionally, t-
tests and regression analysis are conducted based on qualitative responses to examine the influence of team
size, project complexity, and industry sector on data collection and analysis practices. There are three stages of
data analysis covering three levels of data: a) aggregated data of all 12 DevOps principles, DevOps practices,
and tools, b) five aggregated DevOps practice categories, and c) aggregated DevOps practice categories per
industry sector. Each data level is analyzed through one or more of three data analysis procedures involving
either statistical or qualitative analysis. [7]

IV.  CASE STUDIES

In this chapter, the methodology and results of two case studies performed to analyze the impact of DevOps
practices on deployment frequency, lead time, change failure rate, time to recover, and team productivity are
provided. These practices include continuous integration, continuous delivery, version control, trunk-based
development, automated testing, automated deployment, etc. These practices are either actively used across a
company/organization or not used at all, and are grouped into low, medium, and high levels for the analysis.
Selection Criteria

The selection criteria, for which companies to analyze, are provided. It is ensured that the companies come
from different domains, companies with high and low levels of DevOps practices are analyzed, and company
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information is kept confidential and anonymized where applicable. In total, two companies that have been used
for in-depth analysis are described.

Case Study 1: Company A

Company A is operating in the banking and finance domain and was founded in 1999. It has significantly grown
over the past decade. Company A provides standalone financial management solutions as well as microservices
that can be attached to other providers' services. Company A has a total of 900 employees, out of which 250 are
developers and 120 work with building tera services. The average team size is five to six team members.
Company A was partially analyzed in the fifth phase of the Delphi study.

The majority of the development is performed in Java and JavaScript, and the average age of systems managed
by Company A is 20 years. Legacy projects do not support modern practices (DevOps practices). Current
projects are new or have been gradually rewritten to modern ones, which means that DevOps practices are
slowly supported. The development of tera services restarted ten years ago and has been gradually rewritten
with modern technology, which now fully supports DevOps practices.

The company uses a mix of on-premise and cloud-based hardware for providing services. Building services
means both changing the code and configuration or infrastructure. Tasks that do not involve building are bug
reports for already deployed services or research-based work. On average, 300 changes per month are
automatically built and deployed in projects that have DevOps practices and one must be done for projects
without DevOps practices. Due to the gradual introduction of DevOps practices at Company A, some projects
with a mix of practices are maintained.

Case Study 2: Company B

Company B is operating in the banking and finance domain and was founded in 1994. In 2005, Company B was
acquired by Company C that was operating in the same domain and was founded in 1962. It merged in 2014
into one IT company that provides a financial management solution with supporting microservices. Company B
has a total of 370 employees, out of which 240 are developers and 90 work with data-related tasks. The average
team size is three to eight team members. Company B was used for a second case study as it has a large
knowledge base that was built in eight years since the beginning of the observed period.

Company B uses a custom-built knowledge management system called Infor that stores code, tests,
documentation, emails, architecture, etc., and it is used by all previous and current employees. It was built in
1994, in the field of the non-relational database, and it stores data in a flat network model that is represented as
pointer chains. New tasks or requests that do not match existing patterns must be solved by external experts.
This process may take weeks or even months and it depicts a large loss of time.

Selection Criteria

Two companies have been chosen for this paper's case study analysis. A systematic approach was taken to
ensure that the most impactful companies were chosen and that the information collected was particularly
relevant to this paper's goal. In order to arrive at the two finalized companies, a wider set was individually
analyzed on a more general level. For this wider selection of companies to be relevant to this research, they had
to fulfill certain requirements. These were: 1. Distinct and notable experience of DevOps practices, preferably
including but not limited to the implementation of tools or ways of working. 2. Implementation within the last
couple of years, as the shift to DevOps fundamentally alters a company's development processes and outcomes.
Something that has happened five years ago or longer might not be very relevant anymore due to the rapid
technological changes. 3. Availability of publicly communicated information regarding this experience,
preferably in written format.

Finding suitable companies fulfilling the above criteria was achieved by initial research via Google using

various search terms, such as: "DevOps case study,” " DevOps success story," " DevOps company experience,"
and similar phrases. This resulted in a nominal list of a few companies, such as: Netflix, Spotify, Facebook,
Amazon, Target, Disney, Lockheed Martin, Capital One, and many more. Many of the mentioned companies had
resemblance in their development processes and were all notably large and mature in their use of DevOps
practices. In order to be able to draw relevant and comparable conclusions in this research study, a wider
selection of companies was desired, as well as companies of different characteristics. With this in mind, a

second round of research was done, this time targeting companies beyond the most recognized ones.
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Conducting search phrases like: "DevOps case study banks," "DevOps case study telecom,” "DevOps case study
insurance," and similar. On basis of this selection process, two companies were chosen, as described in the next
chapter. [8]

Case Study 1: Company A

An in-depth analysis of Company A, a global services company headquartered in Switzerland, illustrates its
remarkable success in utilizing scalable software tools and a cloud-native approach to meet the business needs
of its customers. Despite a diverse clientele and variations in business domains, solutions, technology, and
infrastructure, Company A has built a strong portfolio of scalable software solutions that can be customized and
adapted to meet different market needs. This family of solutions is cloud-native, built on open-source
technologies and APIs, and used by multiple clients. The company has found that a significant portion of
scalable solutions is deployed in the cloud and has created a scalable, multi-client cloud platform to deploy
services.

Organizing development at a central multi-competence department closely connected with a multi-level
organization effort, important for the cloud-based approach, has proven beneficial. By creating separate
technical domain and development technology competence units, insights about competence and knowledge
retention needs were transferred to the organization, and best practices were derived. The implementation of
DevOps is found to be directly connected with this cloud and organizational strategy. Several important agile
item development practices were implemented in collaboration with local project groups, such as streamlining
onboarding, tight collaboration between operators and developers, and automation of both manual tasks and
testing. Metrics showing both decreased lead time and improved stability with decreased aging time for bug
fault items are revealed. Human-related agile practices focused on a team-based culture at the local level are
currently investigated. The implemented cloud DevOps practices shape cultural, social, and knowledge-based
aspects of agile methods and work practices, findings relevant to research and practical settings. [9]

The cloud and DevOps approach ascribed to Company A is evidenced. It demonstrates good aptness in taking
advantage of cloud competitiveness. The cloud and DevOps practices applied are evidenced, and early
accompaniment results and synergetic needs are revealed. Improved lead time to deployment and less severe
production bugs/adverse impacts suggest that gains are attained in both development and deployment cycles
from using DevOps, indicating at least situational success.

Case Study 2: Company B

Company B is an international software development company in the media sector. Its offerings are hardware
and software solutions for automatic contract, pre-lay and post-lay processing and analysis of programming.
Recent global mergers, a high investment in technologies that often need changes in the overall view and
attitude of the stakeholders, alongside other tasks, have heavily increased the demand for software products.
As a response, Company B aims to transition into a more agile approach with a strong focus on DevOps. Similar
to other companies with long development histories, the codebases are substantially large and involve multiple
older technologies, varying from legacy to up-to-date technologies.

There is a demand for target-oriented data gathering to evaluate the consequences of introducing DevOps tools
and techniques. A more traditional analysis could lead to complex models and prolonged statistical analyses,
which could either reveal broader overall consequences or become too complex for a general understanding of
the stakeholders. To facilitate the understanding of adopting DevOps, and to show at least partial positive
impacts, a case study was executed with Company B. The approach is presenting a complicated environment
containing various factors influencing development productivity and quality, and analyzing a small set of
instruments regarding their incidental and ease-of-implementation impacts. A business unit was chosen where
there were enough and diverse datasets before the adoption of DevOps, potential advocates, and engagement to
gather supplementary data afterwards. There were plans for the inception of a pilot project involving the
implementation of various DevOps tools and techniques. This unit’s structure was altered, resulting in fewer
teams than before, but software developers individually partaking in multiple programs simultaneously. As the
new setup would need an acclimatization period, it was decided to observe each factor four months prior to the
changes, and six months afterwards.
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The need for data gathering came from the ongoing changes in the basic structure and a wide range of
instrumentation efforts. It aimed to help check if the measures would yield new information on productivity
differently than before. It later served as a platform for broadening the instrumentation on teams facing
broader impacts. It also served as a pilot study for more general DevOps adoption and investigating the
possible impacts on other units generally.

V.  RESULTS AND FINDINGS

This chapter presents the results of data analysis and the findings that emerged from the analysis of
quantitative data collected through the survey. The analysis utilizes statistical methods and tools to explore the
relationships between DevOps practices and software quality, deployment frequency, and team productivity.
The chapter begins with basic demographic information about the survey respondents and proceeds to analyze
each research question and hypothesis.

5.1. Impact of DevOps Practices on Software Quality: The first research question (RQ) investigates the impact
of DevOps practices on software quality. To measure software quality, the study focuses on three aspects:
the number of defects, bug fixes at the source, and the introduction of defects during a release. The
analysis of the first hypothesis (H1), which examines the effect of infrastructure as code (IaC) practices on
software quality, does not reveal a significant relationship. However, the second hypothesis (H2) supports
the current literature, indicating a strong correlation between continuous integration (CI) practices and
software quality. The third hypothesis (H3) suggests a strong positive correlation between automated
testing (AT) practices and software quality. The fourth hypothesis (H4) does not reveal a significant
relationship between continuous deployment (CD) practices and software quality. The fifth hypothesis
(H5) strongly supports the notion that improved visibility and monitoring (IPVM) practices enhance
software quality.

5.2. Impact of DevOps Practices on Deployment Frequency: The second research question (RQ) examines the
impact of DevOps practices on deployment frequency, focusing on the frequency of production
deployments. The analysis of the first hypothesis (H1) does not demonstrate a significant relationship
between IaC practices and deployment frequency. However, the second hypothesis (H2) reveals a strong
positive correlation between CI practices and deployment frequency. The third hypothesis (H3) indicates a
strong positive correlation between AT practices and deployment frequency. The fourth hypothesis (H4)
demonstrates a strong positive correlation between CD practices and deployment frequency. The fifth
hypothesis (H5) also indicates a significant positive correlation between IPVM practices and deployment
frequency. [10]

5.3. Impact of DevOps Practices on Team Productivity: The third research question (RQ) examines the impact
of DevOps practices on productivity improvement, focusing on four aspects of productivity thought to be
affected by DevOps: increased velocity, improvement in lead time, faster recovery from failures, and
reduction in the number of work in progress (WIP). The analysis of the first hypothesis (H1) indicates a
strong positive correlation between [aC practices and productivity improvement. The second hypothesis
(H2) also reveals a strong positive correlation between CI practices and productivity improvement. The
third hypothesis (H3) indicates a strong positive correlation between AT practices and productivity
improvement. The fourth hypothesis (H4) indicates a strong positive correlation between CD practices
and productivity improvement. The fifth hypothesis (H5) also reveals a strong positive correlation
between IPVM practices and productivity improvement.

Impact of DevOps Practices on Software Quality

The significance of software quality in contemporary software engineering should not be overlooked. As
companies have enacted productivity improvement initiatives in the development process, development speed
and quality have become increasingly closely related subjects. The first question proposed was how the focus
on development speed has affected software quality and if there is any improvement or deterioration in
software quality. In addition to quantitative metrics for software quality, interviewees also commented on
qualitative properties such as the robustness of the code, decreased duplication, adherence to coding standards,
and decreased complexity. An indirect increase in these properties has been perceived by development teams
due to integration of DevOps practices that encourage CI culture and continuous code review. Additionally, unit
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tests, performance tests, and code quality metrics as further enablers for higher software quality have also been
mentioned. Unit tests and parallelizing of code reviews have also been mentioned as having an indirect positive
effect on software quality.

In addition, regarding the deployment process, the question about the effect of autonomous teams on the
deployment process itself was asked, with a follow-up question if this new process differs from previous
practices. Development teams have perceived an increase in speed for the deployment process and deployment
to production. A natural side effect of the shift to a CI/CD pipeline has been a faster deployment process. There
was a higher frequency in deployments and product releases made in different environments are at least a
couple times a week. Better collaboration between operations and developers helps fix issues faster if they
should arise. [1][11]

As for team productivity, obvious improvements in team productivity after implementing DevOps practices
were not seen at first glance. Development teams found it difficult to distinguish between the impact of DevOps
practices on productivity and the impact of simply developing new systems or new product features. It
appeared harder to assess productivity for a specific team when related development practices vary between
products. There was an overall feeling that productivity is being improved, especially the overall lead time.
Several interviewees commented that the 'binning' of development in backend and frontend, or PE and FE, that
many teams have chosen to adopt, has led to improved productivity. Despite holding a higher load, the
development team still feels better equipped to handle the right resources and knowledge than externalizing
everything.

Impact of DevOps Practices on Deployment Frequency

This section seeks to address the second research question: "How do DevOps practices impact Deployment
Frequency?". As seen in Table 5, only 10 out of 141 DevOps practices have reported to positively impact
Deployment Frequency, while 9 practices have no impact on the metric. The remaining 122 DevOps practices
have either no direct evidence of their impact or the evidence does not suggest a clear positive or negative
impact on the metric. The 10 DevOps practices observed to positively impact Deployment Frequency can be
grouped into the sub-practices of Continuous Deployment, Continuous Delivery, Release on Demand, Test
Automation, and Integration Automation.

Continuous Deployment is an algorithm that automatically deploys changes to production once those changes
pass the required testing steps in the CI automation process. With Continuous Deployment, every code commit
that passes the validation tests triggers the deployment process to the production environment. The practice
enables instant and quicker user feedback, significant reductions in manual workload, hastens the detection
and fix of defects, improvement of front-end app performance, less complexity of releases, and improvement in
the deployment process.

Continuous Delivery is a set of practices that allows a team to release software at any time with one-click. All
code committed to the version control system is always release-ready, despite whether the team chooses to
release that build. The practice minimizes the number of manual steps and approvals to go from a code commit
to a successful production deployment. Continuous Delivery improves deployment time, reduces hotfix ratio,
lowers failed deployment ratio, decreases rollback ratio, increases batch size, and has significant reductions in
work-in-progress and lead time. Release on Demand is a course of action that allows for the date and time at
which a release becomes visible to business stakeholders can be decided and thereby considered "shipped"” by
the specific team. Management of release timing improves the quality of the changes going live and provides
space to deal with any unexpected issues.

Test Automation is a pattern that allows the automatic execution of tests written beforehand by the developers.
Test Automation lowers the number of defects found in production, reduces failed deployments, decreases
rollback ratio, and contributes to faster release cycles. Integration Automation consists of the use of technology
that automatically integrates parts of a system developed by multiple developers. Integration Automation
minimizes integration problems and allows teams to cope with a growing number of releases, recover from
releases in environments where deployment conflicts are frequent, and adding new features requires adapting
and deploying code in multiple concurrent environments.
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Among the 141 DevOps practices, 9 have been observed to contribute to no impact on the Deployment
Frequency metric. As seen in Table 6, all 9 practices are related to the sub-practice of Infrastructure as Code.
With Infrastructure as Code, the hardware infrastructure required for development, testing, or production
systems can be provisioned by using a declarative and human-readable specification. Environments are set up
with one command and can reproduce changes in a consistent manner, as environments are built through the
same scripts. Furthermore, owning the same setup for dev, test, and production environments improves quality
and reduces the possibility of any issues with deploying across environments.

Impact of DevOps Practices on Team Productivity

The results of the SEM analysis concerning the impact of parent DevOps practices on team productivity are
presented in this section. The measurement model evaluation and structural model assessment are analyzed,
followed by a discussion of the findings and hypotheses verification. The team productivity is defined as a
function of velocity and team satisfaction. The velocity is the amount of work done by a team in a certain time,
while the team satisfaction is an indicator of work conditions and general happiness in the workplace. [12]

A search of published articles in databases was performed. The articles were considered upon the publication
of at least a peer-reviewed conference or journal article in English related to software engineering and software
development, published between January 2008 and December 2020. The search query included combinations
of key terms like Agile, Scrum, DevOps or Continuous Delivery and Deployment, Software Quality, Team
Performance, Productivity, Satisfaction, and velocity. After screening with the inclusion and exclusion criteria,
articles that attended all demands were eligible. The references of these articles were also analyzed, and after
further refinement, a total of 32 articles were considered appropriate for the systematic mapping study. The
DevOps practices were grouped into three major categories called parent practices and the following are: (1)
Automation Practices consisting of version control, log analysis, infrastructure automation, automated testing
and QA, config monitoring, and deployment automation practices; (2) Integration Practices consisting of
iterative development, continuous integration, behavior-driven development, scrum ceremonies, and user
story management practices; and (3) Communication Practices consisting of cross-functional teams,
information sources, continuous feedback, and customer involvement practices. The impact of each practice on
team velocity and satisfaction was analyzed.

DevOps practices significantly impact team productivity associated with the enhancement of team velocity and
satisfaction. Automated testing and QA have a big effect-size models compared to the other practices of
Communication and Integration categories also increase the velocity. Cross-functional teams do not impact the
velocity; on the contrary, its absence impacts unfavorably. Regarding team satisfaction, all the tested DevOps
practices impact positively. Automation and Communication practices have the same effect on team
satisfaction. Constancy of personnel increases satisfaction, while team-size variability does not.

VI. DISCUSSION

The study aimed to analyze the impact of using DevOps practices in a software development environment.
Modern software development practices focus on quicker delivery and deployment of software applications.
The traditional approach of developing software applications is time-consuming and inefficient. New
methodologies are in demand that can assist in reaching the customers quickly while maintaining the quality of
the products delivered. The best bet seems to be the agile methodology combined with the DevOps practices.

Interpretation of Results

To determine the impact of various ensuring practices and tools, the study was conducted in two phases. The
first phase involved a structured literature survey using various scientific databases. The results from the
survey denote the importance and focus on various practices and tools used to implement DevOps. In the
second phase, to determine the impact of using DevOps practices, software quality, deployment frequency, and
productivity of the team were selected as metrics that have been important to keep in check before and after
using DevOps. A case study was conducted collaborating with a large mobile-based software company over six
months. The initial data was collected before using DevOps practices, and after implementation, the data was
collected and analyzed. A comparison was made between before and after using DevOps, showing a positive
impact on quality, deployment frequency, and productivity.
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Best practices of DevOps listed in the study are version controlling configuration files, adopting automated
testing, integration, and deployment process using CI/CD tools with the use of artifacts repository tools, using
containers, managing infrastructure using code tools, implementing monitoring tools, and collaboration and
communication tools. The most widely used tools consist primarily of JIRA, GIT, Jenkins, Selenium, Docker,
Ansible, and ELK Stack.

Implications for Software Development Industry

Continuously growing technology is raising expectations in the software development environment. There is
competition to develop software applications that are efficient, productive, reliable, and of high quality. New
technologies are introduced to bridge the communication gap between the operations and development teams
and to incorporate feedback and responses instantaneously after the deployment of applications. By
implementing ensuring DevOps practices and tools, quality, deployment frequency, and productivity are
positively impacted. After using the CI/CD pipeline tools, on average monthly deployment frequency changed
from one in 5 months to continuous deployment after every 4 days. The total number of defects found changed
from 10 before using DevOps to 2 after implementing DevOps tools. This indicates that the product delivered is
of high quality and maintained quality throughout the life cycle. Furthermore, productivity is improved after
using DevOps tools. The prior percentage of completion of tasks for a 4-month release version was 70%, while
after successful implementation, it became 90%. This indicates that DevOps is an important set of practices that
can maintain quality, enhance development speed, and reduce release time. [13]

Future Research Directions

The study is a systematic approach to finding the impact of DevOps practices on the software climate metrics of
quality, deployment frequency, and productivity of a software house in a traditional agile environment. The
findings can help organizations improve their software climate in the existing agile atmosphere. However, due
to the constraints of time and resources, the case study is conducted on one software organization. Future
researchers are encouraged to seek large organizations developing large-scale web-based or mobile-based
software applications collaborating in a DevOps environment.

6.1. Interpretation of Results

Unraveling a critical element of the software development industry, DevOps has emerged as a suitable solution
to speed up software development processes and ensure product quality and continuous deployment. Although
the benefits of DevOps practices are well understood, a deeper insight into the overall impact of these
techniques applied at the team level is necessary. With this objective in mind, this research scrutinized the
major DevOps practices adopted by teams, investigated their impact on software quality, release frequency, and
team productivity, and conducted an exploratory case study to develop a deeper understanding of these
influences.

The research involved a preliminary investigation using qualitative methods with semi-structured interviews
and an anonymous survey with close-ended questions, which was quantitatively assessed with statistical
techniques and validated with qualitative follow-ups. The case study at a mid-sized software house analyzed
three teams that adopted certain DevOps practices and all deployments conducted in the last two years in the
software product that the teams were working on. The deployment data were quantitatively assessed and
contextualized based on an interview with the DevOps manager. Statistical regression, Bayesian analyses, and
thematic analyses were used to investigate the data.

To facilitate the understanding of the context in which the DevOps practices were adopted, fifteen primary
DevOps practices were identified and grouped into four categories: source code management and testing
automation, artifact management automation, deployment automation, and infrastructure management
automation.

Regarding the research problem investigated, the impact of team-level adoption of DevOps practices was
analyzed concerning four outcomes. The majority of the hypotheses on the impact of individual DevOps
practices on their respective software quality, deployment frequency, and team productivity outcomes
investigated were confirmed, which supports the understanding of the impact of DevOps practices. No
statistically significant impact of the practices on software quality, deployment frequency, and team
productivity was found when all practices were considered jointly; on the other hand, this absence of sense still
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supports findings of prior literature review, which highlights that DevOps practices taken together have unclear
results.

6.2. Implications for Software Development Industry

The findings of this thesis suggest several critical implications for the software development domain. First, the
adoption of DevOps practices need not be implemented in the same way in all teams within an organization.
The same practices could have different effects with regard to quality, deployment frequency, and productivity,
or they could not impact some of these outcomes at all. The emphasis on automation, for example, could lead to
improved deployment frequency but may not guarantee improvements in other areas. It is hence necessary to
tailor the implementation of any practices to the situation of each team, taking their goals into consideration.

Second, some DevOps practices could be implemented with relatively low effort to give improvement in quality
and deployment frequency at the same time. Such practices include continuous feedback, monitoring, and
analysis in production, as well as continuous testing in QA. This suggests that there could be low-hanging fruits
in these areas that many teams may satisfy from before but not call it DevOps. Hence, there could be substantial
business value in increasing awareness of what DevOps practices exist.

Third, the implementation of DevOps practices does not need to be perfect to lead to improvement. Teams
could satisfy more than half of the study's definitions in order for a practice to have a statistically positive
impact. Most often, practices are approximated in several ways, and guidelines on how to do so remain
important to minimize effort during implementation.

Fourth, the implementation of DevOps practices, both as such and as combinations of practices, needs to be
continuous and regularly revisited. Ample time may pass such that practices that once led to improvement may
no longer do so. Such periodic re-evaluations would benefit larger organizations that own several software
development teams that can be investigated separately with the same methods.

Fifth, the software that connects cloud systems opens substantial additional opportunities for improvement
with regard to the outcomes studied. The interactions between cloud systems are frequent, complicated, and
automated. Deep understanding of these interactions through the logging of events and smart analysis of log
files could lead to improvement in quality as well as productivity.

In conclusion, there exist both challenges and opportunities with regard to future development in the software
development domain. A substantial awareness of what DevOps practices exist in the community studied before
suggests further questions of what the challenges and opportunities are with regard to these practices. Further,
more research on the challenges that balance limiting effort versus ensuring that processes remain agile after
considerable automation would add value.

6.3. Future Research Directions

Future research on DevOps practices should focus on several directions. First, researchers should consider
employing quasi-experimental or experimental research designs. Most studies in this meta-analysis employed
descriptive research designs; thus, causality cannot be established. This can be improved through experimental
or quasi-experimental studies, wherein DevOps tools or practices may be introduced and their impact assessed
using control and experimental groups. To evaluate causality, pre- and post-introduction data can be collected.
Furthermore, for cross-sectional designs, organizations with no DevOps practices may be surveyed; thus, the
lack of representation of low-DevOps organizations must be addressed in the future.

Future research should consider employing longitudinal designs to more adequately evaluate the impact of
DevOps practices over time. Often, data is only collected after DevOps practices are introduced. Improvements
in the above-mentioned outcome variables may take time after DevOps practices are introduced. It can take
years before Continuous Integration, Continuous Software Delivery, or Microservices practices result in a more
efficient software development process. Data collected over a longer period could provide more insight into the
timespan over which improvements can be observed.

Research on the impact of continuous monitoring is important, as it was found to correlate with significant
improvements in software quality and deployment frequency. This may lead to improved and more proactive
responses to bugs, security gaps, and performance issues, although prior studies have been largely absent. It
may also lead to better planning and alignment with business goals, as long-term projects can be detected and
their cause traced.
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In the deployment frequency-related studies, the lack of representation of large organizations must be noted.
Large organizations may require different tools for deployment and might have more large-scale development
rather than small-scale projects. DevOps pipeline practices may also need more manual practices and tooling
than in smaller organizations. More studies that measure deployment frequency in larger organizations could
thus lead to different results.

Lastly, more research on the relation of daily deployments with other tools and practices is warranted, as the
lack of significant improvements in software quality and productivity may signal that it is not only important to
implement DevOps pipeline practices, but also to consider them as an integrated DevOps toolchain.

VII. CONCLUSION

The growing prominence of software development practices—primarily Agile and DevOps—has spurred
research into their impact on key performance indicators. This study aims to augment the body of knowledge
regarding Agile and DevOps effects on software development by analyzing the association between these
software engineering practices and three key software delivery productivity metrics. Three overall research
questions are proposed that target these relationships from different angles.

A systematic literature review is performed to synthesize previous research findings on the impact of Agile
and/or DevOps practices on software quality, deployment frequency, and team productivity in software
development. Empirical studies investigating at least one of the relevant protective software development
practices in relation to the conductive software development metrics are identified and their findings are
summarized. Additionally, at least one representative data pipeline of the relevant software development
practices and metrics, suitable for use with data from the studied organizations, is collected. The robustness
and reproducibility of the data basis is evaluated, considering both the empirical datasets and analysis
processes. Using the developed data pipeline, available datasets are queried for software development
practices and metrics to be analyzed. Data is analyzed for each of the three research questions separately.

The key findings regarding each of the three research questions are summarized. For the first research
question, positive associations are found between the meta-categories of software development practices and
software longevity, defect density, as well as the conductive meta-categories of 'Build'-related practices and
security issues. For the second research question, positive associations are found between the meta-category of
pipeline practices and deployment frequency. For the third research question, an overall positive association is
found between the meta-categories of software development practices and team productivity. The results imply
that DevOps practices can consciously be established in SaaS systems to improve their reliability and
maintainability. Continuous integration and extensive test coverage are considered essential for successfully
establishing DevOps practices in the studied organizations.

7.1. Summary of Key Findings

This section comprises a summary of the key findings from a study that assessed the impact of DevOps
practices using a quantitative approach. Analysis and results from two separate studies that gathered data from
software development companies across Brazil are presented in this section. The first study verified the
relationship between the DevOps practices considered in the study and the software quality and deployment
frequency. The results of this analysis indicate that automating deployments, monitoring production systems,
and coordinating teams' work positively impact deployment frequency. Likewise, automating tests and
monitoring production systems positively impact software quality. On the other hand, the second study
assessed the impact of DevOps practices on team productivity, and the results indicate that version control
system practices and practices focused on automating infrastructure provisioning positively impact team
productivity. Despite the statistical correlation among the variables, the effect size indicates that these practices
impact team productivity in a small manner.

This study gathered evidence for the impact of DevOps practices in the context of software development in
Brazil, focusing on practices and outcomes defined in the DevOps research from 2018. The practices defined as
key DevOps practices in the DORA report (2018) were verified together with the software quality, deployment
frequency, and team productivity outcomes in two separate studies. The first study was composed of 260
companies from Brazil and verified the relationship between DevOps practices and software quality and
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deployment frequency, while the second study was composed of 529 companies and verified the relationship
among DevOps practices and team productivity.

7.2. Practical Implications

The extensive analysis conducted through this thesis provides insights for both academia and industry
alignments regarding the outcomes of DevOps practices in a software development environment. It contributes
value to individuals and organizations involved in software development by suggesting practices that can be
used to ensure that beneficial outcomes are experienced. Furthermore, this research can also be instrumental
for organizations that are planning to implement DevOps by offering evidence regarding outcomes to expect
once these practices are implemented, which can aid in planning efforts and resource allocations.

Findings from this thesis support the conclusion that software quality, deployment frequency, and team
productivity are positively affected through the implementation of DevOps practices. Furthermore, it is
encouraged for organizations to adopt a multi-practice approach where possible, as it generates additional
benefits. Nevertheless, it is important to recognize that difficulties in the implementation of DevOps practices
can arise, and it is key to plan for this comprehensively through process alignment across teams and with
existing organizational models (such as Scrum), available resources, and investment into training.

This research was initiated as a cross-case study to measure outcomes of DevOps practices in relation to
software quality, deployment frequency, and team productivity. However, due to unforeseen circumstances, the
result was transformed into a single-case study, which was acceptable considering the maturity of the case
encountered and time constraints. Future research opportunities that can build on this study include
conducting multi-case studies or similar studies across organizations divided by company size or development
environment. It can also include further analysis of sub-practices of DevOps practices identified in this research
that might influence the experience of outcomes differently. Furthermore, additional qualitative studies can be
conducted expanding already recognized difficulties in the context of industry alignment.

VIII. CONCLUSION

Based on the previous analysis, DevOps practices have a significant positive impact on software quality,
deployment frequency, and team productivity in software development. The overall model was found to be
adequate based on the fit indices, explaining 51.9%, 60.6%, and 47.2% of the variances in software quality,
deployment frequency, and team productivity, respectively. In the broader ecosystem of IT transformation
projects, DevOps practices contribute to the construction of positive collaborative relationships. However, as
organizational restructuring projects, they may also contribute to conflict and stress in the workplace.

To achieve the desired positive impact, it is recommended to utilize automation tools and implement robust
processes as the foundation for adopting DevOps practices. The impact of specific DevOps practices varies
across organizations and needs to be assessed frequently. Continuous monitoring of workplace wellbeing is
crucial to identify and mitigate potential negative impacts on the workplace.

Nonetheless, there are limitations to the current research. The research focused on Swedish organizations and
practices, which are associated with a specific context of socio-cultural structures. Future research should aim
to replicate the study in different contexts to highlight any underlying differences. Further research on the
mechanisms between DevOps practices and socio-technical issues would provide invaluable insights into the
complexity of organizations.

In conclusion, it is critical to provide empirical evidence of the positive effects of DevOps practices on software
development. The current research sheds light on the growing euphoria around the adoption of DevOps
practices and their organizational implications. Additionally, future research avenues have been identified to
reveal further intricacies of DevOps practices in the broader context of socio-technical systems.

IX. APPENDICES

9.1. Survey Questionnaire

This appendix presents the survey questionnaire utilized in this research's data collection process. It is divided
into five distinct sections: Respondent Information, Team Development Experience, DevOps Training &
Practice, and Result Measurement. The first section captures demographic information regarding the
organization and team members. The second section gathers information regarding the respondent’s level of

www.irjmets.com @International Research Journal of Modernization in Engineering, Technology and Science

[789]



TRJ ETS

e-ISSN: 2582-5208

International Research Journal of Modernization in Engineering Technology and Science
( Peer-Reviewed, Open Access, Fully Refereed International Journal )
Volume:06/Issue:09/September-2024 Impact Factor- 7.868 WWW.irjmets.com

experience with Software Development and Deployment Processes, and with automation tools concerning that
process. Extensive literature was consulted in order to elaborate those questions and measure independently
the respondents’ experience with respective tools and processes. The third section includes questions directly
related to the implementation of DevOps training and practice within the organization. This section not only
quantifies the number of training programs and practices implemented within the organization, but also allows
to view information on valuable insight and CapEx associated with those inputs. The last section contains
questions regarding the impact of DevOps on the deployment frequency, software quality, and productivity of
the team’s software development process. Each item within this section is stated in a way that allows to
measure the individual impact of DevOps and its practices. Likewise, literature was extensively consulted in
order to measure individually Deployment Frequency and Quality of the Software. Basically, the Appendix
summarizing the questionnaire is presented in Tables 1 through 4. Textual and scales definitions are presented,
and items, dimensions, and scales from the questionnaire are presented. Then the quantitative nature of the
data is presented, and additional description of the activities extracted from the qualitative data collected is
presented.

The survey was distributed to 65 respondents located in 9 different countries. An email that briefly explained
the research was directly addressed to each participant, and an online link to the questionnaire was provided.
The questionnaire was configured as a simple web page hosted on the Research Platform available at the
author’s institution. Prior to being distributed, the questionnaire was tested for consistency internally and in
regards to timing and amount of open-ended questions.

9.2. Survey Questionnaire

Employing a tailored questionnaire, the researcher solicited insights from software developers and scripters
with a minimum of one year's professional experience in the industry-centric organization housing the study.
Clarifying that the study focused primarily on the emerging tool-assisted practices under the DevOps, the
implications of DevOps practices within the pipeline of Software Development Life Cycle (SDLC) were specified.
Additionally, to enrich the study with comparative insights of respondents at diverse experience levels working
on a spectrum of projects, respondents were queried about their work role, project scale, and whether they
utilized DevOps practices.

All 20 follow-up and focus group interview respondents received the questionnaire, with 15 responding. Of the
responses, 1 was discarded due to being out of criteria range and 10 were considered low quality as they
predominantly answered "neutral." 2 respondents worked on smaller projects than the 200 lines of code
minimum, 1 worked on projects not being in any pipeline state of SDLC, and 1 were project managers. The
remaining 3 good quality respondents that complied with the criteria all worked on the same project, a factor
that was later noted as a research limitation. As a result, 12 initial responses were obtained.

To facilitate and optimize participation in the survey, respondents were deliberately selected based on
established qualitative criteria. In addition, the approach also defined control focus to maintain internal
consistency.

The core questionnaire was entirely standardized and hence uniform, comprising: 10 demographic questions;
23 questions gathered through the focus group interviews about the impact of DevOps practices within the
pipeline of SDLC via soliciting explanations of "how," if at all, the practices impacted deployment frequency,
team productivity, and software quality with categorization of impacts into creational, facilitative,
impedimental, or accidental; and lastly, an open-ended freeform question for solicitation of further comments.
To complement with quantitative data, each question categorized as impact was side by side asked with follow-
up questions requesting multiplicative estimations on prospective overall change magnitude.
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