
Understanding DevOps: From its Enablers to Impact on IT Performance 

By 

Gabriel Silva Cogo, M.S. 

 

A Dissertation 

In 

Management Information Systems 

 

Submitted to the Graduate Faculty 

of Texas Tech University in 

Partial Fulfillment of  

the Requirements for 

the Degree of 

 

DOCTOR OF PHILOSOPHY 

 

 

Approved 

 

Dr. Donald Jones 

Chair of Committee 

 

Dr. Jaeki Song 

Co-Chair of the Committee 

 

Dr. Miguel Aguirre-Urreta 

 

Dr. Mark Sheridan 

Dean of the Graduate School 

 

 

August 2019 

 



                                                                                     Texas Tech University, Gabriel Cogo, August 2019 
 

i 
 

 

 

 

 

 

 

 

 

 

 

Copyright 2019, Gabriel Cogo 

 

 

 

 

 

 

 

 

 

 

 

 



                                                                                     Texas Tech University, Gabriel Cogo, August 2019 
 

ii 
 

ACKOWLEDGEMENTS 

First and foremost, I would like to thank my family, for being so supportive over these 

years in which I was away and giving me the strength to carry on. It is important to me to know 

that wherever I am I can always count on them. 

Secondly, I would like to thank Dr. Donald Jones for all the patience in the world. Doing 

a Ph.D. is not an easy task, and it requires a mental fortitude and resilience that I thought many 

times I did not have. Don did what many advisors do not do, which is go the extra mile to be 

supportive and available. This research was only made possible because of his excellent skills as 

a researcher and academic advisor and the personal care to which he does his job. His belief in 

me supported me when I did not believe in myself anymore. To be his student was both a 

privilege and an honor. And to be his colleague is something that both makes me proud and 

reminds me of the responsibility that is to be a professor worthy of his teachings. 

I would also like to thank other professors in the department, as they make the process of 

learning challenging and demanding, however, at the same time fair and enjoyable. Dr. Jaeki 

Song and Dr. Miguel Aguirre-Urreta, both professionals of the highest level that helped 

tremendously with not only with the research but also during the whole program. I would also 

like to thank Dr. Glen Browne, Dr. Fred Davis and Dr. Eric Walden, who are tremendous 

professionals which I’m proud to have shared my time during the program. I would also like to 

thank Dr. Peter Westfall for the hard and great statistical lessons, and Phillip Flamm for being 

one of the most passionate teachers I had the pleasure of meeting. 

 I cannot leave this space without thanking the ones close to me, hoping they already 

know how much I am thankful them for the unconditional support. Thanks to my Ph.D. 

colleagues, especially Saman, Billy, Ying, Elshan, Tim, Roozmehr and Nakul, for not only 

helping me survive the program as colleagues but as good friends. I would also finish it by 

thanking all the other friends that have been there for me during it all. I have been lucky in 

having so many good people going my way. 

 

 

 



                                                                                     Texas Tech University, Gabriel Cogo, August 2019 
 

iii 
 

TABLE OF CONTENTS 

ACKOWLEDGEMENTS ............................................................................................................... ii 

ABSTRACT ................................................................................................................................... vi 

LIST OF TABLES ........................................................................................................................ vii 

INTRODUCTION .......................................................................................................................... 1 

THEORETICAL BACKGROUND ................................................................................................ 7 

Software Delivery Life Cycle ..................................................................................................... 8 

Software Development .......................................................................................................... 11 

IT Operations ......................................................................................................................... 13 

Why Software Development Philosophies Matter? .................................................................. 13 

Why is DevOps More Than a Methodology? ........................................................................ 15 

What is DevOps? ....................................................................................................................... 17 

Theoretical Development on IT Capabilities ............................................................................ 25 

The Role of Technological Enablers for DevOps ..................................................................... 26 

Theory on IT Technological Capabilities .............................................................................. 26 

Automation ............................................................................................................................ 27 

Cloud Computing .................................................................................................................. 27 

The Role of Managerial Factors for DevOps ............................................................................ 29 

Theory on IT Management Capabilities ................................................................................ 29 

Lean Management ................................................................................................................. 30 

Agile Methodology ................................................................................................................ 37 

The Role of Organizational Culture for DevOps ...................................................................... 38 

A Review of IT Culture ......................................................................................................... 39 

The Interaction between DevOps and Culture ...................................................................... 45 

The Role of Delivery Approach ................................................................................................ 49 

Development and Operations ................................................................................................ 49 

Continuous Delivery .............................................................................................................. 51 

The Ideal DevOps and a DevOps Definition ............................................................................ 52 

Alignment with the Ideal DevOps Company ............................................................................ 54 

Fit as Mediation ..................................................................................................................... 56 

Choice of Fit for DevOps Research: Mediation .................................................................... 59 

DevOps and the Relationship with IT Outcomes ...................................................................... 61 



                                                                                     Texas Tech University, Gabriel Cogo, August 2019 
 

iv 
 

Deployment Frequency .......................................................................................................... 65 

Deployment Lead Time ......................................................................................................... 66 

Mean Time to Recovery (MTTR) ......................................................................................... 66 

Percentage of Failed Deployments ........................................................................................ 67 

Reliability .............................................................................................................................. 67 

Customer Responsiveness ..................................................................................................... 67 

Job Satisfaction ...................................................................................................................... 68 

Conceptual Model ..................................................................................................................... 71 

Technological Enablers Impact on the Delivery Approach ................................................... 75 

Managerial Methodologies Impact on the Delivery Approach ............................................. 77 

Organizational Culture Impact on the Delivery Approach .................................................... 79 

Delivery Approach Impact on IT Outcomes ......................................................................... 82 

DevOps Alignment on IT Outcomes ..................................................................................... 83 

METHODOLOGY ....................................................................................................................... 86 

Population and Sample .............................................................................................................. 86 

Sampling Method ...................................................................................................................... 87 

Survey Development ................................................................................................................. 87 

Factors ....................................................................................................................................... 89 

Technological Enablers ......................................................................................................... 89 

Managerial Methodologies .................................................................................................... 91 

Organizational Culture .......................................................................................................... 92 

Delivery Approach ................................................................................................................ 95 

DevOps Alignment ................................................................................................................ 97 

IT Outcomes .......................................................................................................................... 97 

Control Variables ................................................................................................................... 99 

Survey Validation ...................................................................................................................... 99 

Expert Validation .................................................................................................................... 100 

Pilot Study ............................................................................................................................... 100 

Final Survey Data Collection Procedure ................................................................................. 105 

Data Analysis .......................................................................................................................... 106 

RESULTS ................................................................................................................................... 107 

Hypotheses Testing Results .................................................................................................... 115 



                                                                                     Texas Tech University, Gabriel Cogo, August 2019 
 

v 
 

DISCUSSION ............................................................................................................................. 121 

The Influence of Enabling Factors on Delivery Approach .................................................. 122 

The Delivery Approach Factor ............................................................................................ 125 

The Mediation between Alignment with DevOps and IT Outcomes .................................. 126 

REFERENCES ........................................................................................................................... 132 

APPENDIX ................................................................................................................................. 144 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                                                                                     Texas Tech University, Gabriel Cogo, August 2019 
 

vi 
 

ABSTRACT 

Previous research has addressed the importance of the process of delivering software as vital for 

the survival of Information Technology (IT) organizations. Yet, despite this valuable work, 

academia has struggled to keep track of constant and profound changes in the way in which 

software is developed and delivered to the customers. DevOps has arisen as an evolution of 

decades of work and improvement of software delivering processes, methodologies, and mostly 

philosophies, and has fundamentally changed the way IT organizations are supposed to function. 

While it has led to significant improvements in overall the performance outcomes of IT 

companies, both organizations and academia lack deeper knowledge of what it is, how it works, 

and if it can actually lead to improved IT performance. This research’s model draws on previous 

research on Technological and Management capabilities, and research on IT Culture, to draw on 

the enabling factors of DevOps, as it proposes the factor of Delivery Approach to link the gap 

between these overarching factors and IT department’s actual outcomes. This research also 

proposes an ideal DevOps organization’s values, which when aligned with their Delivery 

Approach, has shown a significant effect on IT Outcomes. Survey data was collected using IT 

professionals, mostly in managerial positions, with previous DevOps knowledge. 176 data 

responses were collected in the U.S. The model shows a significant positive enabling correlation 

between Culture and Management in an organization’s Delivery Approach, and that Delivery 

Approach, mediated by an alignment with DevOps, has a strong effect on IT Outcomes. This 

research makes contributions both to factor and measure items in this domain, it also contributes 

to theory base by helping build a still young literature in DevOps and in Software Delivery in 

general, which has long been recognized as a vital process of any IT organization’s goals. 
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CHAPTER 1 

INTRODUCTION 

Information Technology (IT) has become ubiquitous in our society. Many aspects of 

technology itself have changed in the last few years, and most likely will keep on changing. 

Information Systems (IS) have been instrumental in how organizations in the dynamic 

marketplace keep changing. While most changes are brought by technological innovation that 

arrives and influences companies to adapt, looking inside the company for “the way we do 

things” has also became vital for the company that wishes to remain competitive in today’s 

market. Despite this necessity of organizations to change “the way we do things” to adapt to 

market needs, the way in which information technology has been developed has remained 

roughly similar for a long time. Developing software is one of the most important jobs of a 

dynamic company. This process of developing software in this research will be called the 

software delivery life cycle, to make explicit that “software delivery” is addressed in the 

software development life cycle. The software delivery life cycle consists of conceptually 

dividing software development work into distinct phases to improve design, product 

management, and project management. The goal of the IT organization is always to bring new 

and better software with more functionalities to the user, whomever this user is (i.e., internal 

users in the company, or users in the marketplace). Recently, an increasingly dynamic 

technology market has pushed companies to adapt to survive in this market by creating new 

software faster and with better quality than ever before. Companies that develop software 

internally or externally started focusing more on how the software delivery process that has been 

historically working for decades could possibly have become insufficient to guarantee 

competitiveness in this relentless market. This question is also motivated by the fact that 

according to Standish group, more than 50% of all IT projects fail (Standish 2015), despite the 

large investments made to guarantee success.  

Because of the understanding by companies of the importance of the software delivery 

process to the company’s success, several methodologies were created with the goal of 

improving this process. Most of them showed results that fell short of the companies’ 

expectations. Still, they usually show better results than having no methodology at all. The best 

known and mostly used worldwide is the waterfall method, where different stages of the process 
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are well defined and departments such as Development and IT operations are separated in their 

tasks and goals. Methods such as waterfall and prototyping have been so widely used that they 

have turned into paradigms of software development, shaping companies on their 

methodological propositions. While most companies would espouse the apparent value of 

applying methodologies in their organization, authors such as Wynekoop and Russo (1995) 

question whether they are actually used in companies, and if they are, whether they actually 

work or not. Due to competitive market pressures and need to improve the software development 

process in order to survive, the established paradigms and methodologies have been questioned 

(Wynekoop and Russo 1995). 

A new approach called DevOps has been getting attention from both practitioners and the 

academic community and has been proposed as a new way of delivering software that brings 

together different parts of the organization to deploy code faster, with higher quality and fewer 

mistakes (Erich, Amrit and Daneva 2014). While DevOps could be one of the transient fads for 

the IT field, companies that have recently adopted DevOps are indicating the opposite, as 

DevOps organizations are promising performance improvements over their peers by a significant 

margin (Ravichandran et al. 2016). Ravichandran and colleagues (2016) also argue how difficult 

it is to measure DevOps ROI (Return of Investment), as there are at present no developed and 

agreed upon direct indicators that point out exactly how well DevOps has been executed in any 

company.  

Despite recent attention, it is still unclear for many practitioners and to academia what 

DevOps is and what it does. The name DevOps comes from the junction of IT Development and 

IT Operations (Kim, Behr, Stafford 2014). The importance of bridging the gap between these 

two fundamental but historically separate processes in the software development life cycle is 

vital for what is called DevOps; but DevOps entails so much more organizational change than 

just bringing these processes (traditionally in separate departments) closer. That is, the merger of 

development and operations entails complex changes in the way IT works and how the 

organization should develop and deploy software, and thus DevOps will be understood in this 

research as more than just another new methodology, as will be explained in chapter 2. 

Why has DevOps become such a topic of discussion in industry, and thus a potentially 

fruitful topic of research? Gartner showed that expending in DevOps toolsets had a 30% increase 
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worldwide in 2018 compared against 2017, for at least US$8 billion growth (Gartner 2018). 

Forbes has also stated that data indicates 50% of IT organizations have already started 

implementing some form of DevOps (Forbes 2018). In another industry article, Gartner affirms 

that the next few years will be very important to the growth of DevOps (Barker 2015). Finally, 

Forrester has called 2018 the year of enterprise DevOps (Forrester 2017). Ravichandran and 

colleagues (2016) argue that high performing DevOps companies can have substantially higher 

levels of IT productivity, in indicators such as code deployment and mean-time-to-recovery 

(MTTR). The authors argue that DevOps can save up to $91 million per year for each Fortune 

1000 firms just by reducing application downtime alone (i.e., the time any software or 

application spends not functioning properly, thus not generating any revenue). 

The goals of this research are twofold. The first goal is to understand and characterize 

DevOps as a new paradigm for software delivery, based on both academic and applied 

literatures. There are just a handful of academic studies on DevOps, and most of these articles 

focus on DevOps technological requirements and tools rather than on the organizational impacts 

associated with DevOps. A good starting point consists of the characteristics of DevOps as given 

by Smeds et al. (2015). The authors derived their argument from a literature review on previous 

DevOps research, and provides us with bases for the discussion. Smeds et al. (2015, p. 170) 

acknowledges DevOps as “a philosophical approach that entails a set of engineering processes 

capabilities supported by certain cultural, technological and managerial factors.” Adopting 

DevOps in an organization requires an integration of different core aspects that previously were 

seen as completely distinct steps of the software delivery process. By core aspects I mean those 

that are all vital to the effective functioning of DevOps, and without which DevOps cannot 

properly work. The theoretical background chapter 2 will bring a more detailed discussion of 

what exactly DevOps is, as it is vital to understand the reasoning behind this research. 

The second goal is, using the alignment approach, to investigate how DevOps factors 

affect IT outcomes, to understand how DevOps can represent an impactful change in the 

software delivery paradigm. Both industry and academia have been struggling to understand to 

what degree DevOps is just another vendor hype or whether it represents an impactful change for 

the future of the IT industry. Several authors have been focusing on DevOps, yet there is no 

generally accepted definition of DevOps, nor is there a concise explanation of what it does and 
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how to apply it. Authors such as Erich et al. (2014) and Jabbari, bin Ali, Petersen (2016) have 

been focusing in defining DevOps by doing literature reviews on what has been previously 

defined by both industry and academia. In their literature review, Erich et al. (2014) found 

several papers that posit the principal characteristics of DevOps, and some other papers focused 

on the Design Science aspect of how to use DevOps tools to better serve programmers 

(McCarthy et al. 2015). I have found no prior research, however, investigating the relationship 

between the actual application of DevOps in real organizations and consequences on IT results. 

Despite the recognized importance of understanding DevOps and how it relates to company 

success, our understanding of how IT achieves those goals is limited, as is our understanding of 

the nature of the change in the software delivery process that comes with adopting DevOps in an 

organization. 

One of the most important contributions to sharing of the DevOps practice is the book 

The Phoenix Project (Kim et al. 2014), a novel written to help companies understand the 

importance of DevOps to help IT departments improve. In the book the authors argue that the 

advantages created by the DevOps capabilities are enormous, enabling faster time to market, and 

increasing customer satisfaction, market share, employee productivity and satisfaction, as well as 

allowing organizations to “win” (e.g., be profitable and competitive) in the marketplace. The 

increased need for faster and better deployment of software led to companies taking advantage of 

the DevOps practices to achieve IT productivity numbers considered impossible only a few years 

ago. Companies such as Amazon, Google and Netflix, after adopting DevOps practices, are 

making software deployments with frequencies greater than 500 a day, with high reliability and 

high customer responsiveness. In order of comparison, an organization that deploys software 

using other methods than DevOps would hardly ever deploy more than once a week. In a 2015 

survey with IT employees from several different companies, Puppet Labs showed that IT 

organizations with high-performing DevOps experienced on average 60 times fewer failures and 

recovered from failures 168 times faster than companies that did not use DevOps. They also 

deployed 30 times more frequently and with 200 times shorter lead times (Puppet Labs 2015). 

The present research contributes to theory by increasing our understanding of how 

DevOps affects IT performance. I achieve this by analyzing DevOps factors and their impact on 
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IT. This is done in by focusing on four core factors of DevOps; (1) Technological Enablers, (2) 

Managerial Methodologies, (3) Organizational Culture, and (4) Delivery Approach. 

Specifically, regarding culture, it is important to note that culture has been studied inside 

organizations for a long time now and has also drawn some attention towards Management 

Information Systems literature (see Leidner & Kayworth 2006, for a review). Leidner & 

Kayworth (2006) argue that culture is vital to the study of IS: “An understanding of culture is 

important to the study of information technologies... can influence the successful implementation 

and use of information technology. Culture also plays a role in managerial processes that may 

directly, or indirectly, influence IT”. Culture is not only important to the context of Information 

Systems as a whole, it is also a vital part of the DevOps literature, it being the case that almost all 

authors that discuss DevOps include culture as a necessary factor for a successful adoption (see 

Erich et al. 2015 for a review on DevOps studies). To address the importance of Culture inside 

the DevOps context I draw both on the theory of IT culture as proposed by Leidner & Kayworth 

(2006) and on the work of Westrum (2004) to increase the understanding of how DevOps relates 

to organizational culture. This research will discuss what it means to have a DevOps culture and 

how that culture factors into the concept of an ideal DevOps company. Finally, based on 

technical and managerial factors, and the IT culture literature I develop a model that accounts for 

the enablers of DevOps adoption and how reflects the current state of DevOps the company 

currently holds, and how this level reflects on the IT outcomes measured by the firm.  

For a better understanding of what DevOps is, the established IS concept of alignment (in 

this research alignment and fit will be used interchangeably) will be used as a concept in this 

study. Most of the authors on the DevOps literature, both from industry and academia, propose 

DevOps as a combination of different philosophies, and they all propose a “how to” for DevOps 

that this research will call the ideal DevOps profile. When explaining what DevOps is, authors 

have typically shown how the perfect DevOps company should be, how the company’s culture, 

management, technology and processes must be at this particular stage for DevOps to fully 

achieve its potential. Companies that strive to achieve higher levels of DevOps assimilation, 

however, are unlikely achieve this ideal DevOps, at least in the short run. As Ravichandran and 

colleagues (2016) affirm, the closer the company is to this ideal DevOps proposed, the greater 

the chances of reaching higher Return of Investment (ROI) by adopting DevOps in the firm. I 
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will discuss in the theoretical background what is considered this ideal DevOps profile, and 

compare this profile to existing companies as a result of the empirical research. To do so, I will 

draw on the previously mentioned concept of alignment, that has already been established in IS 

research (Venkatraman 1989). By measuring the alignment between existing companies and this 

ideal DevOps profile I will be able to address the research question. Thus, I propose the 

following research question: Does alignment with the ideal DevOps organization positively 

affect IT Outcomes? 

This study will contribute to theory by providing a more concise explanation of what 

DevOps is, and by examining the impact of DevOps on performance, which has received little 

attention by the IS literature. By examining DevOps in a more detailed level, I expect to 

contribute to the development of theories that explain the organizational behavior of 21st century 

companies and how their software development organizations are different from their 

predecessors. Also, I expect to contribute to practice by providing knowledge about DevOps and 

its importance for organizations that seek to be competitive in the market. 

The rest of this dissertation is organized as follows. First, I describe the research context, 

which is DevOps. The theoretical background follows by conceptualizing processes and 

technology enablers inside the DevOps context, followed by culture in the IS context and 

DevOps culture. Then, I describe what is the ideal DevOps profile and the role of alignment as a 

concept to be used in this research. The research model and hypotheses are presented, and the 

methodological approach is explained. Finally, I summarize the potential contributions to theory 

and practical implications.  
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CHAPTER 2 

THEORETICAL BACKGROUND 

DevOps is a topic which has yet to amass a mature theoretical knowledge. With this 

research I seek to fill this void by, first, explaining what DevOps is and how it came to be, and 

secondly, drawing on what the literature considers to be the most important factors for DevOps 

to exist, (1) Technological Enablers, (2) Managerial Methodologies, (3) Organizational Culture, 

and (4) Delivery approach. Understanding these factors of DevOps will contribute to the 

comprehension of what is DevOps and why DevOps matters to the organization.  

I discuss the importance of Technology and Management to DevOps, by following the 

footsteps of Kim et al. (2011) theoretical approach on IT Capabilities. To aid in the culture 

portion of the discussion, I do a literature review on the interaction between Culture and MIS and 

propose the use of an IT-Culture theory (Leidner & Kayworth 2006) to justify this argument. 

Finally, by Delivery Approach I address the characteristics that only a DevOps company would 

have. This research hopes to give a better understanding of the current state of DevOps research, 

including the cultural context. Finally, I discuss the “ideal DevOps profile”, which is the 

prototypical organization as presented in the literature as being perfectly adapted to what 

DevOps should be. The ideal DevOps company should show traits of the factors as described in 

the DevOps literature. As an example, in the DevOps literature cloud computing is a factor of 

DevOps companies. The closer a company is to having state-of-the-art cloud computing 

technologies, the closer the company will be to the ideal DevOps company in that factor. The 

ideal DevOps company would be perfect in the factors attached to DevOps in the literature that I 

selected to be part of this research. To compare real life organizations with the ideal DevOps 

company, I draw on the familiar MIS concept of alignment/fit (Venkatraman 1989), where the 

ideal DevOps is assumed to be the best for companies. Real-life organizations possess something 

this research will call DevOps Maturity Level, which is how close they are to the ideal DevOps. 

Before entering the discussion on DevOps, it is necessary to understand what software delivery 

is, what is the role of Software Delivery philosophies and what is their importance in the 

software delivery life cycle. 
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Software Delivery Life Cycle 

For a long time, the idea of software development was vital for the understanding of the 

role of IT in organizations. Several authors over the last years are focusing in bringing this 

definition to what I will call the software delivery life cycle. A software delivery lifecycle is 

essentially a series of steps, or phases, that provide a framework for developing software and 

managing it through its entire lifecycle (Poppendieck & Poppendieck 2003). Before explaining 

further, first I will distinguish the use of software delivery instead of software development. 

According to Davies (2018), programmers consider they job “done” when they finish their part 

of the job (i.e., developing the code for the software), which sometimes means that it can be 

considered done without being live on production, it has not been deployed, and nobody else can 

actually use it. Davies (2018) also affirms that: “Even if it’s deployed, but it doesn’t work on 

production for some unforeseen reason, it’s still useless. Nobody cares that it was working on 

your machine. From the business perspective, it represents a sunk cost with absolutely no benefit 

whatsoever.” The meaning of “done” for software development used to be when code has been 

successfully sent to operations. Their work was “done”. When talking about software delivery 

the goals of software developers and the company are the same. Again, according to Davies 

(2018): “All the value of software is in the delivery. The actual development is a necessary, but 

relatively small part of that. So as engineers we can give better estimates and have more 

productive conversations with stakeholders by focusing particularly on the delivery aspect of 

what we do.” And by delivery is meant that the software is correctly functioning to the final 

users, whomever they may be. Only when software has value to the user and thus creates value 

to the company can it actually be considered “done”. This difference is a fundamental aspect of 

the need for DevOps, as it will be discussed in the following sections, as DevOps seeks to bridge 

this historical difference in goals between Development and IT Operations on the company. 

The basic purpose of software is to provide some functionality to the stakeholders. Those 

can be functionalities that benefit the final customer or projects that can help different internal 

departments of the company to handle their tasks better (i.e., relief of human effort). The true 

goal of software delivery is to provide the most value-adding functionality to the most 

stakeholders, prioritizing by importance defined by the needs of a dynamic environment. This 

goal can be achieved in many ways, such as: increasing the agility to move faster through the 

steps of software development, fixing problems whenever and wherever possible to maintain 



                                                                                     Texas Tech University, Gabriel Cogo, August 2019 
 

9 
 

quality in the process, adjust the needs of the software based in environmental changes, and 

always delivering greater functionalities when possible. The consequence of achieving these 

goals will be delivering software with reliability and quality. 

One of the first arguments towards what I will call the DevOps philosophy was the rise of 

the software factory, where software is produced in a work system. While this is not a new 

concept, as it has been studied as long ago as the 1960’s, it is relevant to the discussion of how 

DevOps came to exist. The term “software factory” was coined in Japan to label development 

facilities or formal approaches to programming (Cusumano 1989). Factories in other industries 

ha\e generally mass-produced products including large-scale centralized operations, standardized 

and deskilled job tasks, standardized controls, specialized but low-skill workers, divisions of 

labor, mechanization and automation, and interchangeable parts. Seeking- to benefit from an 

industrial revolution of its own, engineers and companies in the software industry began using 

the term "factory" in the I 960s when considering more efficient software development 

approaches (Cusumano 1989).  

Software differs from conventional, "hard" products made from interchangeable 

components and constructed through a sequential assembly process; it is primarily an 

iterative/process of design, coding, testing, and redesign. There are industry-wide standards for 

product features, tools, or project management techniques, still insufficient to address all the 

problems that arise from software development (Cusumano 1989, Wynekoop and Russo 1995). 

Cusumano (1989) added:  

"A software factory should be a programming environment residing upon and controlled 

by a computer. Program construction, checkout, and usage should be done entirely within this 

environment and by using the tools contained in the environment. ... A factory has measures and 

controls for productivity and quality. Financial records are kept for costing and scheduling. 

Thus, management is able to estimate from previous data. Among the tools to be available in the 

environment should be compilers for machine-independent languages; simulators, 

instrumentation devices, and test cases as accumulated; documentation tools - automatic flow-

charters, text editors, and indexers; accounting function devices; linkage and interface verifiers; 

code filters (and many others)." 



                                                                                     Texas Tech University, Gabriel Cogo, August 2019 
 

10 
 

 This shift that occurred in the 80s (Cusumano 1991), made it possible for software 

developers to apply these factory concepts into their development process, even as in the 

beginning several companies believed the software development process was to unique for the 

factory principles to be applicable. Cusumano (1991) adds:  

“The development process consists of requirements analysis, system design, detailed 

program design, coding, testing, and installation, as well as redesign or repairs referred to as 

maintenance. Yet these phases are usually more iterative than sequential, and often 

unpredictable in time and costs, because the productivity of individual programmers tends to 

vary enormously and depends on elements difficult for management to control, such as personal 

talent and experience with particular applications. To manage such a complex technology in 

such a dynamic industry, many software producers have resorted to a simple solution: They have 

tried to remain flexible in structure and processes, hiring as many experienced or talented 

programmers as possible and relying on small, integrated teams as in job-shop or craft 

production in other industries. This approach takes advantage of the greater productivity usually 

associated with experienced personnel, and reduces coordination or communications problems 

within the project, as well as the need to divide labor and tasks too rigidly.” 

 DevOps in a sense builds upon years of the evolution of the software factory concept into 

a more flexible way of proposing these principles into the software delivery process of the 21st 

century. Cusumano (1991) affirmed at the time that: “The transition to these practices required 

years of effort and passage through overlapping phases comparable to what firms in other 

industries encountered as they grew and formalized operations.” Swanson and colleagues (1991) 

showed a successful case of Total Quality Techniques towards System Development that was 

considered an advancement towards the application of factory techniques into software delivery. 

The importance of understanding factory principles is more important now than ever, however, 

companies have a considerably smaller amount of time to adapt to the market than before. The 

next section will provide a description on the steps of software development. 

 It is important to note that, while this research focus on the series of tasks associated with 

the Software Delivery Life Cycle (e.g. is a term used in systems engineering, information 

systems and software engineering to describe a process for planning, creating, testing, and 

deploying an information system), this study focuses on looking at the IT organization as a 
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whole. Yet, there is no looking into the IT organization without understanding the Software 

Delivery Life Cycle, as it is encompassing almost everything related to what an IT company 

does. While the objective of this study is to understand the functioning of an IT organization, the 

best way to do so is to understand what the Software Delivery Life Cycle is and how it affects 

the way the organization is shaped and behaves. Only then, this research will be able to address 

the changes brought to the organization with DevOps, as DevOps fundamentally changes the 

Software Delivery Life Cycle, and by doing so, the organization itself. 

Software Development 

In a nutshell, software development is the process of conceiving, planning, designing, 

implementing, testing, documenting, deploying and maintenance involved in creating and 

maintaining applications, frameworks, or other software components. Each of these activities is 

necessary for the successful implementation of a new software (Cusumano 1989). Swanson and 

colleagues (1991) provided a description of the steps required for software development, which I 

summarize here: 

1. Conceiving: The sources of ideas for software products are plenteous. These ideas can 

come from market research including the demographics of potential new customers, 

existing customers, sales prospects who rejected the product, other internal software 

development staff, or a creative third party. Ideas for software products are usually first 

evaluated by marketing personnel for economic feasibility, for fit with existing channels 

distribution, for possible effects on existing product lines, required features, and for fit 

with the company's marketing objectives. In a marketing evaluation phase, the cost and 

time assumptions become evaluated. A decision is reached early in the first phase as to 

whether, based on the more detailed information generated by the marketing and 

development staff, the project should be pursued further. Because software development 

may involve compromising or going beyond what is required by the client, a software 

development project may stray into less technical concerns such as human resources, risk 

management, intellectual property, budgeting, crisis management, etc. These processes 

may also cause the role of business development to overlap with software development. 

2. Planning: Planning is an objective of each and every activity, where we want to discover 

things that belong to the project. An important task in creating a software program is 
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extracting the requirements or requirements analysis. Customers typically have an 

abstract idea of what they want as an end result but do not know what software should do. 

Skilled and experienced software engineers recognize incomplete, ambiguous, or even 

contradictory requirements at this point. Once the general requirements are gathered from 

the client, an analysis of the scope of the development should be determined and clearly 

stated. This is often called a scope document. 

3. Designing: Once the requirements are established, the design of the software can be 

established in a software design document. This involves a preliminary, or high-level 

design of the main modules with an overall picture (such as a block diagram) of how the 

parts fit together. The language, operating system, and hardware components should all 

be known at this time. Then a detailed or low-level design is created, perhaps with 

prototyping as proof-of-concept or to firm up requirements. 

4. Implementation: Implementation is the part of the process where software engineers 

program the code for the project.  

5. Testing: Software testing is an integral and important phase of the software development 

process. This part of the process ensures that defects are recognized as soon as possible. 

In some processes, generally known as test-driven development, tests may be developed 

just before implementation and serve as a guide for the implementation's correctness.  

6. Documenting: Documenting the internal design of software for future maintenance and 

enhancement is done throughout development. This may also include the writing of an 

API, be it external or internal. The software engineering process chosen by the 

developing team will determine how much internal documentation (if any) is necessary. 

Plan-driven models (e.g., Waterfall) generally produce more documentation than Agile 

models. 

7. Deployment and maintenance: Deployment starts directly after the code is appropriately 

tested, approved for release, and sold or otherwise distributed into a production 

environment. This may involve installation, customization (such as by setting parameters 

to the customer's values), testing, and possibly an extended period of evaluation. 

Software training and support is important, as software is only effective if it is used 

correctly. Maintaining and enhancing software to cope with newly discovered faults or 
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requirements can take substantial time and effort, as missed requirements may force 

redesign of the software. 

Historically, the development team was responsible for steps 1 through 6, and after that, 

their responsibility for the reliability and well-functioning of the software was minimal. Step 7 

would be the task of IT operations, which will be discussed next. 

IT Operations 

The definition of IT operations differs throughout the IT industry, where vendors and 

individual organizations often create their own custom definitions of such processes and services 

for marketing their own products. Operations work can include responding to tickets generated 

for maintenance work or customer issues.  Teams can use event monitoring to detect incidents. 

Many operations teams rely on on-call responses to incidents during off-hours periods. IT 

operations teams also conduct software deployments and maintenance operations. Mostly, IT 

operations does all the support work that goes into the Software Development process, being 

responsible for the smooth functioning of the infrastructure and operational environments that 

support application deployment to internal and external customers, including the network 

infrastructure; server and device management; computer operations; IT infrastructure library 

management; and help desk services for an organization. After the software is deployment, IT 

Operations’ job is to make sure that the software works properly, dealing with all the tasks 

related to the maintenance of the software in a production environment.  

The correct functioning of these steps is necessary for the successful delivery of software. 

Following the principles of the software factory, the application of development methodologies 

was the way companies found to transform their software development process into a process 

that could be managed, measured, and improved. 

Why Software Development Philosophies Matter? 

 Discussing the importance of systems development methodologies or philosophies, and 

why are they different, is a step towards the understanding of the evolution of the software 

factory into what I will call DevOps. Secondly, by explaining the roles of Development and 

Operations historically in the software production life cycle, and why they were two distinct 

functions. And finally, introducing the scenario that made DevOps possible. 
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 The goal of software development is to deliver more functionalities to the user. 

Methodologies were originated to improve the management and control of the software 

development process, structure and simplify the process and standardize the development 

process and product by specifying activities to be done and their relationships (Wynekoop and 

Russo 1995). According to Wynekoop and Russo (1995) a system development methodology is a 

systematic approach to conducting software production, consisting in a set of guidelines, 

activities, techniques and tools, based on a philosophy of system development and the target 

system. Examples of some of the most used software development methodologies are (Awad 

2005): 

1. Waterfall: The waterfall model is one of the most traditional and commonly used 

software development methodologies for software development. This life cycle model is 

often considered as the classic style of the software development. This model clarifies the 

software development process in a linear sequential flow that means that any phase in the 

development process begins only if the earlier phase is completed. This development 

approach does not define the process to go back to the previous phase to handle changes 

in requirements. 

2. Prototype: The prototype methodology is the software development process which allows 

developers to create only the prototype of the solution to demonstrate its functionality to 

the clients and make necessary modifications before developing the actual application. 

The best feature of this software development methodologies is that it solves many issues 

which often occur in a traditional waterfall model. 

3. Agile: Agile Software Development is an approach that is used to design a disciplined 

software management process which also allows some frequent alteration in the 

development project. This is a type of software development methodologies which is one 

conceptual framework for undertaking various software engineering projects. It is used to 

minimize risk by developing software in short time boxes which are called iterations that 

generally last for one week to one month. Several ideas that came to fruition with Agile 

Methodology were later adopted by DevOps, as it will be explained in more depth in the 

following sections. 

4. Rapid Application Development (RAD) is an effective methodology to provide much 

quicker development and higher-quality results than those achieved with the other 
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software development methodologies. It is designed in such a way that, it easily takes the 

maximum advantages of the software development. The main objective of this 

methodology is to accelerate the entire software development process. The goal of 

achieving quicker development processes is achievable because the methodology allows 

active user participation in the development process. 

While there are several other methodologies that are used by companies (Awad 2005, 

Wynekoop and Russo 1995), these four are the most prominent examples of software 

development methodologies. It is also important to note the evolutionary aspect of these 

methodologies. While Waterfall methods are still widely used in companies, the creation of other 

methods such as Prototyping and Agile was to address shortcomings of the Waterfall method, as 

to adapt the software development process to a market in constant change. 

Wynekoop and Russo (1995) mention that not all methodologies are equally applicable in 

all situations, and that methodologies have been characterized by strengths and weaknesses. 

However, the authors mention, there is little empirical insight into why some methodologies 

might be better than others in certain situations. Also, Wynekoop and Russo (1995) mention the 

difficulty to evaluate development practices and methodology usage, as measuring the 

effectiveness of existing methodologies or how well they are used has not been properly 

evaluated. Wynekoop and Russo (1995) also argue that methodologies are not always used, and 

more importantly, the authors discuss if methodologies actually work, due to the fact that the 

reality for most companies is hardly similar to whatever was pre-specified by the methodology.  

Why is DevOps More Than a Methodology? 

DevOps is the combination of cultural philosophies, practices, and tools that increases an 

organization's ability to deliver applications and services at high velocity: evolving and 

improving products at a faster pace than organizations using traditional software development 

and infrastructure management processes. While methodologies can be applied in the software 

development process, and culture is generally an afterthought of this resulting process, DevOps 

brings culture as one of the pillars of its functionality.  

DevOps functions as a paradigm in the sense that involves the mindset of the 

organization, how the daily work functions, how employees behave and perceive their goals and 

responsibilities to be, and how they communicate to each other. While there is the technological 
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aspect and the managerial aspect of DevOps, that would resemble a methodology per se, DevOps 

is also about how the system development process works outside of the methodologies, how 

people act whenever it is not prespecified in the methodology itself. It is about how things work 

in any situation inside the company, covered by a methodology or not. DevOps focuses on 

technical and non-technical aspects of software development process (e.g. culture), and shows 

results in organizations that simple methodologies would not achieve.  

The larger performance represents a complex chain of lesser events, mapped out and 

practiced relentlessly. This can be achieved by using teamwork, communication, and near 

constant review meant to spur process improvement. Inside the modern software factory, 

workers are engaged in the goal of surviving in the current business environment. (Ravichandran 

et al. 2016) Organizations must embrace digital transformation, thereby advancing their ability to 

evolve software and services to meet changing customer expectations. According to 

Ravichandran and colleagues (2016), 68% of customer noted that they will completely abandon a 

brand based on mere seconds of delay in application load times. Specifically, respondents 

indicated an expectation that applications will load in six seconds or less, or else they simply 

drop the application, and often the related provider. Further, more than half these respondents 

indicated that they expect application loading times of less than three seconds before they run out 

of patience (Ravichandran et al. 2016). Improvement of software delivery has become a 

prerequisite for survival. Based on this reality, the need for broader adoption and advancement of 

DevOps culture, process, and tooling to speed and improve applications delivery is thrown into 

stark relief. An organization’s ability to wrap its arms around DevOps has become a key 

differentiator in competing for end users’ attention and dollars; in contrast, failing to meet 

changing customer expectations related to applications quality and performance often means 

losing out to more agile competitors (Ravichandran et al. 2016). 

This is one of the biggest draws of DevOps as explained by the literature. DevOps is 

more than a mere methodology in the sense that it represents a shift in the mindset of 

professionals and the approach towards software delivery. Methodologies are not always used as 

they were meant to be, mostly due to professionals failing to apply in a day-to-day basis, but 

DevOps operates in the daily work of programmers, analysists and managers, focusing on their 

collaborative efforts and changing their perception of work in a daily basis. DevOps works with 
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a “hand’s on” approach, directly focusing the task of delivering software (Kim et al. 2014). This 

argument will be the basis for what this research calls a Delivery Approach. 

What is DevOps? 

An initial understanding of DevOps can be derived from its name. DevOps can be simply 

put as the junction of the words Dev (Development) plus Ops (Operations) in the context of IT. 

While that definition seems straightforward enough, it masks what DevOps entails, which is a 

complex change in the way software is developed and maintained. Historically, these two 

different departments of the IT process were clearly separated and for the most part had different 

goals. Based on this heritage, it could be said that the software development department is 

responsible for the processes of programming and creating new software applications. While IT 

operations are the processes and services administered by an organization’s IT department, 

whose operations include administrative processes and support for hardware and software. While 

complementary in nature, these different processes of a software lifecycle used to always be 

separate, and usually IT operations would only work on a project after Development had 

considered it to be ready on their end, where each department would do their own tasks with 

minimal involvement in the other department’s tasks. There is a longstanding contradiction 

between software developers and IT professionals who are responsible for its operation. The 

essence of this contradiction lies in different tasks and different areas or responsibility of 

development and operation professionals. Thus, developers are interested in more releases, 

improving software and expanding its functionality. In turn, IT operation professionals are 

interested in stable software to ensure trouble-free operation of information systems (Onokoy & 

Lavendels 2018). Nonetheless, the processes of these two departments are intrinsically related 

and decisions one department makes have direct impact on the other department. The survival of 

both depends on their ability to coexist and create synergy. The need for better cooperation and 

communication between these two different departments to increase quality and reduce time to 

market (i.e., in commerce, time to market (TTM) is the length of time it takes from a product 

being conceived until its being available for sale).  

Research being done on DevOps relates to individual firm reports from industry itself, 

which lack a global view on the subject. Just a handful of academic articles address DevOps, and 

most of them are related to computer science, rather than of Management Information Systems 
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(MIS) research. In a literature review of DevOps academic articles, Erich et al. (2014) indicates 

that this lack of a shared definition of DevOps leads to several misunderstandings, where some 

perceive DevOps as a conceptual framework or methodology, others as a job description and a 

skill set, and some even choose to define DevOps simply as software tools designed to help 

software development. A search in the Web of Science database as of July 2018 for the topic 

DevOps resulted in 211 papers with the terminology, or either using it as a tool for other 

purposes or inside the software engineering research area, mostly as a software management tool 

to improve productivity. Of those 211 papers, only 2 were related to economics and 1 to 

management. All other articles were related to computer science (Web of Science, 2018). Newer 

research such as Jabbari et al. (2016) tries to tackle this problem by doing a systematic concept 

mapping study, where they analyze and compare definitions of DevOps from the research 

literature, and identify and classify practices associated with DevOps, joining information from 

both academia and industry reports. Table 1 shows some of the most prominent articles on 

DevOps, what their contribution to the study of DevOps are, and what definition they use. 
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Table 1. Current Research on DevOps 

Author Year Publication Discipline Theory Methodology Definition of DevOps Main Findings 

Roche 2013 Comm. of the 

ACM 

Computer 

Science 

None Discussion A specific job description for DevOps states 

that developers work mostly on code, 

operations work mostly with systems, and 

DevOps is a mix of those two skill sets. 

DevOps practices improve quality assurance in 

software deployments. 

Walls 2013 Building a 

DevOps 

Culture. 

Published by 

O’Reilly 

Media, Inc. 

Information 

Systems 

None Discussion As a technical process, tools have emerged 

that enable teams to work more quickly and 

efficiently. Tools alone are not enough to 

create the collaborative environment that 

many of us refer to now as DevOps. 

The book discusses the steps necessary for the 

successful implementation of DevOps practices. 

Bang, 

Chung, 

Choh, 

Dupuis 

2013 RIIT’13, 

October 10–12, 

2013, Orlando, 

Florida, USA. 

Information 

Systems 

Ground

ed 

Theory 

Case Study The arrival of cloud computing allowed us to 

merge together software development, 

deployment, and operation in what is known 

as DevOps. DevOps is a combination of 

development and operations. Consequently, 

diverse stakeholders are involved in DevOps, 

including business analysts, software 

developers, software testers, and quality 

assurance personnel for development, and 

system administrators, database 

administrators, network administrators, web 

masters, and security officers for operations. 

Because of these diverse roles, DevOps has 

four perspectives: 1) a culture of 

collaboration between all team members, 2) 

automation of build, deployment, and testing, 

3) measurement of process, value, cost, and 

technical metrics, and 4) sharing of 

knowledge and tools. 

The authors propose a new theory that modern web 

application development with the Knowledge, 

Skills, and Abilities approach supports the four 

perspectives of DevOps. 

Wetting

er, 

Breiten

bucher, 

Leyman

n 

2014 Villari,M., 

Zimmermann, 

W., Lau, K.-K. 

(eds.) ESOCC 

2014. LNCS, 

vol. 8745, pp. 

108–122 

Computer 

Science 

None System 

Experiment 

DevOps is an emerging paradigm to 

eliminate the split and barrier between 

developers and operations personnel that 

traditionally exists in many enterprises today. 

The main promise of DevOps is to enable 

continuous delivery of software in order to 

enable fast and frequent releases. This 

enables quick responses to changing 

requirements of customers and thus may be a 

critical competitive advantage. 

In this paper the authors introduce a new domain-

specific language called DevOpSlang in 

conjunction with a methodology to enable the 

implementation of DevOps. 
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Waller, 

Ehmke 

and 

Hasselb

ring 

2015 ACM 

SIGSOFT 

Software 

Engineering 

Software 

Engineerin

g / 

Computer 

Science 

 
System 

Experiment 

The DevOps movement intends to improve 

communication, collaboration, and 

integration between software developers 

(Dev) and IT operations professionals (Ops). 

They suggest including benchmarks into 

continuous integration early in the development 

process. In current practice, benchmark and 

monitoring instrumentation is often only integrated 

into the software when problems occur after release 

in the production environment of IT operations. 

Measurement instrumentation, i. e., benchmarks as 

well as monitoring, should be integrated into 

software development right from the start. 

Smeds, 

Nybom 

and 

Porres 

2015 C. Lassenius et 

al. (Eds.): XP 

2015, LNBIP 

212, pp. 166–

177, 2015. 

Information 

Systems 

None Qualitative 

Interviews 

We define DevOps as a set of engineering 

process capabilities supported by certain 

cultural and technological enablers. 

Capabilities define processes that an 

organization should be able to carry out, 

while the enablers allow a fluent, flexible, 

and efficient way of working. 

They conclude that DevOps is a multifaceted 

concept and its definition still requires attention of 

the research community. We further conclude that 

adopting DevOps is not perceived as trivial but it 

can require overcoming several impediments. 

Analyzing which area impediments correlate to, 

shows that the impediments are complex and tend 

to affect several parts of DevOps. This supports the 

notion of DevOps being a cohesive but 

multifaceted phenomenon. 

McCart

hy, 

Herger, 

Khan 

and 

Belgod

ere 

2015 2015 IEEE 

International 

Conference on 

Services 

Computing 

Computer 

Science 

None System 

Experiment 

DevOps blurs the traditional boundaries 

between developers and IT by ideally 

bringing together development and 

operations to achieve a common goal. 

“Writing the code” and “making them work 

on a platform” are the kind of works done by 

different types of people who traditionally 

worked separately and implemented entirely 

different methodologies and workflows. 

Both business units stand to gain a lot from the 

configuration driven composable DevOps pipeline 

feature of 

the author's solution. They gained the flexibility to 

try out various combinations of DevOps pipeline 

phase specific criteria and tools to find the best 

process that meet their requirements. 

Kim et 

al. 

2015 10th 

International 

Workshop on 

Business-

driven IT 

Management 

(BDIM) 

Computer 

Science 

None System 

Experiment 

They do not provide one. In this paper, the authors discussed the DevOps 

requirements 

specific to the modern network service creations 

that follow 

a trend towards employing virtualization and 

software-defined network technologies. 

Furthermore, they proposed an extended DevOps 

concept (SP-DevOps) that addresses the discovered 

requirements and demonstrated how it can be used 

in a large scale service creation by taking EU FP7 

project UNIFY as a reference architecture. 

Table 1, Continued 



                                                                                     Texas Tech University, Gabriel Cogo, August 2019 
 

21 
 

Lwakat

are, 

Kuvaja, 

and 

Oivo 

2015 © Springer 

International 

Publishing 

Switzerland 

2015 

C. Lassenius et 

al. (Eds.): XP 

2015, LNBIP 

212, pp. 212–

217, 2015. 

DOI: 10.1007 

Information 

Systems 

None Literature 

Review/ Case 

study 

Companies offering Internet-based services 

like Facebook, are now deploying software 

functionality to customers on a daily basis. 

This paradigm change towards continuous 

deployment of software functionality has 

brought opportunities as well as challenges 

for most companies. DevOps, a blend of two 

words, Developers and Operations, is a new 

phenomenon that helps facilitate this change. 

This study identifies four elements that characterize 

DevOps: collaboration, automation, measurement 

and monitoring. A conceptual framework is also 

presented to describe the phenomenon. It 

contributes to previous research by confirming 

three elements of DevOps and it adds one new 

element. It also presents a conceptual framework to 

describe the phenomenon. 

Jabbari, 

bin Ali, 

Peterse

n 

2016 XP 16' 

Workshops, 

May 24 2016, 

Edinburgh, 

Scotland UK 

Information 

Systems 

None Literature 

Review 

DevOps is a development methodology 

aimed at bridging the gap between 

development (Dev) and Operations (Ops), 

emphasizing communication and 

collaboration, continuous integration, quality 

assurance, and delivery with automated 

deployment utilizing a set of development 

practices. 

The authors focus on how research articles view 

DevOps and how it is defined in relation to other 

methods. Also, they provide a concise definition of 

DevOps based on previous literature. 

Ravicha

ndran, 

Taylor, 

Waterh

ouse 

2016 DevOps for 

Digital 

Leaders, pp. 

139-150, 

Springer, 11 

November 

2016 

Information 

Systems 

None Discussion They do not provide one. This article discusses the bridge between DevOps 

and real world ROI, and how DevOps can directly 

impact organizational results. 

Riungu-

Kallios

aari et 

al. 

2016 Product-

Focused 

Software 

Process 

Improvement: 

17th 

International 

Conference, 

PROFES 2016, 

pp. 590-597, 

Trondheim, 

Norway, 

November 

2016, Springer. 

Information 

Systems 

None Case Study A set of practices intended to reduce the time 

between committing a change to a system 

and the change being placed into normal 

production, while ensuring high quality. The 

DevOps phenomenon has two core 

principles, (1) emphasis on collaboration 

between development and operations; and (2) 

the use of agile principles and automation to 

configure and manage deployment 

environments. 

In this research they present several possible 

challenges that arise from the DevOps adoption, as 

discuss also the possible benefits from it. 

Table 1, Continued 
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Farid, 

Helmy, 

Bahloul 

2017  International 

Journal of 

Advanced 

Computer 

Science and 

Applications 

Computer 

Science 

None Case Study DevOps is an approach that emerges to 

bridge this gap between these two teams 

(Software Development and IT Operations) 

and to achieve collaboration between them. 

The deployment process needs to be highly 

automated to enable continuous delivery of 

software, so the DevOps provides a huge 

variety of practices to implement holistic 

deployment automation 

Enhancing of Lean Software Development process 

was done through determine the causes of the lean 

software development wastes and how using 

DevOps practices in improving and addressing 

these wastes. The role of DevOps in the addressing 

or these wastes lead to create a new lean and 

DevOps framework that used to enhance process of 

Lean through reduce time to market and increases 

the rate of software delivery. 

Onokoy 

and 

Lavend

els 

2018 Applied 

Computer 

Systems 

Information 

Systems 

None Discussion The main ideas of DevOps are to consolidate 

efforts and expand communication between 

software developers (Development) and IT 

professionals (Operation), as well as to 

automate software deployment processes to 

ensure high quality [1], [2]. The functionality 

of the DevOps methodology is the inter-

crossing of three areas: Development 

(Software Engineering), Technology 

Operations and Quality Assurance. 

The article discusses several existing software 

development methodologies, such as Rational 

Unified Process (RUP) and Agile, later then 

introducing DevOps as a new viable option towards 

methodology adoption for software development. 

Laukka

rinen, 

Kuusin

en, 

Mikkon

en 

2018 Information 

and Software 

Technology 

Information 

Systems 

None Literature 

Review 

Practices that reduce and join repetitive tasks 

with automation in development, integration, 

and deployment. 

The authors aim to bring DevOps and regulated 

software development closer to each other. First, 

they want to make it easier for developers to 

develop regulated software with tools and practices 

they are familiar with. Secondly, they provide 

regulatory authorities solutions by defining a 

mapping between DevOps and regulatory software 

development. 

Gill, 

Loumis

h, 

Riyat, 

Han 

2018 Journal of 

Information 

and 

Knowledge 

Management 

Systems 

Information 

Systems 

None Literature 

Review 

The principles of DevOps are highly based 

on automation, continuous delivery, short 

release cycles and agile development to 

enable the delivery of great value to the 

customer. 

In total 11 major roles, 6 processes, 23 

technologies, 5 artifacts and 7 challenges (including 

6 corresponding solutions) were found. DevOps 

engineer is becoming a newly identified role. 

Continuous delivery pipeline and continuous 

improvement are the most highlighted major 

DevOps processes. Build system technology is 

becoming the key focus of DevOps. Finally, major 

challenges are around people and culture and the 

misunderstanding of DevOps. Potential research 

areas are: DevOps analytics, artifacts and tool–

chain integration. 

 

Table 1, Continued 
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Kim et al. (2014) acknowledge that the term “DevOps” was originally coined by Patrick 

Debois and Andrew Shafer in 2008, and it entered common usage in 2009 in the Velocity 

Conference community with the famous “10+ Deploys per Day: Dev and Ops Cooperation at 

Flickr” presentation, given by John Allspaw and Paul Hammond. In their book, Kim et al. (2014) 

refer to DevOps as the outcome of applying Lean principles to the IT value stream (i.e., sequence 

of activities required to design, produce, and provide a specific good or service, and along which 

information, materials, and worth flows). Lean principles are based on more than a century of 

management practices, mainly concerning the transformation of physical goods, as in 

manufacturing. Kim and colleagues (2014) argue that those same principles can be used to 

accelerate the flow of work through Product Management, Development, Test, IT Operations, 

and Information Security. 

On a first glance, these changes might seem like adopting a new system, a new 

methodology, changing some processes, or reorganizing some structures inside the company. 

While all of those do happen with DevOps, its impact in the way companies deliver software is 

larger than the sum of its parts, as it fundamentally changes the software delivery life cycle 

process from the way things were done before. This leads to a revolution on how IT is created 

and maintained. Several authors mention that DevOps bases its assumptions from previous 

principles that come from the Lean Management, as also benefits from the Agile community and 

their advancements (Kim et al. 2014). DevOps builds upon those, as it can be considered an 

evolution of those methodologies not only into an IT context, but also responsive to the current 

market needs.  

Calling DevOps just a new methodology to be applied in IT companies can be 

significantly misleading, because adopting DevOps principles may require extensive training and 

a cultural change to fully become able to achieve those goals. This is no easy task for most 

companies, since for most of them embracing DevOps may require restructuring every single 

process in the IT organization. To get a better understanding of what DevOps is, the book The 

Phoenix Project by Kim et al. (2014), may serve as a starting point. First, they present three 

underpinning principles based on Lean Management processes that all DevOps patterns can be 

derived from. Those are called the Three Ways, which will be discussed in the following section. 
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 Second, Kim et al. (2014) address several misconceptions or “myths” about DevOps that 

are commonly seen in the literature, as the authors treat DevOps as a transformational and 

disruptive movement. The first misconception is that DevOps is a replacement for Agile. 

DevOps and Agile are compatible. As the authors mention, “DevOps is the logical continuation 

of the Agile Journey, because it is now known that the real definition of ‘done’ is not when 

Development has finished coding. Instead, code is only ‘done’ when it has been fully tested and 

is operating in production as designed”. The second misconception is that DevOps means NoOps 

(i.e., IT Operations is eliminated). DevOps will often put more responsibility on Development to 

do code deployments and maintain service levels. This merely means that Development is taking 

over many of the IT Operations functions. Another important topic that Kim et al. (2014) brings 

forward is that to support fast lead times and enable developer productivity, DevOps does require 

many IT Operations tasks to become self-service. In other words, many of the activities will be 

automated so that developers can do it themselves.  

It is important to note that DevOps is also only made feasible due to technological 

advancements such as Cloud Computing, automation, and infrastructure as a code, that make it 

possible for previous complicated operations to be automated, allowing programmers to focus on 

more value-adding tasks. These technological capabilities, which will be discussed further in the 

next chapter, stress the need for automating tasks (Smeds et al. 2015), but also explain how this 

is possible. Most importantly, the Technological Enablers shift the focus of the employees from 

manual error-prone repetitive tasks to creative and productive tasks (Smeds et al. 2015). In the 

third “myth”, Kim et al. (2014) argues against the proposition that DevOps only serves as an 

automation tool, and nothing else. DevOps also requires shared goals and shared efforts 

throughout the IT value stream that go far beyond just automation, yet, considering automation 

as part of a process where state-of-the-art technology is used to reduce errors and allow 

developers and IT operations personnel to focus on more complex and important tasks. 

Finally, Kim et al. (2014) address that which ends up being the motivation for this 

research, the “myth” that DevOps is only for startups and “unicorns”. This would mean that 

DevOps would be only applicable to organizations that are able to build their technology from 

scratch, so the company would not be hampered by having to deal with legacy software or 

architecture. They defend that DevOps is applicable and relevant to any organization that must 
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increase flow of planned work through IT Development, while maintaining quality, reliability, 

and security in the process. The authors argue that the best organizations doing DevOps were not 

born this way. Several companies that were struggling and were able to adopt DevOps and 

change for the better are mentioned. Their discussion helps provide motivation for this research, 

since it still is a topic of discussion whether DevOps should be applicable to any company 

willing to become DevOps; Kim et al. (2014) agree it can be useful for everyone. 

To better understand the importance of these Technological Enablers and Managerial 

Methodologies in the success of a DevOps organization, I draw on the theoretical approach of IT 

capabilities as used by Kim and colleagues (2011). 

Theoretical Development on IT Capabilities 

 Many studies have attempted to understand the role of IT in organizations, and more 

researchers are paying attention to the notion of IT capabilities, including their potential to 

transform IT resources into business value (Kim et al. 2011). Dynamic capabilities are defined as 

“the ability to integrate, build, and reconfigure internal and external competencies to address 

rapidly changing environments (Teece, Pisano, & Shuen 1997, p.517). More recently, Helfat 

(2007) have defined dynamic as “the capacity of an organization to purposefully create, extend 

or modify its resource base.” These capabilities are demonstrated by a firm’s ability to recognize 

changing opportunities in internal and external environments, configuring organizational 

processes and deploying resources efficiently and promptly to capitalize on them (Eisenhardt & 

Martin 2000). 

 Changes in business processes, ranging from incremental adjustments and improvements 

to radical reconfigurations and alterations (Ambrosini, Bowman & Collier 2009), constitute an 

important indicator of dynamic capabilities. Whether the enhancement is radical or gradual, it 

has been recognized that even seemingly minor innovations (e.g. technological changes) can 

have dramatic impacts on a firm’s abilities in terms of market competition (Salvato 2009). In 

addition, a firm’s ability to make changes in business processes in a dynamic fashion (though 

gradual) indicates its readiness to undergo other radical reconfigurations effectively when the 

situation demands (Kim et al. 2011). 
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 Following Kim and colleagues (2011)’s approach on IT dynamic capabilities, I will first 

introduce the theoretical reasoning to explain the relationship between IT Management 

Capabilities and IT Technological Capabilities with IT performance. The IT capability literature 

recognizes that competence in mobilizing and deploying IT-based resources is a source of 

competitive advantage and differentiates Firm Performance (Bharadwaj 2000). It is important to 

emphasize that while the goal of this paper is not to measure once again the relationship between 

IT and firm performance, as studies so many times before, by showing a positive relationship 

between DevOps and measurable IT outcomes I expect to make the reasonable argument that 

DevOps will lead to improved firm performance.  

The Role of Technological Enablers for DevOps 

Theory on IT Technological Capabilities 

 IT technological capabilities refers to the composition of IT assets (e.g. software, 

hardware, and data) (Byrd & Turner 2000). IT technological capabilities enables IT staff to 

develop, diffuse, and support various system components quickly, to react to changing business 

conditions and corporate strategies such as mergers, acquisitions, strategic alliances, global 

partnerships, or economic pressures (Bharadwaj 2000). A firm with flexible IT technological 

capabilities can, therefore, take better advantage of existing IT resources to exercise business 

strategies and support necessary structural changes (Boar 1996). Such IT capability becomes an 

asset for an organization in sustaining competitive advantages in the marketplace (Rockart et al. 

1996). 

 In today’s business environment, where rapid changes and uncertainties have become 

normal, having a flexible IT capability is crucial (Rockart et al. 1996). Studies indicate that IT 

technological capabilities can be manifested by a firm’s (1) connectivity among intra- and inter- 

organizational systems functions, (2) compatibility, which empowers the exchange of 

information regardless of system or technology components; and (3) modularity, in which 

system and software components can be easily added, modified, and removed in the form of 

modules (Byrd & Turner 2001). Flexibility in IT technology enables strategic innovations in 

business processes by allowing development of necessary applications, facilitating information-

sharing across business unties, and making it easy to develop common systems integrating 

various organizational functions (Bharadwaj 2000). While there are several Technological 
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Enablers that could possibly affect firm’s performance, authors in the DevOps literature such as 

Smeds et al. (2015) and Jabbari et al. (2016) focus on two technological enablers as vital for the 

ideal DevOps company to exist, automation and cloud computing. 

Automation 

Discussing Automation in the DevOps context is one of the most important topics for 

most authors (Erich et al. 2014, Roche 2013). Research has appointed the importance of a 

company automating its processes for DevOps to be adopted more easily (Ravichandran et al. 

2016), but also by adopting DevOps, the organization will be able to automate their processes 

with better success rate and faster lead times.  

Automation assumes a vital role in any company that wishes to become a high 

performing DevOps organization, and as such, high performing DevOps organizations will have 

high levels of automation in their IT department. The easiest way to define automation is saying 

that “IT automation is responsible for the linking of disparate systems and software in such a 

way that they become self-acting or self-regulating”. While this seems easy enough by 

definition, it is a complicated task especially for bigger more complex systems, and usually 

involves different departments working together to achieve this goal. While Kim et al. (2014) 

reinforce that DevOps does not mean NoOps (i.e., eliminating IT Operations), they mention the 

importance of automation to create autonomy for the Development team and to support faster 

lead times. When the automation process is correctly done, it enables the IT department to focus 

on more important tasks instead of operational work. It is also important to discuss the role of 

automation since it reflects the current technologies’ ability to support DevOps practices, since 

this kind of complex automation would not be possible some time ago. Automation is a vital part 

of the DevOps structure, yet it is far from being the only requirement or goal, since DevOps goes 

beyond automatization. In the Ideal DevOps organization section, I will discuss which are those 

other goals, emphasizing that they can only be achieved in an organization where the 

Automation is used to their fullest. 

Cloud Computing 

Cloud computing is a vital technological tool that suits DevOps well, as it enables faster 

communication and sharing between different departments. Jabbari et al. (2016) assert that Cloud 

Computing can be considered as an enabler for DevOps, for frequent releases, continuous 
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delivery (i.e., the ability to get changes of all types - including new features, configuration 

changes, bug fixes and experiments - into production, or into the hands of users, safely and 

quickly in a sustainable way), integration and automation as possible advantages for the 

company. Sussna (2013) makes the argument that while DevOps and Cloud are intrinsically 

separate and independent, they mutually reinforce strategies for delivering business value 

through IT.  Smeds et al. (2015) also argue DevOps is made better using cloud computing 

technological tools that facilitate continuous delivery, one of the main goals of DevOps.  

It can be argued that DevOps can be achieved without the aid of cloud computing, 

however, most of the literature supports the notion that both are far superior when combined 

(Sussna 2013). As Linthicum (2017) addresses, many people attribute the rise of DevOps 

directly to the rise of cloud computing because it’s easy to continuously update cloud-based 

applications and infrastructure. Linthicum (2017) also mentions that “the use of cloud-based 

platforms and DevOps is largely synergistic, although DevOps works just fine on non-cloud 

platforms. Nonetheless, clouds are purpose-built to take advantage of the value that DevOps 

provides, and can accelerate the ROI that DevOps brings.” Linthicum (2017) also mentions that 

both DevOps and Cloud computing are designed with automation in mind, giving another reason 

for them to be mutually beneficial. 

It is important to understand that DevOps, as expressed by Kim et al. (2014), is the 

outcome of applying sound management practices developed over a century to the IT value 

stream. While individually any of these Technological Enablers can be found in the IT software 

delivery process, they are also valuable factors for DevOps.  

 These Technological Enablers presented by Kim et al’ (2014) have also influenced and 

participated in the creation of the understanding of what DevOps is. Understanding the role of 

those different factors allows us to better comprehend the importance of the technologies inside 

the company that are necessary for an efficient DevOps adoption. These Technological Enablers, 

however, are not the only necessary requirements for DevOps to exist. 
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The Role of Managerial Factors for DevOps 

Theory on IT Management Capabilities 

 IT management is a centrally controlled or heterogeneously distributed IT function across 

firms (Bhatt & Grover 2005), and is manifested by the collection of IT processes in areas of 

planning, decision-making, coordination, and control. IT management capability is the IT staff’s 

ability to manage resources to transform them into business value at an organization (Peppard 

2007). This ability is generally reflected by the level at which such processes are structured in 

formal and informal practices (Kim et al. 2011). 

 IT planning focuses on formal or informal procedures and protocols to attain stated goals 

as how IT can support or even strengthen a firm’s strategic position. IT planning structure 

contributes to the formation of a shared understanding of IT values and fosters collaboration 

among IT people to achieve common goals (Kim et al. 2011). Accordingly, an organization with 

effective IT planning can identify innovative and useful IT applications, is competent at 

introducing and utilizing IT, manages IT projects according to its priorities, and makes efforts to 

retain formalized and long-range IT strategies (Sabherwal 1999). 

 IT coordination represents efforts to synchronize various interactive efforts among the 

units of IT management via various mechanisms. The cross-functional team is generally known 

to be the most effective structural design for IT coordination (Kim et al. 2011). Moreover, such 

distinctive characteristics as the patterns and frequency of interactions affect the ultimate 

effectiveness of IT coordination (Fulk & Boyd 1991). A firm with strong IT coordination 

structure better accommodates client suggestions and ideas and encourages informal and formal 

gatherings of IT and business people to address pending issues (Karimi et al. 2001). As the 

successful implementation of business process innovations requires deployment of the right IT to 

the right business process (Melville et al. 2004), firms with competent IT management are 

expected to have better internal processes for agile transformation than the competition, and are, 

thus, more likely to be prepared for change (Weill et al. 2002). 

To understand DevOps, first we must understand where it came from. Most authors in the 

DevOps literature (Erich et al. 2014, Riungu-Kalliosaari et al. 2016, Smeds et al. 2015) agree 

that for DevOps to be adopted correctly, the company needs to have the necessary Managerial 

Methodologies. DevOps differentiates itself from practices such as Lean Management and Agile 
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Management by contemplating other factors, yet DevOps acknowledges and reflects an evolution 

of Lean and Agile practices and convergence of these different approaches into one unique way 

of developing software as an important factor of what it is. Kim et al. (2014) mention that 

DevOps is also a convergence of philosophical management movements, not just applied to the 

IT context, but also taking into consideration the singular aspects of IT and the software 

development process. The Lean Management and Agile Methodology are the factors that the 

literature agrees to be the most important practices and processes that support DevOps. While 

none of them are required for DevOps to exist, the more of these factors in the company the 

greater the DevOps potential the company possesses (the closer the company is to the ideal 

DevOps profile). While these factors are not the only ones to be attached to DevOps, they are the 

ones more consistently cited in the DevOps literature. As Kim et al. (2014) puts it:  

“And of course, DevOps extends and builds upon the practices of “infrastructure as a 

code”, as well as continuous integration and continuous deployment. DevOps also benefits from 

an astounding convergence of philosophical management movements, such as Lean Startup, 

Innovation Culture, Toyota Kata, Rugged Computing, and the Velocity community. All of these 

mutually reinforce each other, creating the conditions of a powerful coalition of forces that can 

accelerate DevOps adoption.” 

It can be argued that for a company to adopt DevOps, there is no requirement to have 

previous adoption of methodological approaches such as Lean Management and Agile 

Methodology. Nevertheless, companies that possess traits associated with these methodologies 

will understand DevOps more closely, as DevOps draws in several of their principles to create its 

own philosophical approach. 

Lean Management 

Lean Management practices have been used in organizations for a long time, and these 

practices tells us to optimize the end-to-end process which creates value for your customer. Lean 

Management focuses on flow more than anything else, bottlenecks in the process must be 

removed and wasteful activities need to be identified and avoided (Marschall 2012). It is 

important to understand why Lean Management influences DevOps. As Arnheiter and Maleyeff 

(2005) explain, “Lean management is the achievement of high throughput and low inventories 

and the reduction of waste. By this elimination of waste, all activities along the value stream 
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create value, and companies should strive for continuous improvement and seek to establish 

standardized work procedures.” DevOps captures these ideas of focus on quality and synergy 

between different departments in the company, especially when it comes to indirect and 

overhead activities.  

Arnheiter and Maleyeff (2005) argue that any policy or procedure having a goal of 

optimizing the performance of a single portion of a company risks violating lean management 

rules, because helping the improvement of one single department might not be the best for the 

interest of the whole company or the consumer. In the sense that Development and Operations 

should work together in all stages of software creation and operation, DevOps seeks to avoid 

having one department focus only on its problems and passing what it can to the responsibility of 

others. DevOps means that they should be involved in all the steps to make sure the software will 

work properly from the inception to deployment (and during its life cycle). The application of 

Lean Management ensures that the capability of IT Planning and IT Coordination are being 

applied in the company, as Lean focus the strategies of the company into the formation of a 

shared understanding of the IT goals and values. By adopting Lean, the company will prioritize 

the improvement of their internal processes to gain competitiveness on the market. 

The difference between high-performance companies and their average competitors has 

been studied for a long time, and much is known about what makes some companies more 

successful than others. In various types of production, there are some solid approaches that foster 

high performance, and others that are likely to hinder it. Areas such as manufacturing, logistics, 

and new product development have development knowledge of how to provide the best 

environment for superior performance (Poppendieck & Poppendieck 2003). While Lean 

Management is an important concept of what constitutes DevOps, DevOps is differentiated from 

Lean by the fact that it is a bigger movement towards a new concept of organizational IT, by 

changing the company’s culture, by introducing new techniques and concepts of software 

development, but most of all, for the first time proposing that the Development team and the 

Operations team of the company work together to reach a commonly shared goal (Erich et al. 

2014). As Kim et al. (2014) have shown in their book, both the Three Ways and the Four Types 

of Jobs (Business projects, Internal IT projects, Changes, and Unplanned Work) constitute as a 

transition from Lean Management ideas, per se, and meld into an IT enabled process, as software 
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development has several unique characteristics that differentiate it from other types of 

production. They show that Lean Management can be applied in an IT context, even though the 

IT field has particularities inherent to the software delivery process that are different from 

manufacturing. This is because many concepts of Lean Management, previously thought to be 

incompatible with the way IT works, can be adapted into this context. According to Poppendieck 

& Poppendieck (2005), there are the seven basic principles of Lean Management, and how they 

function in the software delivery process, which I summarize below: 

1. Eliminate waste. Waste is anything that does not add value to a product, value as perceived by 

the customer. In lean thinking, the concept of waste is a high hurdle. If a component is sitting on 

a shelf gathering dust, that is waste. If a development cycle has collected requirements in a book 

gathering dust, that is waste. If a manufacturing plant makes more stuff than is immediately 

needed, that is waste. If developers code more features than are immediately needed, that is 

waste. In manufacturing, moving product around is waste. In product development, handing off 

development from one group to another is waste. The ideal is to find out what a customer wants, 

and then make or develop it and deliver exactly what they want, virtually immediately. Whatever 

gets in the way of rapidly satisfying a customer need is waste. 

2. Amplify learning. Development is an exercise in discovery, while production is an exercise in 

reducing variation, and for this reason, a lean approach to development results in practices that 

are quite different than lean production practices. Development is like creating a recipe, while 

production is like making the dish. Recipes are designed by experienced chefs who have 

developed an instinct for what works and the capability to adapt available ingredients to suit the 

occasion. Yet even great chefs produce several variations of a new dish as they iterate toward a 

recipe that will taste great and be easy to reproduce. Chefs are not expected to get a recipe 

perfect on the first attempt; they are expected to produce several variations on a theme as part of 

the learning process. Software development is best conceived of as a similar learning process 

with the added challenge that development teams are large, and the results are far more complex 

than a recipe. The best approach to improving a software development environment is to amplify 

learning. 

3. Decide as late as possible. Development practices that provide for late decision making are 

effective in domains that involve uncertainty, because they provide an options-based approach. 
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In the face of uncertainty, most economic markets develop options to provide a way for investors 

to avoid locking in decisions until the future is closer and easier to predict. Delaying decisions is 

valuable because better decisions can be made when they are based on fact, not speculation. In 

an evolving market, keeping design options open is more valuable than committing early. A key 

strategy for delaying commitments when developing a complex system is to build a capacity for 

change into the system. 

4. Deliver as fast as possible. Until recently, rapid software development has not been valued; 

taking a careful, don't-make-any-mistakes approach has seemed to be more important. But it is 

time for "speed costs more" to join "quality costs more" on the list of debunked myths. Rapid 

development has many advantages. Without speed, you cannot delay decisions. Without speed, 

you do not have reliable feedback. In development the discovery cycle is critical for learning: 

Design, implement, feedback, improve. The shorter these cycles are, the more can be learned. 

Speed assures that customers get what they need now, not what they needed yesterday. It also 

allows them to delay making up their minds about what they really want until they know more. 

Compressing the value stream as much as possible is a fundamental lean strategy for eliminating 

waste. 

5. Empower the team. Top-notch execution lies in getting the details right, and no one 

understands the details better than the people who actually do the work. Involving developers in 

the details of technical decisions is fundamental to achieving excellence. The people on the front 

line combine the knowledge of the minute details with the power of many minds. When 

equipped with necessary expertise and guided by a leader, they will make better technical 

decisions and better process decisions than anyone can make for them. Because decisions are 

made late and execution is fast, it is not possible for a central authority to orchestrate activities of 

workers. Thus, lean practices use pull techniques to schedule work and contain local signaling 

mechanisms, so workers can let each other know what needs to be done. In lean software 

development, the pull mechanism is an agreement to deliver increasingly refined versions of 

working software at regular intervals. Local signaling occurs through visible charts, daily 

meetings, frequent integration, and comprehensive testing. 

6. Build integrity in. A system is perceived to have integrity when a user thinks, "Yes! That is 

exactly what I want. Somebody got inside my mind!" Market share is a rough measure of 
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perceived integrity for products, because it measures customer perception over time. Conceptual 

integrity means that the system's central concepts work together as a smooth, cohesive whole, 

and it is a critical factor in creating perceived integrity. Software needs an additional level of 

integrity—it must maintain its usefulness over time. Software is usually expected to evolve 

gracefully as it adapts to the future. Software with integrity has a coherent architecture, scores 

high on usability and fitness for purpose, and is maintainable, adaptable, and extensible. 

Research has shown that integrity comes from wise leadership, relevant expertise, effective 

communication, and healthy discipline; processes, procedures, and measurements are not 

adequate substitutes. 

7. See the whole. Integrity in complex systems requires a deep expertise in many diverse areas. 

One of the most intractable problems with product development is that experts in any area (e.g., 

database) tend to maximize the performance of the part of the product representing their own 

specialty rather than focusing on overall system performance. Quite often, the common good 

suffers if people attend first to their own specialized interests. When individuals or organizations 

are measured on their specialized contribution rather than overall performance, sub optimization 

is likely to result. This problem is even more pronounced when two organizations contract with 

each other, because people will naturally want to maximize the performance of their own 

company. It is challenging to implement practices that avoid sub optimization in a large 

organization, and it is an order of magnitude more difficult when contracts are involved. 

Mainly, Lean Management was derived from the need to increase product flow velocity 

through the elimination of all non-value-added activities. Lean management emphasizes small 

batch sizes and, ultimately, single-piece flow (i.e. transfer batch size ¼ 1). The term pull is used 

to imply that nothing is made until it is needed by the downstream customer, and the application 

of a make-to-order (MTO) approach whenever possible. The lean production goal of eliminating 

waste, so that all activities along the value stream create value, is known as perfection. Efforts 

focused on the reduction of waste are pursued through continuous improvement, as well as 

radical improvement activities (Arnheiter & Maleyeff 2005).  

Another element of lean management is the reduction of variability at every opportunity, 

including demand variability, manufacturing variability, and supplier variability. Lean 

management attempts to reduce task time variation by establishing standardized work 
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procedures. Lean management also applies to indirect and overhead activities. Any policy or 

procedure having a goal of optimizing the performance of a single portion of a company risks 

violating lean management rules (Arnheiter & Maleyeff 2005).  

As shown in the Phoenix Project (Kim et al. 2014), DevOps uses these principles as basis 

to develop its own philosophy. The application of these principles is what Kim and colleagues 

called The Three Ways. 

The Three Ways (Kim et al. 2014) 

 In the Phoenix Project (Kim et al. 2014), the authors describe the underpinning principles 

that all the DevOps patterns can be derived from as “The Three Ways”. These principles are 

intended to describe the values and philosophies that guide DevOps processes and practices. 

The First Way is about the left-to-right flow of work from IT Development to IT 

Operations to the customer. To maximize flow, small batch sizes and short intervals of work are 

needed, never passing defects to down-stream work centers, and to constantly optimize for the 

global goals (as opposed to local goals such as Dev feature completion rates, Test find/fit ratios, 

or Ops availability measures). 

The Second Way is about the constant flow of fast feedback from right-to-left at all stages 

of the value stream, amplifying this flow of feedback to ensure that we can prevent problems 

from happening again or enable faster detection and recovery. By doing this, quality is created at 

the source, creating or embedding knowledge where it is needed. This avoids problematic coding 

or design from being added to the software at the designing phase and only being perceived as 

flawed in later stages of the software development (e.g. such as when the software was already 

deployed) where fixing it will cost way more resources such as time and money (e.g. what Kim 

and colleagues (2014) refers to as Unplanned or recovery work). 

The necessary practices include “stopping the production line” when builds and tests fail 

in the deployment pipeline; constantly elevating the improvement of daily work; creating fast 

automated test suites to ensure that code is always in a potentially deployable state; creating 

shared goals and shared “pain” between IT Development and IT Operations; and creating 

pervasive production telemetry so that everyone can see whether code and environments are 

operating as designed and that customer goals are being met. 
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The Third Way is about creating a culture that fosters two things: continual 

experimentation, which requires taking risks and learning from success and failure and 

understanding that repetition and practice is the prerequisite to mastery. 

Experimentation and risk taking are what enables an organization to relentlessly improve 

the system of work, which often requires things to be done very differently than how they have 

been done before. When things go wrong, constant repetition and daily practice is what allows 

workers to have the skills and the habits that enables the organization to retreat to a place of 

safety and resume normal operations. The necessary practices include creating an environment of 

innovation and risk taking (as opposed to low trust, command-and-control), allocating at least 

twenty percent of IT Development and IT operation cycles towards non-functional requirements 

(e.g. a system may be required to present the user with a display of the number of records in a 

database. This is a functional requirement. How up-to-date this number needs to be, is a non-

functional requirement), and constant reinforcement that improvements are encouraged and 

celebrated. Kim et al. (2014) also propose what they call the four types of IT jobs. Those four 

types are directly related to the three ways in the sense that they transform the higher-level 

approach of the three ways into a day-to-day operational view of the three-way philosophy. 

Mostly, Kim et al. (2014) define the importance of each of these jobs, and how one of the 

objectives of DevOps is to reduce what consumes most of the time in IT departments for most 

companies, which is the unplanned work or recovery work. Unplanned or recovery work is the 

type of job is the one that DevOps seeks to reduce as much as possible. Kim et al. (2014) provide 

a brief explanation of these four types of jobs. 

The four types of Jobs (Kim et al. 2014) 

 Business projects. These are initiatives, of which most Development projects encompass. 

These typically reside in the Project Management Office, which tracks all the official projects in 

an organization. These are the activities that IT does with the intention of achieving an objective 

that pertains to the entire organization. The client in this situation is the organization itself, as 

these are the projects that have the goal of creating new functionalities for the customers. 

Internal IT projects. These include the infrastructure of IT Operations projects that 

business projects may create, as well as internally generated improvement projects (e.g., create 

new environment, automate deployment). Often these are not centrally tracked anywhere, instead 
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residing with the budget owners (e.g., database manager, storage manager, distributed systems 

manager). This creates a problem when IT operations is a bottleneck, because there is no easy 

way to find out how much of capacity is already committed to internal projects. 

Changes. These are often generated from the previous two types of work and are 

typically tracked in a ticketing system (e.g., Remedy for IT Operations, or an Agile Methodology 

planning tool for Development). The fact that two systems exist to track work for two different 

parts of the value stream can create problems, especially when handoffs are required. 

Incidentally, in some dedicated teams that own both the feature of development and service 

delivery responsibilities, all work lives in the same system. This approach has some advantages, 

because operational incidents will show up in the backlog and “in work”, alongside feature 

defects and new feature functionality. 

Unplanned work or recovery work. These include operational incidents and problems, 

often caused by the previous type of work and always come at the expense of other planned work 

commitments. 

Both the three ways and the four types of work, which Kim and colleagues (2014) 

address as vital for the understanding of how DevOps relates to daily operations are inspired in 

concepts brought first by the Lean Management methodology (e.g., the four basic principles as 

described by Arnheiter & Maleyeff 2005). There is a strong correlation between the 4 principles 

of Lean Management listed above and the Three Ways as proposed by Kim and colleagues 

(2014). A company that possesses processes adapted to the Lean Management methodology will 

understand the idea of DevOps better than a company that has never utilized any of the Lean 

concepts. 

Agile Methodology 

As mentioned before in addressing different software development methodologies, Agile 

Methodology has become one of the most important methodologies to be used in companies 

since it’s development. As one of the newer methodologies to be developed, Agile has quickly 

attained the attention of organizations that wish to develop software faster and adapt to a market 

in constant change. The Agile Methodology, created in 2001, is the use of guiding principles 

known as the Agile Manifesto (available at: http://agilemanifesto.org/principles.html) that guide 

software development building upon lean concepts but adding concepts that apply for the IT 
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development context. Agile Methodology claims lower costs, better productivity, better quality 

and better business satisfaction (Mishra and Mishra 2011), and it does so by focusing on 

individuals and interactions instead of processes and tools, by prioritizing working software over 

comprehensive documentation, by emphasizing customer collaboration over contract negotiation, 

and by responding to change instead of following a plan (Beck et al. 2001). 

Jabbari et al. (2016) proposes DevOps as an extension of the Agile Methodology. In 

terms of principles DevOps can provide a pragmatic extension for the current agile activities. For 

example, as DevOps stresses more on the communication and collaboration between developers 

and operators rather than tools and processes, it can achieve agile goals of reducing team 

working latency and it can extend agile principles to entire software delivery pipeline (Jabbari et 

al. 2016). Other authors also discuss this relationship, as Csaszar et al. (2013) say that “Scaling 

DevOps to software-defined carrier networks is like scaling agile development to large projects 

in multi-national software companies”, and Miglierina (2014) states “DevOps eliminate the gap 

between developers and operators, while agile makes an alignment between business 

requirements and development”. 

Kim et al. (2014) argues that “DevOps is absolutely compatible with Agile. In fact, 

DevOps is the logical continuation of the Agile journey, because we now know that the real 

definition of “done” is not when Development is done coding. Instead, code is only “done” when 

it has been fully tested and is operating in production as designed.” While they also mention that 

Agile is not a prerequisite for DevOps to exist, it is important to understand the importance of 

Agile, as the literature indicates that companies already used to developing in Agile will 

transition to DevOps more easily than companies not used to use the Agile methodology. 

The Role of Organizational Culture for DevOps 

Culture is important for any organizational improvement. It is impossible to mention 

changes inside the organization without looking closely at the organization’s culture and how it 

impacts change. To first understand why culture matters in the DevOps context, however, we 

must first discuss the interaction between culture and IT. To do so, I will review previous 

literature in IT Culture, as an underlying theoretical background for the discussion on DevOps 

and cultural change. Since DevOps emphasizes culture as an important factor, culture 
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accordingly has drawn some attention in the DevOps literature, even though most questions of 

DevOps impact on Culture and Culture impact on DevOps remain unanswered. 

A Review of IT Culture 

One of the greatest changes regarding DevOps inside the organization comes in the form 

of cultural changes as the organization embraces DevOps. Several papers on DevOps assert that 

adopting a DevOps culture will have a positive impact on IT outcomes and on performance (Kim 

et al. 2014). Nonetheless, as far as my knowledge goes, no research has provided a valid 

assessment of the interaction between DevOps and culture. Also, whenever discussing DevOps, 

both applied and academic discussions fail to address the transition period into DevOps, mostly 

when related to the conflict generated in the transition period. To include DevOps culture into a 

theoretical context, I first draw on previous research on IT culture and conflict addressed by 

Leidner and Kayworth (2006).  In their paper, they review several different concepts of culture to 

understand how culture conflict can affect IT in the organization. Culture exerts a subtle and yet 

powerful influence on people and organizations and information technologies are often closely 

intertwined with culture, at the subunit and organizational levels (Leidner & Kayworth 2006). It 

is important to point out that while culture is not the only aspect of change brought by DevOps 

into the organization, because technology and management are also involved, culture is 

considered through the literature to be of vital importance (Smeds et al. 2015). 

First, it is fundamental to address the definition of culture to be used in this research, 

because culture is complex and there is a myriad of definitions, conceptualizations, and 

dimensions used to describe culture (Straub et al. 2002). According to Schein (1999), basic 

assumptions are at the core of culture and represent the belief systems that individuals have 

toward human behavior, relationships, reality, and truth. These basic assumptions represent 

cognitive structures or interpretative schemes that people use to perceive situations and to make 

sense of ongoing events, activities, and human relationships, thereby forming the basis for 

collective action (Reichers and Schneider 1990). At the next level after assumptions, values 

represent a manifestation of culture that signify espoused beliefs identifying what is important to 

a cultural group. These values answer the question as to why people behave the way they do 

(Schein 1999). In organizational settings, corporate values form the foundation of corporate 

culture and provide a basis for appropriate behavior (Deal and Kennedy 1982). Schein (1985) 
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argues that values are more easily studied than basic assumptions, which are invisible and 

preconscious and therefore not easily studied.  There is a tight linkage between cultural values 

and the subsequent behaviors and actions of social groups (Posner and Munson 1979). In this 

sense, values can be seen as a set of social interaction through which people act and 

communicate (Delong and Fahey 2000). These social norms have an impact on subsequent 

behaviors of firm members through acting as a means of social control that sets the expectations 

and boundaries of appropriate behaviors for members (O`Reilly and Chatman 1996). Thus, the 

study of organizational values may be particularly useful in explaining certain behaviors with 

respect to how social groups interact with and apply IT in organizational contexts (Leydner and 

Kayworth 2006). 

One of the goals of this research is to contextualize the MIS Culture Theory into the 

DevOps scenario, since the theory provides a new perspective of culture and IT by focusing on 

the potential values that may emerge from DevOps adoption in the context of IT development 

and management (Leidner, Kayworth 2006). Precisely, it is important to understand how the 

changes brought by DevOps to a company’s culture reflect on the company’s IT performance.  

The culture literature described by Leidner and Kayworth (2006) suggests that culture 

goes mostly unnoticed by groups until there is some cultural conflict. In other words, people are 

mostly unaware of their culture until they encounter a counterculture. Conflict is a pervasive 

phenomenon that permeates a multitude of organizational processes and outcomes (Barki and 

Hartwick 2001). Information Systems Development represents a fertile arena where numerous 

symptoms of conflict have been identified including hostility and jealousy (Smith and McKeen 

1992), poor communication (Franz and Robey 1984), a proliferation of technical rules, norms, 

and regulations (Franz and Robey 1984), and frustration and low morale (Glasser 1981). 

According to Smith and McKeen (1992), “conflict is a very real part of Information Systems in 

corporate life and a major obstacle to effective Information Systems. Conflict appears in almost 

all other departments in a wide variety of contexts, business managers apparently feel that 

Information Systems is not responsive to their needs and does not understand business needs.” 

The term conflict has been employed in different ways reflecting the different levels in 

which various conflicts exist (Deutsch 1990, Thomas 1992). According to Thomas (1992), the 

first refers to incompatible response tendencies within an individual, e.g., behavioral conflicts 
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where one must choose between several competing sets of role demands. The second use refers 

to conflicts that occur between different individuals, groups, organizations, or other social units, 

and they can be interpersonal, inter-group, and inter-organizational (Barki and Hartwick 2001). 

In the case of DevOps, the second use is the one to be used in this research, as Smeds et al. 

(2015) points out several issues regarding DevOps adoption that can create conflict in the 

organizational level. 

In a synthesis of the numerous conceptualizations and definitions of conflict, Putnam and 

Poole (1987) and Thomas (1992) identified three general themes or properties; interdependence, 

disagreement, and interference. Interdependence exists when each party’s attainment of their 

goals depends, at least in part, on the actions of the other party. Disagreement exists when parties 

think that a divergence of values, needs, interest, opinions, goals, or objectives exists. As such, 

disagreement represents the key cognitive component of interpersonal conflict. However, 

disagreement is not, by itself, sufficient for conflict to emerge. Interference exists when one or 

more of the parties interferes with or opposes the other party’s attainment of its interest, 

objectives, or goals. Interference thus represents the central behavioral characteristic of any 

conflict (Thomas 1992). Researchers have also shown the importance of incorporating negative 

emotion into conceptualizations of conflict, reflecting such feelings as jealousy, anger, anxiety, 

or frustration (Barki and Hartwick 2001, Thomas 1992). These emotions are thought to emerge 

when there are major disagreements, or when parties interfere with the attainment of each other’s 

important goals. Thus, a fourth property, negative emotion, can also be added. 

In a DevOps context, several authors mention (Roche 2013, Kim et al. 2014, Smeds et al. 

2015) that one of the biggest changes created by DevOps is related to the new method of 

collaboration between the Development and the Operations team. These authors mention, that 

there is a large amount of possible conflicts that can arise when Dev and Ops teams are 

conjoined, because these different areas of the company are used to operating almost 

independently, thus working in processes that are completely different from each other. This 

situation is a fertile ground for the appearance of conflict in information systems development. 

Since DevOps not only brings change to these departments but to the organization, it is 

understood that there are several different types of conflict that can arise from interdepartmental 
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collaboration and communication, especially if the company is used to doing things differently 

than the DevOps approach.  

To understand and to compare the DevOps culture and its values with the organization’s 

current culture, this research will consider how organizations process information based on the 

framework proposed by Westrum (2004). Westrum proposed three different types of 

organizations, based on how they dealt with information. The first type of organization he called 

Pathological, and its main characteristic was being power oriented. These organizations showed 

low levels of cooperation, failure as guilt and employees looking for a scapegoat, and novelty 

was crushed. The second type was called the Bureaucratic organization, and it its rule oriented. 

This organization will show modest levels of cooperation, better dealing of failures and looking 

at novelty and innovation as disruptive and generating of problems. Finally, the third type of 

organization was the Generative, described as Performance oriented, showing values of high 

cooperation, sharing of risks and responsibilities, encouragement of exchange between 

departments and incentive to innovation and change. Table 2 shows Westrum’s (2004) definition 

of organization information processing and the topics discussed. 

Table 2. How organizations process information. Adapted from Westrum (2004) 

  Pathological Bureaucratic Generative   

  Power Oriented Rule Oriented 
Performance 

Oriented 

  Low cooperation Modest cooperation High cooperation   

  Messengers shot 
Messengers 

neglected 
Messengers trained   

  
Responsibilities 

shirked 

Narrow 

responsibilities 
Risks are shared   

  Bridging discouraged Bridging tolerated 
Bridging 

encouraged 
  

  
Failure --> 

scapegoating 
Failure --> justice Failure --> inquiry   

  Novelty crushed Novelty --> problems 
Novelty 

implemented 
  

 

As Westrum (2004) defines the three types of organizations “I would identify three 

typical patterns. The first is a preoccupation with personal power, needs, and glory. The second 

is a preoccupation with rules, positions, and departmental turf. The third is a concentration on the 
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mission itself, as opposed to a concentration on persons or positions. I call these, respectively, 

pathological, bureaucratic, and generative patterns.” Several indicators of how organizations 

process information can indicate in each of these categories an organization most closely fits, 

and the resulting classification in each of these categories would serve as a proxy for what kind 

of culture the organization possesses. 

Westrum’s (2004) scheme concentrates on information flow as a key concept. 

Information flow includes not only how much information flows from point A to point B, but its 

relevance, timeliness, and appropriateness to the recipient. Generative organizations get the 

needed information to the right person in the right form and in the right time frame. This 

behavior is based on the emphasis that the most important goal is to accomplish the mission. So, 

the key that guides communication behavior is ‘‘who needs the information now?’’ Generative 

organizations tend to be proactive in getting the information to the right people by any means 

necessary. By contrast, pathological circles tend to view information as a personal resource, to be 

used in political power struggles. It will be withheld, doled out, or used as a weapon to advance 

particular parties within the organization. Devious use of information is typical of pathological 

organizations.  

Patterns in information handling thus reflect the organizational culture. If leaders 

emphasize that information is to help accomplish the mission, their use for the benefit of the 

organization will predominate. If leaders emphasize that information must advance departmental 

goals, then that behavior will predominate. If leaders show through their behavior that 

information is only important as it advances or impedes their personal interests, then that use will 

predominate. 

When bureaucratic organizations need to get information to the right recipient, they are 

likely to use the standard channels or procedures. These standard channels and procedures are 

often insufficient in a crisis. By contrast, in the same circumstances many generative 

organizations would cross departmental lines or use a back channel to get the information to 

where it was needed.  Again, the culture that provides good information flow is likely to support 

and encourage other kinds of cooperative and mission enhancing behavior, such as problem 

solving, innovation, and inter-departmental bridging. When things go wrong, pathological 

climates encourage finding a scapegoat, bureaucratic organizations seek justice, and the 
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generative organization tries to discover the basic problems with the system. The effects of 

information flow are pervasive (Westrum 2004); they are pervasive because the culture shapes 

three key variables: alignment, awareness, and empowerment. In a generative organization 

alignment takes place through identification with the mission. The individual ‘‘buys into’’ what 

he or she is supposed to do and its effect on the outcome. A sense of ownership is a natural 

consequence of identification with the leaders and the team. Accordingly, this person will try 

harder for and care more about the outcome. 

By contrast, in a bureaucratic organization alignment with the person’s own unit or 

function takes the place of alignment with the mission. The department’s interest will be fought 

for without regard for its effect on the mission. In pathological organizations, alignment is 

typically with a person or a clique, whose interests are advanced in preference to other loyalties.  

Awareness comes when there are conscious efforts to keep team members informed 

about all the variables that affect their efforts. These efforts are most strenuous in generative 

organizations. Instead of working in the dark regarding issues that have a material bearing on 

what they are doing, team members are put in the picture about what is happening and why. 

They have a grasp of the larger situation. This awareness also means they are likely to take more 

factors and more needs of others into account, showing what Roberts and Weick (1993) call 

heedful interaction. By contrast, awareness is necessarily constricted by personal or departmental 

function in bureaucratic organizations.  

In pathological organizations, the implications for power struggles are the focus of 

awareness. Empowerment also shows very different patterns for the three cultures. Generative 

organizations require empowerment for maximum performance. Individuals’ minds are 

harnessed to fulfill the organization’s goals through a culture of conscious inquiry. They are 

encouraged to speak up, think outside the box, and to act as fully conscious participants in a 

great cooperative enterprise. In bureaucratic organizations, however, thinking may stop at the 

department’s boundary because what is beyond it is ‘‘not my concern’’, even though it may be of 

great concern to the objective. The ability to think is often coextensive with the ability to act. 

Although information flow is a shaping influence, this does not always mean that the 

organization with better information flow is always more creative, more harmonious, or safer. 

Information flow helps the organization achieve its goals—whatever they are. Yet on the whole, 
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generative organizations (those with good information flow) are probably more creative and 

more harmonious. The reason is simple: the kind of conditions that create good information flow 

tend to be those that favor cooperation and creativity. On the other side, conditions that interfere 

with information flow also tend to decrease creativity, create conflict, and make the organization 

involved less safe. 

Westrum’s (2004) scheme captures only a portion of organizational culture. There are 

many issues on which the model is silent, such as training, structure, and styles of problem 

solving, to take only a few. Furthermore, the relationship between climate and performance is 

statistical, not deterministic. There are many organizations that are effective but are not 

generative, and whose performance is based on other features, such as a brilliant algorithm or a 

charismatic leader. With these restrictions in mind, it is correct to call this a typology of 

organizational culture (Westrum 2004). 

The Interaction between DevOps and Culture 

As mentioned before in review of the literature on IT culture, organizations that carry a 

generative culture seems to handle information in a more productive way than pathological or 

bureaucratic ones. That affirmation goes together with DevOps authors that proposed that 

DevOps creates a culture of communication and collaboration (Erich et al. 2014) that reinforces 

this type of culture. Puppet Labs (2015) proposed in their white paper DevOps practices that 

would be aligned with Westrum’s (2004) practices of a generative organization. Those are shown 

in table 3. 
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Table 3. DevOps practices and how they relate to a generative culture. Puppet Labs (2015) 

Characteristics of a 

Generative Culture 
DevOps practices 

High Cooperation 

Cross-functional teams. Many organizations create cross-functional teams that include 

representatives from each functional area of the software delivery process (business analysts, 

developers, quality engineers, ops, security, etc.). This allows everyone to share the responsibility 

for building, deploying and maintaining a product. 

Messengers trained 

Blameless postmortems. By removing blame, you remove fear; and by removing fear, you enable 

teams to more effectively surface problems and solve them. Mistakes happen. Holding blameless 

postmortems is a valuable way to learn from mistakes. 

Risks are shared 

Shared responsibilities. Quality, availability, reliability and security are everyone’s job. One way to 

improve the quality of your services is to ensure that devs share responsibility for maintaining their 

code in production. The improvement in collaboration that comes from sharing responsibility 

inherently reduces risk: With more eyes on the software delivery process, it’s a given that some 

errors in process or planning will be avoided. Automation also reduces risk, and with the right tool 

choice, can enable collaboration. 

Bridging 

encouraged 

Breaking down silos. In addition to creating cross-functional teams, techniques for breaking down 

silos can include co-locating ops with the dev team; including ops in planning throughout the 

software delivery lifecycle; and implementing ChatOps.6 

Failure leads to 

inquiry 

Blameless postmortems. Our response to failure shapes the culture of an organization. The more 

you focus on the conditions in which failures happen, as opposed to blaming individuals for failures, 

the closer you’ll get to creating a generative culture. 

Novelty 

Implemented 

Experimentation time. Giving employees freedom to explore new ideas can lead to great outcomes. 

Some companies give engineers time each week for experimentation. Others host internal hack days 

or mini conferences to share ideas and collaborate. This is how many new features and products 

have originated, and it shows how much value employees can generate for an organization when 

they’re released from habitual pathways and repetitive tasks. 

 

Puppet Labs (2015) matches the characteristics of a generalist generative culture from 

Westrum’s (2004) paper with the concepts of a DevOps culture. DevOps authors mostly agree on 

which kind of culture a DevOps company should have (for a literature review on DevOps culture 

of collaboration see Erich et al. 2014). Research on culture and the relationship of IT is not 

something new, and we can look at Leidner & Kayworth’s (2006) discussion of IT-Culture 

Conflict, where they make several propositions based on a literature review of previous IT 

culture papers that contrast the current culture embedded in the organization and the culture 

embedded in the IT innovation to be adopted.  

Leidner & Kayworth (2006) developed a new theory of IT-Culture, in which they drew 

upon papers they reviewed and extrapolated in Bourdieu’s (1979) work on values and 

preferences held by groups. While not all their overarching IT-culture theory is related to 
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DevOps, several of Leidner & Kayworth’s (2006) propositions do fit well with discussions in 

practice of the DevOps cultural clash, and their propositions can adequately explain culture in a 

DevOps context. On their theory, Leidner & Kayworth (2006) made several propositions with 

the goal of addressing most kinds of interactions between Culture and IT. While not all of those 

fit the DevOps situation, below we will discuss the propositions that make sense in a DevOps 

context. 

According to Leidner & Kayworth’s (2006), proposition 1a says: “the greater the cultural 

distance between the group responsible for championing the IT and the group adopting the IT, 

the greater the system conflict experienced by the group adopting the IT.” This proposition 

makes the argument that system conflict occurs when the values held by a user group are 

contradicted by the values assumed in a specific IT. Their review found studies where this kind 

of conflict happens in an organizational level. Studies deal with system developers’ values, as 

opposed to the values of those sponsoring or championing the development of the systems, and 

how these values conflicted with values embedded system development methodologies (Dube 

1998, Dube and Robey 1999). Likewise, Cabrera et al. (2001) found greater implementation 

success when values of organizational subunits fit with those embedded in the system, or when 

the system was modified to fit with the particular subunit values. 

At a practical level, system conflict is likely to arise when an organization implements 

applications from the market without customizing the applications for its user groups. In such 

situations, the non-customized applications are embedded with values of a different group, 

coming from a different organization. It is unlikely that a group’s values will ever be fully 

embedded in a given system, however, the degree of divergence between the user group’s values 

and those values embedded in a system affect the degree of system conflict. System conflict will 

be greatest in situations where the cultural distance between the groups responsible for the 

development of the system and the groups expected to use the system is large. This is 

particularly important in a DevOps context, since DevOps main selling point is integration 

between different areas of IT, yet some groups might feel left out or not as important as they 

used to be when trying to integrate in a DevOps company.Leidner & Kayworth (2006) 

established several propositions that had the objective of providing a basis of discussion on the 

relationship between IT and culture. While not all propositions are adequate to the relationship 
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between DevOps and culture, several of those propositions can be applied in a DevOps context. 

These propositions will be discussed below.  

Leidner & Kayworth’s (2006) Proposition 1b states: “The greater the breadth of IT 

implementation across groups, the greater the system conflict experienced by the organization.” 

Even if it is decided prior to development that an application is intended to be a global 

application, system conflict might emerge because of the sheer constraints involved in 

adequately representing all potential user group values. For example, Lehmann (2004) presents a 

case study of a global agricultural cooperative that attempted to develop a system for use in 

business units around the world. After developing and prototyping the system in North America 

region, the cooperative had difficulty transferring the system to other regions, in part because the 

other regions did not believe that their needs could have been represented accurately in a system 

designed without their input, and yet the IT developers did not consider it feasible to try to 

involve representatives from all other regions. For DevOps, the same conflict can be seen 

happening between different departments, as some groups might perceive the automation tools 

and DevOps software to focus more on the needs of one group instead of others. 

Leidner & Kayworth’s (2006), Proposition 1c says: “The greater the system conflict 

experienced by a group, the less likely the group is to be a forerunner in the adoption of the 

system.” Where user groups have the choice of whether or not adopt a system, one possible 

response to system conflict is that they will choose to not adopt. Research has found that 

organizations are fastest to respond to issues of crises in their environments when the values of 

the organization are aligned with the issue (Bansal 2003). Organizations will respond more 

slowly when there is a difference in values. Leidner & Kayworth (2006) suggest that when a 

specific system is seen to conflict with the values held by members of a group, that the group 

will resist adopting the new system as long as possible. If and when they do adopt the system, 

they will be among the technology laggards. Even though DevOps is considered to be way more 

than just a simple system, this proposition suits the discussion as adopting DevOps requires 

people to understand the values embedded in the DevOps practices, and groups that do not share 

those values will take longer to actually become DevOps. 

Leidner & Kayworth’s (2006), Proposition 5 states: “The emergence and resolution of the 

three types of conflict will, over time, result in cultural changes. There is some evidence that 
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structural contradictions initially encountered between technology and culture lead to emergent 

uses of technology and ultimately to cultural transformation (Madon 1992). Research 

demonstrates that IT has a role to play in facilitating organizational culture change, either 

intentionally or unintentionally (Doherty and Doig 2003, Doherty and Perry 2001, Walton 1989). 

Leidner & Kayworth (2006) suggest that IT changes culture over time as IT-cultural conflicts 

arise and are resolved. They have suggested that the outcomes experienced in using a specific IT 

that initially conflicted with the user group’s IT values will work to reorient IT values. As IT 

values become positive, groups are more likely to accept new IT, thereby reducing system 

conflict. The DevOps literature (see Erich et al. 2016) understand the importance of the cultural 

impact of DevOps changes to the organization and acknowledge that organizations with similar 

values to those embedded in DevOps will experience less conflict adopting DevOps. Also, when 

the organization perceives DevOps as something positive, they will make greater efforts to 

successfully adopt DevOps inside the organization. While Leidner & Kayworth’s (2006) post 

these propositions in relationship to generic IS adoption, and they propose several others, those 

ones seem to reflect more closely the discussion of DevOps adoption in an organizational level.  

The Role of Delivery Approach 

 Although DevOps is this mix of several previous ideas that existed in organizations 

previously, there is a singular approach that DevOps brings to the software delivery process. 

DevOps is a convergent approach of several different preexisting techniques, while also bringing 

two philosophical approach towards how the company actually delivers software, Development 

and Operation synergy and Continuous Delivery. 

Development and Operations 

 Historically, Software Development and IT Operations have been two different separate 

entities inside the IT department. While methodologies like Waterfall base themselves on the 

precise separation of stages on the software development process, and by doing so separating 

different areas in software development accordingly to their separate objectives, DevOps great 

contribution is that they should work together. According to Kim and colleagues (2014), the 

chronic conflict between Development and Operations can be broken: high performers are 

deploying features more quickly, while providing higher levels of reliability, stability, and 

security. In a DevOps world, product owners, Development, Quality Assurance, IT Operations, 
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and Information Security work together relentlessly to help each other and the overall 

organization win (Kim et al. 2014). They are enabling fast flow of planned work into production 

(e.g., performing tens, hundreds, or even thousands of code deploys per day), while preserving 

high level stability, reliability, availability, and security. 

 Instead of the upstream Development groups causing chaos for those in the downstream 

work centers (e.g., QA, IT Operations, and InfoSec), Development is spending twenty percent of 

its time helping ensure that work flows smoothly through the entire value stream, speeding up 

automated tests, improving deployment infrastructure, and ensuring that all applications create 

useful production telemetry (Kim et al. 2014). Kim and colleagues (2014) affirm that this is done 

because everyone needs fast feedback loops to prevent problematic code from going into 

production and to enable code to quickly be deployed into production, so that any production 

problems are quickly detected and corrected. 

 To Kim and colleagues (2014), performing code deployments becomes boring and 

routine (e.g. minimizing deployment pain). Instead of being performed only at night or on the 

weekends, full of stress and chaos, companies should deploy code throughout the business day, 

without most people even noticing. This leads to IT Operations being able to work without a 

bottleneck and focus on improvements instead of recovery work. Code deployment becomes 

routine when developers get constant feedback on their work: when they write code, automated 

unit, acceptance, and integration tests are constantly being run in production like-environments, 

giving the company assurance that the code and environment will operate as designed, and that 

the IT department is always in deployable state. And when code is deployed, production metrics 

demonstrate to everyone that it is working, and value is being added at the end of the cycle (Kim 

et al 2014). By doing the testing and small deployments, that can be easily rolled back in case of 

errors, the company significantly reduces deployment risk. 

 The idea of a Delivery Approach is at the same time the biggest draw of DevOps and the 

its biggest challenge. Delivery Approach is the translation of the previous three factors 

(Technology, Management and Culture) into the results we see coming from the IT department. 

As the other three factors represent the abstract part how the organization works, the Delivery 

Approach focuses on the practical level of acting on these beliefs. As Wynekoop and Russo 

(1995) said, “methodologies are not used”. The Delivery Approach is the DevOps way of 
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showing that enabling factors such as Technology, Management and Culture are not only thought 

out in a strategic level for the company but are actually a part of the operational software 

delivery process of the organization. 

Continuous Delivery 

 In their book the Phoenix Project, Kim et al. (2014) underscores the importance of the 

performance of the entire system, as opposed to the performance of a specific silo of work or 

department – this can be as large as a division (e.g., Development or IT Operations) or as small 

as an individual contributor (e.g., a developer, a system administrator). 

Continuous Delivery is a set of patterns, and practices designed to make deployments—

whether of a large-scale distributed system, a complex production environment, an embedded 

system, or a mobile app—predictable, routine affairs that can be performed on demand at any 

time (Humble 2017). The object of continuous delivery is to be able to get changes of all types—

including new features, configuration changes, bug fixes, and experiments—into production, or 

into the hands of users, safely and quickly in a sustainable way (Kim et al. 2014). 

It is often assumed that deploying software more frequently means accepting lower levels 

of stability and reliability in systems. In fact, peer-reviewed research shows that this is not the 

case; high-performing teams consistently deliver services faster and more reliably than their low-

performing competition (Humble 2017). This is true even in highly regulated domains such as 

financial services and government. This capability provides a competitive advantage for 

organizations that are willing to invest the effort to pursue it. It allows teams to deliver new 

features as they are ready, test working prototypes with real customers, and build and evolve 

more stable, resilient systems. Implementing continuous delivery has also been shown to reduce 

the ongoing costs of evolving products and services, improve their quality, and reduce team 

burnout (Humble 2017). While continuous deployment, the practice of continuously releasing 

every good build of your software, is mainly limited to cloud- or datacenter-hosted services, 

continuous delivery—the set of practices described here that enables continuous deployment—

can be applied in any domain (Humble 2017). 

 In the IT value stream, this is all about the left-to-right flow of work from Development 

into IT Operations. Continuous deployment is the extension of continuous integration, which are 

the Development practices that include continuous builds, continuous testing, daily integration of 
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branches back into trunk, testing in a clone of the production environment, etc. Continuous 

improvement techniques extend these processes all the way into the production environment 

(Kim et al. 2014).  

 Without automated builds, you can’t have automated testing, and without automated 

testing, the company will suffer with painful integration of developer branches, which leads to a 

downward spiral of less frequent and far more painful integrations, which slows down feature 

delivery and reduces software quality. Continuous deployment is the embodiment of the First 

and Second Ways, as it emphasizes small batch sizes (e.g. check into trunk daily), stopping the 

line when problems occurs (e.g. no new work allowed when builds, tests, or deployments fail; 

elevating the integrity of the system of work over the work itself), and the need to continually 

build the validation tests necessary to either prevent failures in production, or, at the very least, 

detect and correct them quickly. Continuous delivery is a prerequisite for the high deploy rates 

characterized by DevOps and is therefore a needed skill set for companies that want to practice 

DevOps (Kim et al. 2014). 

Several authors (Kim et al. 2014, Smeds et al. 2015) mention that in Continuous Delivery 

every change that passes the automated tests is deployed to production automatically. 

Continuous delivery should be the goal of most companies that are not constrained by regulatory 

or other requirements. More than that, Continuous Deployment symbolizes the true contribution 

of DevOps to organizations, where different IT departments such as Development, IT Operations 

and Security work together with the global goal of creating agility and quality in all stages of the 

software development cycle. Although Continuous Deployment is not feasible without the 

Factors previously explained such as Automation, Cloud Computing and a Culture that facilities 

this work behavior, Continuous Deployment focuses on the use of these Factors to create a way 

of doing things that represents the goals of a DevOps organization, by making it possible that a 

company can continuously deploy software and deliver solutions to problems as fast as possible, 

thus Continuous Delivery represents a step above automation, for example. 

The Ideal DevOps and a DevOps Definition 

As some authors give different several different definitions of what DevOps is (table 1), 

getting a firm grasp on DevOps can be challenging. While authors such as Jabbari et al. (2016) 

simply mention DevOps as the combination of Development and IT Operations, others treat 
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DevOps as something far more complex. Most of them still do not define DevOps as an 

organization wide change. To call it simply a methodological approach or a formula of how to 

develop software would be to ignore all the complex iterations necessary for the correct 

development of a productive DevOps organization.  

For this research, the definition of DevOps will be the following: DevOps is the synergy 

in software delivery between state-of-the-art technology, innovative and responsive business and 

IT processes and a generative culture in an organization level that seeks better performance in a 

response to a hyper dynamic market. It is important to address that in practice DevOps will be 

different for every company, as they can achieve “DevOps maturity” using different paths, and 

culture is something that there is no exact formula of how it should be. Nonetheless, as Kim and 

colleagues (2014) mentions, DevOps organizations will show several qualities on their software 

development processes that will indicate some form of DevOps maturity (e.g., the three ways). 

As much as DevOps practice may be different for every company, this research defines DevOps 

in a general manner, as I also seek a general theory that acknowledges what should be the “ideal” 

DevOps Company. 

There is a lot of misunderstanding about definitions of other practices and DevOps. A 

popular misconception is that Agile and DevOps are the same thing. Jabbari et al. (2016) makes 

a distinction between DevOps and Agile Methodology, and compare different propositions from 

several authors, including DevOps as an extension of Agile Methodology, Agile Methodology as 

a factor for DevOps (as the approach used by this research), and even DevOps versus Agile 

Methodology, in cases where DevOps cannot meet all principles proposed in the Agile 

Manifesto. As explained previously in the Agile discussion, it is a methodology that shares 

similar ideals as DevOps. Yet, it is focused on processes and works as a methodology for 

software development. DevOps, on the other hand, entails much more than a methodological 

approach, as adopting DevOps has significant impact in the organization as a whole. This is to 

illustrate the case made by this research, following Kim et al. (2014). Being Agile is not a 

requirement for organizations to be considered DevOps, still, organizations that wish to become 

DevOps and already develop software using an Agile Methodology will make this transition 

more smoothly, also being able to achieve DevOps maturity more easily than organizations that 

have never been introduced to any kind of Agile development techniques. 
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This argument functions for all of DevOps factors, as many authors still disagree on what 

would be considered a requirement for DevOps to exist. Several different companies do DevOps 

in one form or another, and several of the companies that affirm to be DevOps do not have their 

software development process quite exactly like the DevOps literature states. For that reason and 

based on the information gathered in the DevOps literature, I propose what will be called the 

ideal DevOps company. This ideal company would have developed and high functional 

Technological, Management, Culture and Deliver approach factors. This company would be 

highly developed in all these four different factors, and thus be categorized as a mature DevOps 

company. The ideal DevOps company as a construct composed by the four previously mentioned 

factors in which existing companies can align, as authors such as Kim et al. (2014) and 

Ravichandran et al. (2016) firmly defend the relationship between a developed DevOps company 

and IT and firm performance (e.g., ROI). The current research addresses this question with the 

inclusion of the literature on alignment, because previous research has already addressed this 

kind of question with similar concepts, such as IT Strategy (Baker et al. 2011). Baker and 

colleagues (2011) proposed the use of the profile deviation characterization of alignment, where 

an ideal strategy is assumed to exist for a particular type of organization. Adherence to the 

profile results in higher performance; deviations from the profile result in lower performance. 

Adherence to the profile is measured and the degree of alignment is calculated. This alignment 

score can then be compared to the organization’s performance. The same conceptualization is 

applied to this research, adapting it to fit a DevOps where context. Adherence to the DevOps 

profile results in higher IT measurable outcomes performance. Deviations from this profile will 

result in lower performance. 

Alignment with the Ideal DevOps Company 

Alignment is a broad topic, one that has arisen from the idea that organizations should 

strive to “match”, “align” or “fit” their organizational resources to the competitive context in 

which the organization is situated (Andrews 1971, Chandler, 1962, Venkatraman & Camillus 

1984). A general definition of alignment has been offered as “the degree to which the needs, 

demands, goals, objectives and/or structure of one component are consistent with the needs, 

demands, goals, objectives, and/or structure of another component” (Nadler & Tushman 1980). 

Several specific types of alignment have been developed, these various types of alignment 

address not only the organization’s strategy and competitive context, but also the organization’s 
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resources, the IT department’s strategy, and how the IT department’s resources have been 

developed. 

 In his seminal paper, Venkatraman (1989) proposed correspondence between the 

concepts of Fit in strategy research and statistical analysis. This research bases its concept of Fit 

from Venkatraman’s research, towards proposing the use of Alignment (Fit) to describe an 

organization’s level of DevOps adoption (i.e. how much they match the DevOps ideal profile). In 

this section, first I will discuss the different concepts of Fit and how they have been categorized 

so I can reason the choice of concept to be used in this research. 

 Venkatraman (1989) acknowledges three premises for his paper: (a) fit is central to both 

theoretical discussions and empirical research in strategic management; (b) the role of fit in 

strategy research has been severely handicapped by the absence of appropriate links between the 

concept (verbalizing fit-based relationships) and theory testing (statistical testing of such 

relationships); and (c) although the operationalization of fit has been discussed generally, 

Venkatraman’s (1989) research addresses strategy research and its testing issues that are central 

to linking concepts with empirical tests, which was not discussed previously in the literature. 

 According to Venkatraman (1989), when most researchers decide to use a specific 

concept of fit, they are faced with two fundamental decisions. The first is to choose the degree of 

specificity of the theoretical relationship (s), which indicates the level of precision in the 

functional form of fit. In some cases, a precise functional form of the relationship between the 

underlying variables can be specified, but in other cases, certain variables are said to fit together, 

without describing a precise form. The second decision is either to anchor the concept (and tests) 

of fit to a criterion (e.g. effectiveness) or to adopt a criterion-free specification. In some settings, 

researchers specify fit that is intrinsically connected to specific criterion variables, but in other 

setting they adopt a criterion-free specification, which has universal applicability (Venkatraman 

1989). 

 These dimensions of specificity and anchoring are best applied to strategic management 

by employing them to identify six distinct perspectives of fit. They map fit as (a) moderation, (b) 

mediation, (c) matching, (d) gestalts, (e) profile deviation, and (f) covariation. I chose the 

Mediation perspective for this research, which was also used by Wu et al. (2015) in a similar 

situation, while providing the reasoning behind my choice of perspective. 
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By way of preview, the rationale for the conceptual model in terms of alignment is that 

the implementation of the ideal DevOps values can facilitate the alignment between Delivery 

Approach and IT Outcomes. The relationships between these three factors have never been 

discussed in previous studies, which provides a window of opportunity for this research to 

address the impact of DevOps in the organization. This research makes then an approach that is 

based on Wu et al. (2015), in which they study the impact of strategic alignment on the 

relationship between IT Governance and Business Performance. While this research does not 

assume DevOps and Strategic Alignment to be the same construct, there are similarities in their 

representation of values to a company that allows for the same approach to be used. As Strategic 

Alignment, DevOps also impacts organizational behavior at all levels, and it also represents an 

organization-wide approach. As this research follows Wu et al. (2015) adoption of alignment 

(fit), I will use the Mediator approach. First, I will give a brief description of how Venkatraman 

(1989) conceptualizes Fit as Mediation in his research. Second, table 4 will show a brief 

comparison of different uses of fit, followed by the argument on why I chose mediation the 

perspective for this research. 

Fit as Mediation 

 The mediation perspective specifies the existence of a significant intervening mechanism 

(e.g. organizational structure) between an antecedent variable (e.g. strategy) and the consequent 

variable (e.g. performance). Thus, while moderation specifies varying effects of an independent 

variable on a dependent variable as a function of the moderating variable, this perspective 

specifies the existence of intervening (indirect) effects between an antecedent variable and its 

consequent variable (Venkatraman 1989). 

 This perspective is anchored with respect to a criterion variable. However, the functional 

form of fit is, viewed simply as indirect effects, less precise than the moderation perspective 

(strength, form, etc.). Moreover, more than two variables can be incorporated within this 

perspective, thus reducing the level of precision that can be reflected in specifying the functional 

form of fit. The mediator variable accounts for a significant proportion of the relation between 

the predictor and the criterion.  Figure 1 shows a schematic representation of fit as mediation. 
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Figure 1. Fit as mediation (Venkatraman 1989) 

 

 Although no perspective of fit is universally superior, the choice should be predicated by 

theoretical considerations. The mediation perspective decomposes the effects that characteristics 

have on firm performance into direct effects versus indirect effects. In contrast, the moderation 

perspective is useful to evaluate the differences in the relationships between strategy and 

performance across various environments (Venkatraman 1989). Table 4 shows a brief 

comparison on the different kinds of concept of Fit as proposed by Venkatraman (1989). The 

path-analysis analytical scheme for Fit as Mediation is shown in the conceptual model.
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Z (e.g., Context) Y (Performance) 
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Table 4. Comparing perspectives of the concept of Fit in Strategy Research (Venkatraman 1989) 

Perspectives 

Key Characteristics Fit as Moderation Fit as Mediation Fit as Matching Fit as Gestalts Fit as Profile Deviation Fit as Covariation 

       

Underlying conceptualization 

of fit 
Interaction Intervention Matching Internal congruence 

Adherence to a specified 

profile 
Internal consistency 

Verbalization of a strategy 

proposition 

The interactive effects of 

strategy and managerial 
characteristics have 

implications for 

performance 

Market share is a key 

intervening variable 

between strategy and 
performance 

The match between 

strategy and structure 

enhances administrative 
efficiency 

The nature of internal 

congruence among a set of 
strategic variables differs 

across "high" and "low" 

performance businesses 

The degree of adherence to 

a specified profile has 

significant effect on 
performance 

The degree of internal 

consistency in resource 

allocations has significant 
effect on performance 

Number of variables in the 

specification of fit 
Two Two or multiple Two Multiple Multiple Foura to multiple 

Analytical scheme (s) for 

testing fit 

Analysis of variance 

Path-analysis 

ANOVA 

Numerical taxonomical 
methods - cluster analysis, 

factor analysis 

The calculation of a 

deviation as a Euclidian 

distance in a n-dimensional 
space MDS 

Second order factor 

analysis (confirmatory) Moderated regression 

analysis 
Deviation scores 

Subgroup analysis Residual analysis 

Measure of fit Statistical derivation Statistical derivation Interval-level measure Ordinal/interval measure Interval measure Interval measure 

Illustrative references 

  
Chandler (1962) 

  
Chandler (1962) 

Gupta & Govindarajan 

(1984) 

Prescott, Kohli, & 

Venkatraman (1986) 
Bourgeois (1985) Miller and Friesen (1984) 

Van de Ven & Drazin 

(1985) 
Bourgeois (1985) 

Prescott (1986)  Joyce, Slocum, & Von 
Glinow (1982) 

Hambrick (1984) 
Venkatraman & Prescott 

(1985) 
Venkatraman (1986) 

  Dewar & Werbel (1979)   Venkatraman & Walker 

(1989) 

 
a Required for model identification 

purposes. 
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Choice of Fit for DevOps Research: Mediation 

 This research will focus on the mediation perspective on fit, a perspective that makes use 

of variance models to identify the factors that promote (or inhibit) fit. This perspective is 

valuable because it allows researchers to measure alignment at a firm as path analysis towards 

the dependent variable (Venkatraman 1989). Within the mediation perspective on alignment, 

path analysis has been developed to explain how two different factors fit with each other. The 

outcomes can then be observed and quantified (Brown & Magill 1994, Preston & Karahanna 

2009, Reich & Benbasat 2000). Within the end-state perspective, the characterizations of 

alignment as mentioned by Venkatraman (1989): moderation, mediation, matching, gestalts, 

covariation, and profile deviation have been used by different research towards achieving the 

goal of alignment or fit. This research will focus on the characterization of alignment (fit) as a 

mediator between the Delivery Approach and IT Outcomes, a common approach to similar 

issues such as strategic alignment in both IS research (Hirshheim & Sabherwal 2001), and 

management research (Drazin & Van de Ven 1985). 

 The mediation perspective specifies the existence of a significant intervening mechanism 

(e.g. DevOps) between an antecedent variable (e.g. Delivery Approach) and the consequent 

variable (e.g. IT Outcomes). As mentioned previously, this perspective specifies the existence of 

intervening (indirect) effects between an antecedent variable and its consequent variable 

(Venkatraman 1989, Wu et al. 2015). This perspective is anchored with respect to a criterion 

variable. More than two variables can be incorporated within this perspective, thus reducing the 

level of precision that can be reflected in specifying the functional form of fit. The mediator 

variable accounts for a significant proportion of the relation between the predictor and the 

criterion.   

 While there are several different perspectives on fit that could account for the relationship 

between DevOps and IT Outcomes, the choice for mediation is to understand to what degree the 

ideal DevOps values influences that effect. Several other different approaches have been used 

before, as explained in the software development section, and some are still largely used to this 

day, such as Waterfall. While these approaches have their own merits and value to this day, this 

research looks to understand to what degree the relationship between Delivery Approach and IT 

Outcomes is affected if the organization deliberately looks to follow the ideal DevOps values in 
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their organization. This decision follows the guidelines of Wu et al. (2015), in which they take a 

similar approach in their research. 

The Delivery Approach serves as way of doing things that better contribute to the 

realization of tasks, interact with each other to share perspectives, and enable the transfer of 

business knowledge and strategic IS knowledge between Development and Operations. For 

example, Xue et al. (2013) posit that the allocation of decision rights to the IT unit allows IT 

managers to use more of their IT domain knowledge in strategic decision making and help other 

functional managers identify potential risk-mitigating solutions which they may not be able to 

identify themselves. Thus, Delivery Approach mechanisms such as Continuous Delivery and 

Development and Operations synergy bridge IT and business units to promote a shared 

understanding of each other and to enhance the strategic fit between these two units for common 

organizational goals (Karimi et al. 2000).  

Shared understanding of Operations and Development objectives and well communicated 

IT strategies lead to effective IT performance (Bowen et al. 2007). Therefore, the ultimate goal 

of increased IT value can be achieved by setting up a Delivery Approach with well-designed 

implementation of ideal DevOps values. According to Wu et al. (2015), strategic alignment is 

one of the mediating factors considered to be important and necessary conditions in the chain of 

IT value creation. This research argues that the same can be said for the impact of DevOps 

values to the IT organization. It enables companies to maximize IT investments by achieving the 

congruence between Development and Operations, leading to greater profitability. This is 

because ideal DevOps alignment can be viewed as a result from the full integration of the 

Development and Operation strategies. As such, Delivery Approach mechanisms such as 

Development and Operations synergy and Continuous Delivery can facilitate Operations and 

Development professionals’ collaboration on goal-oriented IT decisions, thus bringing about a 

fusion of business and IT thinking, which is, accordingly, a key determinant to IT Outcomes 

(Weill and Ross 2004). Therefore, to achieve superior Delivery Approach, it is necessary to 

evaluate and ensure the quality of the implemented ideal DevOps values. Once the Delivery 

Approach mechanisms have been implemented, IT strategies have to be aligned with the DevOps 

ideals for subsequent improved IT performance. 
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DevOps and the Relationship with IT Outcomes  

Some case studies and industry papers feature a relationship between DevOps and IT 

outcomes. For example, Ravichandran and colleagues (2016) states that high-performing 

DevOps organizations deploy application code 200 times more frequently than organizations that 

have not yet closely embraced DevOps. In addition, the authors mention that high-performing 

organizations are currently achieving 2,555 times faster lead times and spend far less time on so-

called “unplanned or recovery work”, allowing them to spend 50 percent more of their time on 

new work (Ravichandran et al. 2016).  To investigate this relationship between DevOps and the 

IT Outcomes, I draw on the DevOps existing literature of which are the indicators mostly 

observed when measuring DevOps success (Kim et al. 2014, Ravichandran et al. 2016). 

Measuring the impact of a process as far-reaching and transformational as DevOps within 

the context of ROI (i.e., return of investment) may seem impossible to some observers. For 

starters, creating the necessary framework for such metrics requires closer consideration of the 

very reasoning behind DevOps adoption. (Ravichandran et al. 2016). Loosely, this rationale is 

accepted as the need to increase the pace of software development and release, all while 

improving the quality of resulting applications, as discussed before in the software delivery life 

cycle section. Just as importantly, DevOps also brings with it the promise of speeding the rate of 

response to emerging performance issues, all while better addressing changing customer 

expectations (Kim et al. 2014). 

At first glance, this would seem a set of processes and concepts easily tied to 

straightforward notions of measurement, such as the rate of software deployments. The reality is 

that such measurements highlight some of the immediate benefits of DevOps advancement, 

while many other intrinsic results are certainly harder to quantify. The reason being that there are 

too many variables involved in DevOps transformation to make any overarching estimate of 

impact a solely believable value (Ravichandran et al. 2016).  

While the larger import of DevOps may be difficult to define in terms of pure ROI, it is 

possible and practical to measure the success of specific projects—or products developed using 

DevOps processes— to establish some baseline for related assessment. This is where 

calculations such as software deployment rates and mean-time-to-recovery (MTTR) infer some 

guidelines for assessing DevOps returns, if not larger success. Such measurement of impact is 
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most practical within the most basic context of DevOps adoption, namely, saving any amount of 

time previously spent building, deploying, and maintaining applications (Kim et al. 2014). One 

of the biggest benefits, if not the biggest benefit, of DevOps is the promise of speed; DevOps 

enables more and faster code deployments, which means a decreased time to market and more 

opportunities to capture revenue from customers (Ravichandran et al. 2016).  

Using such a framework, one can also begin to tie delivery of mission-critical, or even 

revenue-impacting functionality to applications lifecycle improvements garnered via DevOps 

processes. For these reasons, the most practical forms of DevOps ROI measurement available 

today do in fact revolve around factors such as software release cycles, MTTR, and applications 

code change impact of the overall movement, but that can infer some notion of ongoing 

improvement (Ravichandran et al. 2016). The most accurate metrics are those largely focused on 

applications lifecycle excellence and these figures do provide a compelling case for DevOps 

adoption and advancement (Ravichandran et al. 2016). Regarding examination of overriding 

DevOps value: “We should be thinking about [ROI] in terms of … accelerated benefits 

realization and shortening that [cycle]. It's really not the ROI of DevOps, it's really more that the 

ROI of your original project can be realized sooner.” (Ravichandran et al. 2016). This is largely 

related to the fact that technology has been largely perceived as a cost-center versus a driver of 

profits, making it difficult to convince management to increase investment with the specific goal 

of improving the bottom line (Brynjolfsson and Hitt 2003). Making a believable ROI case 

around DevOps, a process that, like many other movements, promises to completely redefine the 

way organizations create and monetize their value is not an easy task. 

According to Puppet Labs (2015) “high-performing organizations,” those already deeply 

engaged in the use and maturation of DevOps practices, are “decisively outperforming their 

lower-performing peers in terms of throughput”. Puppet Labs (2015) contends that such high 

performers deploy applications code 200 times more frequently than organizations that have not 

yet closely embraced DevOps. Such organizations have seemingly become far more capable of 

engaging the benefits of increasing their agility; namely, responding adeptly to changing 

customer demands (Ravichandran et al. 2016).  In addition, Puppet Labs (2015) also find that 

high-performing organizations are currently achieving 2,555 times faster lead times, serving as 

even greater proof of their abilities to remove obstacles to software innovation and improvement. 
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It also relates to the matter of agility and the ability to cater to evolving performance conditions, 

Puppet Labs (2015) report estimates that leading DevOps practitioners lay claim to 24 times 

faster recovery times and three times lower change failure rates. These figures formulate a highly 

compelling narrative when it’s recognized that reduction of MTTR represents one of the most 

critical differentiators in today’s applications economy.  

The State of DevOps Survey (Puppet Labs 2015), completed by roughly 4,600 

technology practitioners, also found that high-performing teams spend far less time on 

“unplanned work and rework”—most often required to respond to emerging issues related to 

existing applications code. This allowed them to spend nearly 50 percent more of their time on 

new work. The latter brand of effort is typically aimed at adding or improving feature 

functionality in the name of increasing business opportunities. Lastly, in terms of pure 

applications delivery ROI metrics, the State of DevOps Report (Puppet Labs 2015) suggests that 

leading practitioners are suffering far fewer applications and services outages—those timeframes 

when systems are offline and truly prevent the flow of end user traffic and business. Based on a 

framework established by research analysts at IDC, which concludes that hourly application 

downtime costs can range from $1.25 to $2.5 billion for a Fortune 1000 firm, and that the 

average cost of a critical application failure is $500,000 to $1 million per hour, 8 the State of 

DevOps Report allows for the conclusion that high-performing organizations, compared even to 

those with some level of DevOps adoption, save an average of over $91 million per year (Puppet 

Labs 2015). Much of this advantage is found, the researchers note, in the form of lower 

applications change failure rates, or those updates to software code that result in subsequent 

performance issues or outages. While high-performing DevOps practitioners experience an 

average change failure rate of 7.5 percent, medium performance organizations see that figure rise 

dramatically, to a whopping 38 percent (Puppet Labs 2015).  

In today’s applications economy as much, if not more than ever, these ROI calculations 

carry substantial meaning (Ravichandran et al. 2016). Beyond such metrics aimed at 

measurement of improvement appreciated across the applications lifecycle, the State of DevOps 

Report (Puppet Labs 2015) also sheds light on another area of the movement’s impact that would 

appear to transcend immediate calculation, but which can certainly be quantified in general 

terms. Organizations deeply engaged in DevOps transformation tend to have happier, more 
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dedicated employees. Given the wide recognition that it is far more expensive to hire and train 

new employees than retain existing staff, and that highly skilled IT workers are difficult to find 

and hold on to, this less hands-on ROI benefit of DevOps may prove as even more critical 

support for adoption than some of the proceeding metrics. Puppet Labs (2015) found that 

employees of high-performing, DevOps-centric organizations are 2.2 times more likely to 

recommend their organization as a great place to work, and 1.8 times more likely to recommend 

their team as a great working environment. Ravichandran and colleagues (2016) acknowledge 

that companies with highly engaged workers typically produce revenues 2.5 times greater than 

those with low engagement levels. These conclusions, both process-specific and more general in 

nature, highlight the specific effect that DevOps is having in terms of creating the most critical 

form of ROI measurement—the ability to innovate faster, build organizational momentum, 

reduce costs, and attempt to differentiate offerings within the competitive environment. It only 

follows naturally that organizations spending more of their time creating new value by 

translating ideas into product offerings are likely outperforming those struggling to play catch-up 

by addressing existing shortcomings. 

Both academic and practice literatures still are not conclusive about which are the most 

impactful indicators of DevOps. Nonetheless, several authors such as Puppet Labs (2015), Erich 

et al. (2014), and Ravichandran et al. (2016) agree that some already stablished IS metrics are 

more than adequate to prove the impact of DevOps on the organization. The most discussed ones 

are, Rate of Deployment and Lead Time, Mean-time-to-Recovery (MTTR), Change Success 

Rate, Availability and Performance (Response Time). While there are several others that could 

be used, these are the ones authors such as Ravichandran et al. (2016) argue are the most 

important to identifying DevOps real world return of investment (ROI). There is no definition on 

any literature to can be considered “a DevOps threshold”, as companies performing in such 

levels are DevOps, however, several cases of continuous evolution indicate levels of what can be 

considered a high performing DevOps organization. 

According to Kim et al. (2014), DevOps companies were outperforming other non-high 

performing peers in agility metrics such as 30x more frequent code deployments and 8,000x 

faster code deployment lead time, and in reliability metrics they were showing 2x the change 

success rate and 12x faster the MTTR (Mean Time to Repair). According to them, those 
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organizations were more agile than their counterparts. Table 5 (Kim et al. 2014) shows the rate 

of deployment from some companies that use DevOps in comparison to the “typical” IT 

organization. 

Table 5. DevOps companies compared to the typical enterprise. Adapted from Kim et al. (2014) 

Company 
 Deploy 

Frequency 

 Deploy Lead 

Time 
 Reliability 

 Customer 

Responsiveness 

 Amazon  23,000 / day  minutes  high  high 

 Google  5,500 / day  minutes  high  high 

 Netflix  500 / day  minutes  high  high 

 Facebook  1 / day  hours  high  high 

 Twitter  3 / week  hours  high  high 

 Typical 

Enterprise 

 once every 9 

months 

 months or 

quarters 

 low / 

medium  low / medium 

 

DevOps indicators are the visible outcomes of a successful DevOps adoption. All these 

indicators were a part of IT success measures previously, however, in the DevOps context, these 

indicators show values that were not previously seen in any kind of technology organization. 

These indicators are the most reliable way of showing a successful DevOps implementation in a 

company. 

Deployment Frequency 

Deployment encompasses all the processes involved in getting new software or hardware 

up and running properly in its environment, including installation, configuration, running, 

testing, and making necessary changes. The word implementation is sometimes used to mean the 

same thing. 

DevOps practices make frequent or continuous deployment possible; large, high-traffic 

web sites and cloud-based services make it a necessity. With fast feedback and small-batch 

development, updated software can be deployed every few days, or even several times per day.  

In a DevOps environment, deployment frequency can be a direct or indirect measure of response 

time, team cohesiveness, developer capabilities, development tool effectiveness, and overall 

DevOps team efficiency (Riley 2015). 
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Deployment Lead Time 

Lead Time (from development to deployment) – This is the cycle time from when new 

code starts development to when it successfully gets deployed into production. Cycle time is an 

important indicator of efficiency in the process – when tracked using value stream mapping, it 

can help the team to visualize areas in the process which need improvement, such as handoff 

times between work centers. “Lead time should reduce as the team gets a better hold of the 

lifecycle.” 

It’s a measure of the efficiency of the development process, of the complexity of the code 

and the development systems, and also (like deployment frequency) of team and developer 

capabilities.  If the change lead time is too long, it may be an indication that the 

development/deployment process is inefficient in certain stages, or that it includes performance 

bottlenecks. 

Mean Time to Recovery (MTTR) 

Mean-time-to-Recovery (MTTR) - In a most basic sense, MTTR is the average time that 

a device will take to recover from any failure. Examples of such devices range from self-

resetting fuses (where the MTTR would be very short, probably seconds), up to whole systems 

which must be repaired or replaced. It is particularly important for IS, since as discussed before, 

any information system being down can cost companies hundreds of millions of dollars. Just 

imagine the loss Amazon would have if their website was down for a day and did not sell any 

products.  

It’s generally a good measure of team capabilities, and like the failure rate, it should 

show an overall decrease over time (allowing for occasional longer recovery times when the 

team encounters a technically unfamiliar problem). MTTR can also be affected by such things as 

code (or platform) complexity, the number of new features being implemented, and changes in 

the operating environment (such as migration to a new cloud server). 

Based on these metrics, the ideal DevOps team would produce frequent, rapid 

deployments with a low (and declining) failure rate and a short (and shrinking) recovery time. In 

practice, of course, there may be factors which run counter to these trends — less need or 

opportunity for frequent deployments, for example, or frequent changes in operating conditions 
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or requirements.  In general, however, these metrics do cover some of the most important 

performance issues in DevOps (Riley 2015). 

Percentage of Failed Deployments 

What is the percentage of deployments which have caused an outage or negative user 

reaction? DevOps’ emphasis on building quality in from the beginning should reduce this metric 

over time. Kim et al. (2014) suggests that this metric should be reviewed together with change 

volume. “If the change volume is low or remained the same but the percent of failed 

deployments increased, then there may be a dysfunction somewhere”. Failed deployments are 

any kind of deployment that have been perceived as a failure by key stakeholders, might it be 

due to errors that made the deployment full of bugs or a software that is not used by the users for 

any reason. 

One of the main goals of DevOps is to turn rapid, frequent deployments into an everyday 

affair.  For such deployments to have value, the failure rate must be low. It should, in fact, 

decrease over time, as the experience and capabilities of the DevOps teams increase. An 

increasing failure rate, or one that is high and does not go down over time, is a good indication of 

problems in the overall process (Riley 2015). 

Reliability 

Reliability is an attribute of any computer-related component (software, or hardware, or a 

network, for example) that consistently performs according to its specifications. It is an 

important aspect to design into any system. In theory, a reliable product is totally free of 

technical errors; in practice, however, vendors frequently express a product's reliability quotient 

as a percentage. Evolutionary products (those that have evolved through numerous versions over 

a significant period) are usually considered to become increasingly reliable, since it is assumed 

that bugs have been eliminated in earlier releases.  

Customer Responsiveness 

Customer responsiveness is the ability of a business to recognize and respond to changing 

customer needs. According to Kim et al. (2014), knowledge of and engagement with customers 

are the only sustainable competitive advantage a business can have. In a DevOps context, the 

cooperation and communication with customers should also be increased, leading to rapid and 

efficient responses to customer needs, leading to better relationships with the customers.  
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Job Satisfaction 

While Job satisfaction can become complex to define, in this research I will use the basic 

interpretation as used by the DevOps literature. Job satisfaction will be simply defined as how 

content the employee is with their current job or situation. Because DevOps will create a better 

environment for work and improve the value of the organization and individuals, DevOps 

adoption increases overall job satisfaction (Kim et al. 2014). Simply by performing better in this 

competitive industry, and by allowing empowerment to employees that can grow, innovate, and 

produce without the same level of stress as before, DevOps allows employees to focus on the 

development of new ideas and the growth of their careers, instead of focusing in putting out fires 

and barely managing to keep their jobs. Also, by allowing IT professionals to expand their 

current skillsets by making it possible for them to learn other parts of the process and exchange 

knowledge with professionals from different background, DevOps employees are also more 

valued by the market (Kim et al. 2014). By knowing they are valued both inside and outside the 

organization helps to create an environment of trust and results, thus DevOps increases job 

satisfaction. Table 6 shows the summary of all the constructs and their definitions. 
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Table 6. Summary of Constructs, Factors and their Definitions. 

Factors Definition Reference Model Factors Reference Definition 

Technological 
Enablers 

Refers to the composition of IT assets (e.g. software, 
hardware, and data). It enables IT staff to develop, diffuse, 
and support various system components quickly, to react 
to changing business conditions and corporate strategies.  
A firm can, therefore, use these technologies take better 
advantage of existing IT resources to exercise business 

strategies and support necessary structural changes. Such 
It capability becomes an asset for an organization in 

sustaining competitive advantages in the marketplace. 

Bharadwaj 
2000, Kim et 

al. 2011 

Automation 
Erich et al. 

2014; Kim et 
al. 2014 

IT automation is responsible for the linking of disparate systems and 
software in such a way that they become self-acting or self-regulating. 

Cloud 
Computing 

Jabbari et al. 
2016 

The practice of using a network of remote servers hosted on the Internet 
to store, manage, and process data, rather than a local server or a 
personal computer. 

Managerial 
Methodologies 

The collection of IT processes in areas of planning, 
decision-making, coordination, and control. The 

management factor is the IT staff’s ability to manage 
resources to transform them into business value at an 

organization. 

Kim et al. 
2011, 

Melville et al. 
2004, 

Peppard 
2007, 

Rockart et al. 
1996 

Lean 
Management 

Arnheiter and 
Maleyeff 2005 

Lean management is an approach to running an organization that 
supports the concept of continuous improvement, a long-term approach 
to work that systematically seeks to achieve small, incremental changes 
in processes in order to improve efficiency and quality. 

Agile 
Methodology 

Agile 
Manifesto 

2001 

The Agile Method is a particular approach to project management that is 
utilized in software development. This method assists teams in 
responding to the unpredictability of constructing software. It uses 
incremental, iterative work sequences that are commonly known as 
sprints. 

Organizational 
Culture 

In organizational settings, corporate values form the 
foundation of corporate culture and provide a basis for 
appropriate behavior. There is a tight linkage between 

cultural values and the subsequent behaviors and actions 
of social groups. In this sense, values can be seen as a set 

of social interaction through which people act and 
communicate.  The study of organizational values may be 

particularly useful in explaining certain behaviors with 
respect to how social groups interact with and apply IT in 

organizational contexts. 

Westrum 
2004, 

Leidner & 
Kayworth 

2006, Schein 
1999 

Cooperation Westrum 2004 

The degree of cooperation that exists within the organization. Many 
organizations create cross-functional teams that include representatives 
from each functional area of the software delivery process (business 
analysts, developers, quality engineers, ops, security, etc.). This allows 
everyone to share the responsibility for building, deploying and 
maintaining a product. 

Failure leads to 
inquiry 

Westrum 2004 

The way the organization deals with failure. By removing blame, you 
remove fear; and by removing fear, you enable teams to more effectively 
surface problems and solve them. Mistakes happen. When failure leads 
to questions and critical analysis, a valuable opportunity to learn from 
past mistakes arises. 

Bridging Westrum 2004 

Bridging refers to the efforts made by the organization to break down 
silos and enable employees to work together. Techniques for breaking 
down silos can include co-locating ops with the dev team; including ops 
in planning throughout the software delivery lifecycle. 

Novelty 
encouraged 

Westrum 2004 

Novelty encouraged refers to the ability the organization has to empower 
employees and allow them to innovate inside the organization. Giving 
employees freedom to explore new ideas can lead to great outcomes. 
Employees can generate value for an organization when they’re released 
from habitual pathways and repetitive tasks. 

Delivery 
Approach 

It is the translation of the previous three factors 
(Technology, Management and Culture) into the results we 

see coming from the IT department. As the other three 

Kim et al. 
2014, 

Wynekoop 

Development 
and Operations 

Kim et al. 2014 
The degree to which the Development and Operations department in the 
organization are in sinergy and enabled to perform together to achieve 
better results. 
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factors represent the abstract part how the organization 
works, the Delivery Approach focuses on the practical level 

of acting on these beliefs. The Delivery Approach is the 
way of showing that enabling factors such as Technology, 

Management and Culture are not only thought out in a 
strategic level for the company but are actually a part of 

the operational software delivery process of the 
organization. 

and Russo 
1995, this 
research. 

Continuous 
Delivery 

Kim et al. 2014 

Continuous Delivery is a set of patterns, and practices designed to make 
deployments—whether of a large-scale distributed system, a complex 
production environment, an embedded system, or a mobile app—
predictable, routine affairs that can be performed on demand at any 
time. The object of continuous delivery is to be able to get changes of all 
types—including new features, configuration changes, bug fixes, and 
experiments—into production, or into the hands of users, safely and 
quickly in a sustainable way. 

DevOps 
Alignment 

DevOps Alignment refers to the degree to which the 
organization is aligned with DevOps as proposed by Kim et 
al. 2014 and the overall values of DevOps as shared in the 

community. 

Venkatraman 
1989 

      

IT Outcomes 

IT Oucomes refers to the usual outcomes measured by IT 
organizations to assess the level of productivity, such as 

Deployment, Mean-time-to-Recovery (MTTR) and 
customer responsiveness. 

Kim et al. 
2014 

Deployment 
Frequency 

Kim et al. 2014 

It is the indicator that measures how often there is code deployed into 
production. 

Deployment 
Lead Time 

The time it takes for a bug fix, new feature or any other change to go 
from idea to deployment to production. The metric itself speaks of how 
efficient your development process is. 

Mean-Time-to-
Recovery 
(MTTR) 

Is the average time that a device will take to recover from any failure. 
Examples of such devices range from self-resetting fuses (where the 
MTTR would be very short, probably seconds), up to whole systems 
which have to be repaired or replaced. 

% of Failed 
Deployment 

Is the number of deployments considered to have failed by key 
stakeholders, may it be due to any errors or bugs, or software that is 
functional but not used by the users. 

Reliability 

Reliability is an attribute of any computer-related component (software, 
or hardware, or a network, for example) that consistently performs 
according to its specifications. In practice, vendors frequently express a 
product's reliability quotient as a percentage. Products are usually 
considered to become increasingly reliable, since it is assumed that bugs 
have been eliminated in earlier releases.  

Customer 
Responsiveness 

Customer responsiveness is the ability of a business to recognize and 
respond to changing customer needs. This indicator reflects how well 
users respond to the product itself. 

Job Satisfaction 
This indicator reflects how content the employee is with their current job 
or situation.  

 

 

Table 6, Continued 
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Conceptual Model 

This section will present the research model to be used, as well as the proposed 

hypotheses and their justification. The model incorporates the previous discussion in the IT 

Capabilities for the Technology Enablers and Managerial Methodologies, IT Culture Theory for 

the Organizational Culture Factor, and Alignment/Fit Theory to present a research model with 

the goal of better explaining the interaction between DevOps adoption by the company and 

performance. Figure 5 shows the model used in this research, which focus on the relationships 

between the factors and the ideal DevOps firm, and the impact that DevOps has on IT outcomes. 

DevOps, as many other innovative IS technologies or processes, comes from the natural 

evolution of previously established concepts. As most of the concepts behind DevOps are 

completely new, the novelty involved comes from the unique combination of different 

methodologies and processes to form a new and improved way of developing software inside the 

company. As the previous literature has noticed (Smeds et al. 2015), there are some important 

concepts to address when trying to fully understand what DevOps is. It might turn out that not all 

are required for DevOps successful adoption, yet I believe it will be difficult to encounter a 

highly performing DevOps company that shows none of the factors described in the previous 

sections. The research hypotheses will be validated individually by each factor and the respective 

impact on IT Outcomes, followed by the hypothesis on the synergy of all these factors and its 

impact on IT Outcomes (e.g. Alignment with DevOps). 

It should also be addressed how this conceptual model on DevOps reflects the idea of the 

Software Factory and the Software Delivery Life Cycle. The rise of the Software Factory in the 

1980’s and the dissemination of Software Delivery Methodologies, there was an increased need 

for the mapping of all the steps necessary for Software Delivery, or as it was called at the time, 

Software Development, to exist. From that moment on, there was a need for very specific 

separation of departments and tasks, in which each department would be responsible for some 

tasks, and only those tasks (i.e. a specific department for software security). While that has been 

the case for most of the late 20th century and the beginning of the 21st century, DevOps has 

fundamentally changed how that division of tasks and departments occurs inside the company. In 

a DevOps context, Technological Enablers, Management Methodologies and Organizational 

Culture are all a vital part of tasks such as planning and developing software, but they are all also 
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important for other tasks such as quality control and security. The model aims to show DevOps 

in the Software Delivery Life Cycle not as a separation between departments, but to show the 

Software Delivery Life Cycle as the driving force for DevOps to exist. The causal relationship 

between the factors in the model follows this reasoning, as the enabling factors Technological 

Enablers, Management Methodologies and Organizational Culture represent the initial stages of 

the Software Life Cycle, such as planning. However, these factors also represent other stages of 

the Life Cycle, such as development and operations, representing the DevOps ideal of merging 

these different stages of software production into a more fluid flow of action. In turn, this flow is 

represented by the Delivery Approach, where these enablers affect Software Delivery not 

through the fixed and prespecified use of Software Development methodologies but adapted into 

a Delivery Approach that represents both Development and Operations as two sides of the 

process, in which being handled together generates more positive results than if they were 

considered separate stages of the Software Delivery Life Cycle. 

DevOps encompasses so many different aspects of an IT organization that it is subjected 

to the existence of several different confounding variables, either inside the existing factors or 

different factors that do not exist in this research. The existing literature in DevOps, as limited as 

it is because of its recency, still focused a lot of its efforts in providing the initial necessary 

requirements for the adoption of DevOps. Looking at DevOps from an organization standpoint, 

most authors of the DevOps literature such as Erich et al. (2014), Kim et al. (2014) and Smeds et 

al. (2015) report the factors used in this model as the main characteristics of a DevOps company. 

The literature does not provide any significant arguments for the inclusion of other factors, as it 

is most likely that they would not add a significant explanatory value to the model, while 

considerably increase the complexity of the model. As Kim et al. (2014) explains in the Phoenix 

Project, DevOps uses the “Three Ways” as underpinning principles that all DevOps patterns can 

be derived from. The Three Ways are intended to best describe the values  and philosophies that 

guide DevOps processes and practices. The First Way is represented by the left-to-right flow of 

work from Development to IT Operations to the customer, as represented by the Conceptual 

Model. The necessary practices include Continuous Delivery, as represented in the Delivery 

Approach factor. The Second Way is about the constant flow of feedback from right-to-left at all 

stages of the value stream. 
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“The necessary practices include “stopping the production line” when our builds and 

tests fail in the deployment pipeline; constantly elevating the improvement of daily work over 

daily work; creating fast automated test suites to ensure that code is always in a potentially 

deployable state; creating shared goals and shared pain between Development and IT 

Operations; and creating pervasive production telemetry so that everyone can see whether code 

and environments are operating as designed and that customer goals are being met (Kim et al. 

2014).” 

As discussed by Kim et al. (2014),  for the Second Way to work, it is necessary for the 

Management Methodologies to allow  “stopping the production line” and constantly elevating 

the improvement of daily work over daily work, and the necessary technology enablers for 

creating fast automated test suites to ensure code is always deployable, and finally it requires 

quick communication and feedback loops only possible in a company with a certain kind of 

organization culture, as discussed in the Organizational Culture factor. Finally, the Third Way is 

directly related to creating a culture that, as previously discussed, is closely related to the 

Generative Culture proposed by Westrum (2004). Thus, this research makes the argument that 

the factors shown in the model represent as closely as possible what DevOps is in its current 

state of existence. While there are valid arguments for the inclusion of other factors that 

represent DevOps, these factors are more than adequate to capture the meaning of DevOps for 

the IT organization. Figure 2 shows the Conceptual Model and related Hypotheses.
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Figure 2. Model and Hypotheses 
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Technological Enablers Impact on the Delivery Approach 

In the literature review section, it was argued that having a flexible IT infrastructure is 

crucial for a company to adapt to rapid market changes in the current business environment 

(Rockart et al. 1996). IT flexibility has even been argued to be a source of strategic ability for a 

firm (Weill et al. 2002). Flexible IT infrastructure empowers a firm to innovate its own business 

processes continuously and faster than the competition, this capacity enhances the firm’s ability 

to react quickly to challenges arising from competition and uncertainties (Weill et al. 2002). Kim 

and colleagues (2011) findings also support that IT infrastructure flexibility can provide rich soil 

in which to grow sustainable competitive advantage. 

When discussing technologies responsible for the IT infrastructure flexibility in today’s 

IT market, and especially when discussing DevOps, nowhere is this more visible than with Cloud 

Computing and Automation (Smeds et al. 2015). Cloud Computing is the state-of-the-art when it 

comes to shareable, flexible and scalable IT infrastructure, and thus synergizes easily with the 

ideals proposed by the adoption of DevOps (Jabbari et al. 2016), and Automation is the most 

important technical aspect of DevOps implementation (Kim et al. 2014). 

Cloud computing impacts the Delivery Approach by allowing the software to correspond 

to the agility necessary to performs tasks the way DevOps intended. Cloud computing allows 

sharing of code and resources in real time between different departments, that now can keep 

control of the state of any software and act upon it. This allows organizations to prepare for 

deployments, as deal with smaller deployments without having to worry about as much about 

rollbacks, because they can be reverted with cloud technology through the internet. This allows 

the company to deploy faster and more efficiently, therefore increasing the rate of deployments. 

Also, by enabling faster communication and sharing of information between different 

departments, Cloud Computing shortens the distance between different stages of the software 

development cycle, thus allowing for smaller deployment lead time, which is vital for the idea of 

Continuous Delivery to exist (Kim et al. 2014). Cloud computing also allows employees to roll 

out deployments in small batches that can be readily tested and rolled back to previous states 

before any major damages are done. This, in turn, creates more reliable deployments as the 

company is trained for situations that are easily reversible and allows them to experiment more 

without being worried of possible downtimes or system crashes. Finally, Cloud Computing’s 
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technology allows users to test beta (e.g., unofficial released products) versions of any changes 

and give feedback to the company, getting positive feedback and changing the software 

accordingly. This facilitation of previously dauting tasks also increases the IT staff confidence in 

performing their jobs and allows the IT staff to operate with the synergy required between 

Development and Operations to function together. 

It can be argued that companies investing in automation for their Development and 

specially Operations departments will go through a smoother transition than companies that have 

not invested in automation (Kim et al. 2014). This is mostly because the processes inside the 

company will already resemble those as described by the DevOps Company, in such making IT 

professionals more comprehensive of the necessary transition of processes to the DevOps way of 

doing things. Automation plays a major role in the adaptation to the DevOps ideal, and that is 

due to how automation impacts the software development process. As Kim and colleagues 

(2014) put: “In order to support fast lead times and enable developer productivity, DevOps does 

require many IT Operations tasks to become self-service”. The authors continue:  

“In other words, instead of Development opening up a work ticket and waiting for IT 

Operations to complete the work, many of these activities will be automated so that developers 

can do it themselves (e.g., get a production-like Dev environment, add a feature metric for 

production telemetry”. 

 One of the main points in Kim and colleagues’ (2014) Third Way of DevOps is that 

developers have the chance to allocate twenty percent of Development and IT Operation cycles 

towards non-functional requirements, and that is only made possible due to automation of 

simpler tasks, such as testing. Thus, it can be argued that Automation contributes not only to the 

agility of the process cycle by speeding up all repetitive tasks of the IT department, it also frees 

up time for IT professionals to develop better solutions instead of focusing only on existing 

problems. By understanding the contribution of Technological Enablers to a better Delivery 

Approach, the following hypothesis is proposed: 

Hypothesis 1a: There is a positive relationship between Technological Enablers and 

Delivery Approach. 
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Managerial Methodologies Impact on the Delivery Approach 

As much as technology, IT management has an important role as a factor of DevOps 

towards building a successful Delivery Approach. IT Managerial Methodologies is the IT staff’s 

ability to manage resources in order to transform them into business value at an organization 

(Kim et al. 2011). It is generally reflected by the level at which such processes are structured in 

formal and methodological practices. While Kim and colleagues (2011) propose a generic 

approach towards the relationship between IT Managerial Methodologies and the approach 

towards delivering software, this research focuses on two Managerial Methodologies that are 

particularly important in the development of DevOps as a philosophy. DevOps has benefitted 

tremendously from the work of the Agile Community. They have shown that small teams 

operating with high trust combined with small batch sizes and smaller, more frequent software 

release can dramatically increase productivity of Development Organizations (Kim et al. 2014). 

DevOps has also extended upon practices of “infrastructure as a code” as continuous integration 

and continuous deployment, which are prerequisites to achieving fast deployment flow. Together 

with the philosophical management movement Lean Management, a coalition of both these 

Management methodologies is what contributed heavily for DevOps to exist.  

Understanding that DevOps is not something new that came out of nowhere is important 

for grasping the meaning of DevOps. While DevOps is definitely not the same as Lean 

Management or Agile Methodology; it is by evolving and borrowing from previous 

breakthroughs from those methodologies and processes that DevOps truly reaches its potential. 

Hutten (2015) states the importance of Agile to more dynamic communication between IT 

professionals and the contribution it has to productivity. Agile, by allowing smaller teams to 

work quicker in jobs and become more adaptative to create solutions to the company (Agile 

Manifesto 2001), contributes to faster deployments and faster deployment lead time. Also, 

according to the CIO Magazine (Florentine 2017) “A full 71 percent of organizations report 

using agile approaches for their projects lead to successful implementations, a lot more than the 

45% by other organizations”. By allowing these smaller projects to have better outcomes, Agile 

contributes to the synergy of Development and Operations, and allows for the enabling of 

Continuous Delivery. This, in turn, leads to better indicators of IT performance such as software 

reliability and customer responsiveness. Employees in Agile organizations tend to spend less 
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time in failed projects and have more time and capabilities to adapt to changes (Agile Manifesto 

2001).  

Kim and colleagues (2014) argue that several principles behind DevOps work are the 

same principles that transformed manufacturing. Instead of optimizing how raw materials are 

transformed into finished goods in a manufacturing plant, DevOps shows how the IT value 

stream can be optimized, converting business needs into capabilities and services that provide 

value to the customers. In order to protect commitments, the product sales force wanted lots of 

inventory on hand, so that customers could always get products when they wanted it. However, 

in order to reduce costs, plant managers wanted to reduce inventory levels and work in process 

(Kim et al. 2014). Because one can’t simultaneously increase and decrease the inventory levels at 

the plant, sales managers and plant managers were locked in a chronic conflict. They were able 

to break the conflict by adopting Lean principles, such as reducing batch sizes, reducing work in 

process, and shortening and simplifying feedback loops. This resulted in dramatic increases in 

plant productivity, product quality, and customer satisfaction. Organizations that were not able to 

replicate these performance breakthroughs lost market share, if not went out of business entirely 

(Kim et al. 2014). It is a reasonable argument then, that DevOps applies similar concepts into 

what Kim and colleagues (2014) called the three ways, as reducing batch sizes and work in 

process can also be applied to software development and simplifying the cycle between 

Development and IT Operations can lead to faster delivery. This is because deployments are 

done several times a day with smaller impact to the system, and are followed by quicker 

feedback, which in turn lowers the number of projects in standby. The increase in deployments is 

also followed by a lower deployment lead time, because the distance between development and 

deployment is shortened. The increase in the quality of the deployments also leads to a lower 

percentage of failed deployments and increased reliability.  

A company that is used to apply this Lean Methodology can see the same results when 

applying DevOps to the IT value stream. As Kim et al. (2014) notices, “performing code 

deployments becomes boring and routine. Instead of being performed only at nights or on the 

weekends, full of stress and chaos, code is deployed throughout the business day”, which helps 

reduces stress and increase job satisfaction. Finally, adopting these Lean Principles can lead to 
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faster interaction between the company and clients, and increase the chances of successful code 

deployments that will receive quick and positive responses from clients (Kim et al. 2014). 

With these available tools as presented by the literature, the following proposition is 

made: 

Hypothesis 1b: There is a positive relationship between Managerial Methodologies and 

Delivery Approach. 

Organizational Culture Impact on the Delivery Approach 

As previously discussed, Culture Theory is an important dimension of IS research, and it 

is also understudied (Leidner & Kayworth 2006). Culture is not only important to IS studies, as it 

is to understanding organizations as a whole. Westrum’s (2004) research, which is the base for 

Theory on culture to be applied in this research, originally focused on hospitals, and several 

other researches on culture has focused in all different types of organizations (Barney 1986). 

Culture, moreover, plays a vital part in the discussion of DevOps adoption, as almost no research 

on DevOps has failed to mention culture as an important part of what DevOps is. As culture 

cannot be ignored as an important factor of DevOps, researchers such as Jabbari et al. (2016) 

mention the role of Culture in DevOps successful implementations. It is almost impossible to 

find any kind of research both academic as from industry that does not point a communicative 

and collaborative culture as playing a role in DevOps adoption (Kim et al. 2014, Smeds et al. 

2015).  

There are not enough studies reported in the literature on DevOps that tests the impact of 

culture on the Delivery Approach, even though the approach is fundamentally based on the 

previous existing organizational culture. There are no studies that investigate the relationship 

between Organizational Culture and the Delivery Approach inside a DevOps context (Smeds et 

al. 2015). Riungu-Kalliosaari et al. (2016) is one of the few articles to point out possible 

adoption challenges and problems that rise during processes, and one of their main arguments is 

“Profound changes to the cultural mindset are required and the deep-seated company culture can 

be a challenge”. As culture is considered a factor of DevOps, the literature fails to discuss the 

role of Organizational Culture of the organization and how DevOps can be impacted by it. Any 

major shifts in an organization can lead to problems, and DevOps is a major shift for most 

organizations. A culture that does not reflect the ideals proposed by DevOps can inevitably lead 
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to conflict, which in turn will be detrimental to a fast-paced approach to Delivery required for 

DevOps to work. 

There are several characteristics of culture shown in the literature as important for 

DevOps adoption (Smeds et al. 2015), such as shared goals, definitions of success, incentives; 

shared ways of working, responsibility, collective ownership; shared values, respect and trust; 

constant effortless communication; and continuous experimentation and learning. Westrum 

(2004) proposes what he calls a Generative Culture, in which the company shows the following 

characteristics in its culture: performance oriented; high cooperation; sharing of risks; bridging 

supported; novelty encouraged. The definition of a DevOps culture resembles greatly what 

Westrum (2004) called a Generative Culture (as opposed to a Pathological or Bureaucratic 

culture). 

As discussed in the theoretical section, organizations that possess traces of Pathologic or 

Bureaucratic will probably take longer or have a lot more resistance towards adopting DevOps 

on the organization, as conflict will rise more often and deeper, thus impact negatively on the 

professionals’ ability to deliver quickly and with quality. Kim et al. (2014), on the other hand, 

defends that DevOps organizations are not required to be organizations that were previously 

working with a generative culture. Instead, the authors defend that any organization can 

transform into a DevOps organization. This research makes the argument that while different 

organizations with different cultures can be aligned with the DevOps ideal organization, those 

organizations that resemble what I call an organization with a generative culture will be closer to 

the DevOps ideal organization than those that possess Pathological or Bureaucratic cultures, and 

by doing so will be able to achieve a high-level Delivery Approach without the same amount of 

conflict. 

According to Kim and colleagues (2014), “Everyone in the value stream shares a culture 

that not only values each other’s time and contributions but also relentlessly injects pressure into 

the system of work to enable organizational learning and improvement”. Again, according to 

Kim and colleagues (2014), “the third way of DevOps is about creating a culture that fosters 

experimentation, which requires taking risks and learning from success and failure and 

understanding that repetition and practice is the prerequisite to mastery”. The necessary practices 

for DevOps include creating a culture of innovation and risk taking (as opposed to fear or 
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mindless order taking) and high trust (as opposed to low trust, command-and-control), and 

constant reinforcement that improvements are encouraged and celebrated. Kim and colleagues 

(2014) also affirm that: 

“high-trust collaborative culture, where everyone is responsible for the quality of their 

work, instead of approval and compliance processes, the hallmark of a low-trust, command-and-

control management culture, the company relies on peer review to ensure that everyone has 

confidence in the quality of their code. Furthermore, there is a hypothesis-driven culture, 

requiring everyone to be a scientist, taking no assumptions for granted and doing nothing 

without measuring. The company does not spend years building features that customers don’t 

want, deploying code that doesn’t work, or fixing something that isn’t actually the problem. All 

these factors contribute the company’s ability to release exciting features to the marketplace that 

delight customers and help the organization win”. 

Following the authors’ guidelines from the Phoenix Project (Kim et al. 2014), the 

argument can be made that while Technological Enablers and Managerial Methodologies are 

important to the high increase in productivity made possible by DevOps, it requires a culture 

focused in communication and trust to allow this increased productivity to be achieved. A 

generative culture impacts positively in deployment frequency by the fact that a high number of 

deployments cannot be achieved if there is no communication between different departments, if 

failed deployments are not fixed the correct way, if bad code flows from development to 

production. Bureaucratic organizations focus on finding the responsible for errors and are usually 

not agile in fixing issues. The relationship between Development and Operations will be 

impacted by a culture that focus on working together to fix issues instead of blaming. The culture 

of experimentation and innovation is also vital for the company to achieve better processes and 

faster delivery. Based on these arguments, this research makes the proposition that organizations 

that possess traces of a generative culture will face a transition into DevOps in a smooth manner, 

since the culture already is aligned with some of DevOps core values. Companies that seem to be 

linked to pathological or bureaucratic values might experience greater conflict in creating a ideal 

DevOps Delivery Approach, as a synthesis of Leidner & Kayworth’s (2006) propositions on the 

conflict between the preexisting culture and the values embedded in an IS, in this case DevOps. 

Thus, the following hypothesis is made: 



                                                                                     Texas Tech University, Gabriel Cogo, August 2019 
 

82 
 

Hypothesis 1c: There is a positive relationship between organizations associated with 

Generative Culture values and Delivery Approach. 

Delivery Approach Impact on IT Outcomes 

According to Kim et al. (2014), the competitive advantage that DevOps creates is 

enormous, enabling faster feature time to market, increased customer satisfaction and rates of 

deployment. Nonetheless, it is not clear if and how DevOps can lead to all those benefits. One of 

the goals of this research is determine if DevOps leads to increased performance in IT Outcomes. 

To do so, it is important to identify which are these specific factors from DevOps that can lead to 

increased company performance.  

 Because DevOps focus on the relationship between Development and IT operations, and 

continuous deployment, indicators like these will show how much the company resembles the 

ideal DevOps profile, as their time to respond to any kind of problem and fixing it will become 

shorter (Riungu-Kalliosaari 2016). As it was shown in the literature review section of this 

research, DevOps is based in years of maturing of the technology available for companies, 

evolution of management methodologies applied in different types of organizations, and the rise 

of different organizational cultures more adapted to the needs of the 21st century markets. While 

all of these factors contribute to what DevOps is and how it came to be, there are two specific 

characteristics of DevOps that make it different from other philosophies of software 

development. The collaborative efforts of Development and IT Operations are vital for a 

company to be considered DevOps yet having both these departments working synergistically is 

a dauting task for most companies. As Kim and colleagues (2014) put,  

“Imagine living in a DevOps world, where product owners, Development, Quality 

Assurance, IT Operations, and InfoSec work together relentlessly to help each other and the 

overall organization win. They are enabling fast flow of planned work into production (e.g., 

performing tens, hundreds, or even thousands of code deploys per day), while preserving world-

class stability, reliability, availability, and security”. 

Not only when they deploy changes and code, they are more likely to be completed 

successfully (i.e., without causing a production outage or service impairment), but when the 

change failed and resulted in an incident, the time required to resolve the incident was faster 
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(Kim et al. 2014). This means that the collaborative efforts of Development and IT Operations 

are closely linked to DevOps organizations that are high-performers. 

The same argument can be made for Continuous Deployment. According to Kim and 

colleagues (2014),  

“Continuous Deployment is the perfect embodiment of the First, Second, and Third 

Ways, as it emphasizes small batch sizes, stopping the line when problems occur (e.g., no new 

work allowed when builds, tests, or deployments fail; elevating the integrity of the system of 

work over the work itself), and the need to continually build the validation tests necessary to 

either prevent failures in production, or, at the very least, detect them and correct them quickly. 

Continuous deployment is a prerequisite for the high deploy rates characterized by DevOps and 

is therefore a needed skill set for the modern DevOps practitioner”. 

 Both Development and Operations synergy and Continuous Delivery are characteristics 

intrinsically related to DevOps, meaning that they are particularly important for a high-

performing DevOps organization, and thus are going to be closely related to the impact of 

DevOps in the measurable IT outcomes. Knowing this, the following hypothesis is made: 

Hypothesis 2: There is a positive relationship between Delivery Approach and favorable 

measurable IT Outcomes. 

DevOps Alignment on IT Outcomes 

Not so many years ago influence of IT on performance was subject of a lot of debate 

(Bharadwaj 2000), as investments on information technology were not linked to actual 

organizational performance results. In the more recent years this discussion was put to rest with 

research showing that several different types of IT investments were showing consistent 

influence over organizational performance (Kleis et al. 2011, Melville et al. 2004, Santhanam et 

al. 2003, Tambe and Hitt 2014). According to Melville et al. (2004), IT is only responsible for 

generating actual performance increase when it is used in a context-contingent set of synergistic 

combinations of IT infrastructure, human and intangible resources with other organizational 

resources. While is not a goal of this research to again show the relationship between IT and 

organizational performance, I expect to show the relevance of DevOps to the organization by 

showing the relationship between DevOps and the previous logical step in performance, which 
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are the measurable IT Outcomes (e.g., rate of deployment, deployment lead time, mean-time-to-

recovery, % of failed deployments, reliability, customer responsiveness, job satisfaction), as 

there is a reasonable argument on the literature regarding the relationship between these 

indicators of IT performance and organizational performance as a whole. 

DevOps mainly emphasizes the need for extensive collaboration, a supportive working 

environment, a climate for learning, and awareness of the common goals among the whole 

organization (Smeds et al. 2015). Accordingly, employees should work as a team of teams on the 

different work items while sharing responsibilities, communicating effortlessly, and being aware 

of both the entire software development system and the common goal of the organization (Kim 

et al. 2014). Innovation becomes part of the equation by allowing individuals and teams to 

experiment and learn from their successes and accept failures as a learning experience (Kim et al. 

2014). When a DevOps culture is successfully implemented in the organization, DevOps 

researchers (Kim et al. 2014, McCarthy et al. 2015, Waller et al. 2015) as much as applied 

consultants (Gartner 2015, Puppet Labs 2015) argue that the organization’s performance can be 

drastically increased.  

Each individual factor previously discussed has potential impact on IT Outcomes through 

their adoption in a DevOps context. However, the main argument of this research is that the 

DevOps company with higher performance will be able to exceed in all these factors when 

compared to its peers. The ideal DevOps organization (e.g., the organization that is more closely 

aligned with the goals of a DevOps organization as presented by Kim et al. 2014) will have a 

greater impact on IT outcomes than the Delivery Approach itself would, as the organization, by 

aligning with the DevOps ideals, sends a message to the professionals that it is willing to adapt in 

order to improve efficiency. Many organizations in IT already share some of the values that are 

embedded in DevOps but use other names and definitions. Several organizations also choose to 

follow only the values that are easier to implement and more in accord with their current vision 

of Software Delivery processes. As mentioned before, organizations can use methods such as 

Agile and consider themselves doing some level of DevOps. Kim et al. (2014) proposes that the 

synergy of all these factors (e. g. Technology, Management, Culture and Delivery) together 

using the ideals proposed by them will lead to better results than adopting some specific values 

that easily fit into their organizations and call themselves DevOps. 
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Ravichandran et al. (2016) note that DevOps contributes a great deal to IT process 

indicators such as Deployment Rate, MTTR, Change Success Rate and create a better cultural 

environment for the organization, impacting positively factor such as stress and job satisfaction. 

Just the downtime costs for a big company on average can reach to US$1 million per hour, 

meaning that just by reducing these downtimes alone would already justify any investment. I 

then propose that there is a mediating effect between the organization’s Delivery Approach and 

IT Outcomes that is the Alignment of the organization with the current perceived ideal of a 

DevOps state-of-the-art approach. Thus, the following proposition is made: 

Hypothesis 3: Alignment with the Ideal DevOps organization mediates the positive impact 

of Delivery Approach on IT Outcomes. 
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        CHAPTER 3 

METHODOLOGY 

To empirically validate the research model, a survey approach will be used. The survey 

method provides a basis for establishing to the population, facilitates the replication of results, 

and exhibits statistical power (Neuman 2005). For data collection, a research instrument 

(questionnaire) was created and pilot tested before the formal data collection (MacKenzie et al. 

2011). The survey questions were created specifically for this research, based on the previous 

literature, because there is no previous validated scale for most of the constructs on this research. 

Already validated preexisting questions could not be used for the most part, however they were 

used whenever possible. Past literature was reviewed to specify a set of items that ensured 

content validity and to achieve minimal overlap between constructs (Kerlinger 1986, Straub, 

Boudreau, and Gefen 2004). Items associated with these constructs were assessed using a seven-

point Bipolar Likert type scale. For purposes of content validity, semi-structured interviews with 

DevOps consultants and DevOps focused IT professionals will be conducted to evaluate the 

appropriateness of language and content of the measurement items for DevOps. The content will 

then be modified accordingly. I included several control variables to rule out alternative 

explanations, i.e., firm characteristics (age, size) and industry type. 

Population and Sample 

 This research is observing organizational variables, such as managerial factors and 

culture. Different IS research has already used individuals as proxies for organizational inquiries 

(Wu et al. 2015), because these individuals possess relevant information regarding the 

organization in which they belong. I am measuring DevOps in an organizational context, and as 

such, DevOps is a companywide phenomenon that will be better comprehended by top level IT 

professionals. These professionals, in managerial level or above, will be able to provide the 

relevant information for this research. Also, this research focus on organizations that already 

have some form of DevOps knowledge, the population will consist of IT managers in those 

organizations. The research survey will use these individuals as proxies for the organizational 

information necessary for the hypotheses testing. The sample will consist, as described below in 

the next section, of these professionals from companies that can be reached through e-mail 

contact using snowball sampling. 
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Sampling Method 

This research will partly be based in the use the snowball sampling survey method. In 

statistics research, snowball sampling is a nonprobability sampling technique where existing 

study subjects recruit future subjects from among their acquaintances. Thus, the sample group is 

said to grow like a rolling snowball. As the sample builds up, enough data are gathered to be 

useful for research. This sampling technique is often used in hidden populations, which are 

difficult for researchers to access. This is mostly due to access of consulting DevOps firms 

willing to approach their clients and introduce them with the survey. My objective is to contact 

IT consulting firms, that have been working continuously with different organizations, from 

different sizes and in different stages on their software delivery processes, and after this initial 

contact ask respondents to forward the questionnaire to other possible respondents. 

Survey Development 

 The development process follows Hinkin (1998), in which he proposed 6 steps for the 

survey development. These are: 

Step 1- Item Generation: the first stage is the creation of items to assess the construct under 

examination. The key to successful item generation is the development of a well-articulated 

theoretical foundation that would indicate the content domain for the new measure. At this point, 

the goal of the researcher is to develop items that will result in measures that sample the 

theoretical domain of interest to demonstrate content validity. Domain sampling theory states 

that it is not possible to measure the complete domain of interest, but that it is important that the 

sample items drawn from potential items adequately represents the construct under examination 

(Hinkin 1998). 

Step 2- Questionnaire Administration: In this state of scale development, the researcher will use 

the items that have survived the content validity assessment used to measure the construct under 

examination. The items should now be presented to a sample representative of the actual 

population of interest, such as managers or employees, with the objective of examining how well 

those items confirmed expectations regarding the psychometric properties of the new measure. 

The new items should be administered along with other established measures and the newly 

developed scales. If possible, it would be advantageous to collect information from sources other 
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than the respondent to ameliorate the common source/common method concerns raised when 

collecting data from a single source (Hinkin 1998). 

Step 3- Initial Item Reduction: This step involves the Exploratory Factor Analysis (EFA). Once 

the data have been collected, it is recommended that factor analysis is used to further refine the 

new scales. Factor analysis allows the reduction of a set of observed variables to a smaller set of 

variables. This creates a more parsimonious representation of the original set of observations 

providing evidence of construct validity. Because the principal-components method of analysis 

mixes common, specific, and random error variances, a common factoring method is 

recommended. Prior to conducting the factor analysis, the researcher may find it useful to 

examine correlations of the variables, and any variable that correlates at less than .4 with all 

other variables may be deleted from the analysis. A key assumption in the domain sampling 

model is that all items belonging to a common domain should have similar average 

intercorrelations. Low correlations indicate items that are not drawn from the appropriate domain 

and that are producing error and unreliability (Hinkin 1998).  

Step 4- Confirmatory Factor Analysis (CFA): If step 3 is carefully followed, it is highly likely 

that the new scales will be internally consistent and possess content validity. One of the 

weaknesses of typical factor analytical techniques is their inability to quantify the goodness of fit 

of the resulting factor structure. Items that load clearly in an exploratory factor analysis may 

demonstrate a lack of fit in a multiple-indicator measurement model due to lack of external 

consistency. The CFA provides a technique allowing the researcher to assess the quality of the 

factor structure by statistically testing the significance of the overall model and of item loading 

on factors. This affords a stricter interpretation of unidimensionality than does EFA. In scale 

development, confirmatory factor analysis should be just that – a confirmation that prior analyses 

have been conducted thoroughly and appropriately (Hinkin 1998). 

Step 5- Convergent/ Discriminant Validity: Up to this point, the researcher can be relatively 

assured that the new scales possess content validity and internal consistency reliability. Although 

the prescribed scale development process will build a certain degree of construct validity, 

gathering further evidence of construct validity can be accomplished by examining the extent to 

which the scales correlate with other measures designed to assess similar constructs (convergent 

validity) and to which they do not correlate with dissimilar measures (discriminant validity). It 
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would also be useful to examine relationships with other variables with which the measures 

would be expected to correlate (criterion-related validity). The data collected from the samples 

used in the previous analyses would now be put to use (Hinkin 1998). 

Step 6- Replication: It may be argued that, due to potential difficulties caused by common 

source/ common method variance, it is inappropriate to use the same sample both for scale 

development and for assessing the psychometric properties of the new measure (e.g. Campbell 

1976). The factor analytical techniques that were used to develop the measures may result in 

factors that are sample specific and inclined toward high reliability. The use of an independent 

sample will enhance the generalizability of the new measures. It is also recommended that when 

items are added or deleted from a measure, the new scale should then be administered to another 

independent sample. The replication should include confirmatory factor analysis, assessment of 

internal consistency reliability, and convergent, discriminant, and criterion-related validity 

assessment. These analyses should provide the researcher with the confidence that the finalized 

measures possess reliability and validity and would be suitable for use in future research. 

Factors 

 The factors measured in the questionnaire were taken from the DevOps literature, as 

shown in chapter two. Although there is already a literature on DevOps to help in that process, 

the same cannot be said about the use of survey instruments inside the DevOps context. As a 

literature in its infancy, as far as my knowledge goes, this is one of the first academic 

investigations to address this subject. By doing so, most items used in the survey were created 

using previous literature as inspiration for their creation. Also, it is important to note that each 

construct is composed by more than one variable (e.g. Technological Enablers has the 

Automation and Cloud Computing variables), and each of these variables is composed of several 

items. Following Wu and colleagues’ (2015) approach on construct development, I will treat 

each construct as the aggregate of these variables (see Wu et al. 2015, page 510 figure 2 for 

clarification).  

Technological Enablers 

 Items for measuring Technological Enablers focus on the degree to which an organization 

adopts certain technologies that are hypothesized to be helpful in the adoption of DevOps. These 

items are based on the Smeds et al. (2015) research, as they were cited in the DevOps literature 
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as a fundamental factor of a successful DevOps company. Separate items were made for each of 

the variables that compose the factor: Automation and Cloud computing. 

 Automation Items: Automation items for the questionnaire were taken from sentences 

from the Smeds et al. (2015) paper, mostly section 3.1: DevOps Capabilities and Enablers, as 

table 2 (p. 171) acknowledges different automation tools used for enabling DevOps. The five 

questions on this variable were then adapted from that context into survey questions for this 

research. Table 7 shows the items used for the Automation variable. 

Table 7. Items for the Technological Enablers, Automation variable 

TEC.AT01 Automation tools are implemented in the company. 

TEC.AT02 The IT department uses automated testing tools in the software development 

process. 

TEC.AT03 Automating processes is encouraged inside the company. 

TEC.AT04 Automation tools are used in different stages of software development, such as 

Build, Test, Deployment, Monitoring, Recovery and Infrastructure Automation. 

TEC.AT05 Most of the operational tasks in the IT Operations department are highly 

automated. 

Basis: Smeds et al. (2015) 

Cloud Computing: As far as the Technological Enablers construct goes, Cloud Computing could 

be considered the more straightforward variable. As Jabbari et al. (2016) mentions, “cloud 

computing can be considered a factor into the adoption of DevOps” (p. 5), they also provide 

other inside into the creation of the items for this variable. Table 8 shows the items for the Cloud 

Computing variable. 

Table 8. Items for the Technological Enablers, Cloud Computing variable 

TEC.CC01 Cloud computing supports the organization's operations. 

TEC.CC02 The software development process uses Cloud Computing to achieve better 

results. 

TEC.CC03 The company uses cloud computing tools, both in development and in 

operations. 

TEC.CC04 Cloud computing is an important technology for the software development 

process. 

TEC.CC05 Cloud Computing technologies are fundamental to the way the IT department 

develops software. 

Basis: Jabbari et al. (2016) 
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Managerial Methodologies 

Items for measuring Managerial Methodologies focus on the degree to which an 

organization adopts certain managerial methodologies and processes that are hypothesized to be 

helpful in the adoption of DevOps. These items are based on the Phoenix Project (Kim et al. 

2014), as they were cited in the DevOps literature as a fundamental factor of a successful 

DevOps company. Separate items were made for each of the variables that compose the factor: 

Lean Management and Agile Methodology. 

Lean Management: Lean management items were created based on the Phoenix Project’s 

(Kim et al 2014) descriptions of the relationship between DevOps and Lean Management. Table 

9 shows the items created for the Lean Management variable. 

Table 9. Items for the Management Factor, Lean Management variable 

MAN.LM01 Our company identifies each step in a business process and eliminates those 

steps that do not create value. 

MAN.LM02 Our company is always seeking to create more value using fewer resources. 

MAN.LM03 Our company focuses on a long-term approach to work that systematically 

seeks to achieve small, incremental changes in processes to increase efficiency 

and quality. 

MAN.LM04 There are Lean Management characteristics in the software development 

process inside the company. 

MAN.LM05 The IT department uses Lean Management principles to support management. 

Basis: Kim et al. (2014) 

 Agile Methodology: As the variable Lean Management, Agile Methodology also used the 

Phoenix Project as basis for the development of questions, since section Where DevOps came 

From and Top DevOps Myths focus, amongst other things, in the enabling relationship between 

Agile Methodology and DevOps. As the authors mention, “DevOps is the logical continuation of 

the Agile journey” (Kim et al. 2014, p. 358), reinforcing the enabling relationship between Agile 

and DevOps. Questions for this item were then developed following these guidelines, as the 

Agile Manifesto (Beck et al. 2001). Table 10 shows the items for the Agile variable. 
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Table 10. Items for the Management Factor, Agile variable 

MAN.AG01 Sustainable development, where sponsors, developers, and users should be able 

to maintain a constant pace indefinitely, is important to the software delivery 

process in the company. 

MAN.AG02 The company is willing to deviate from a plan in order to respond to change. 

MAN.AG03  Self-organizing teams and open communication are part of the software 

development process in the company. 

MAN.AG04 Agile practices are encouraged in the company. 

MAN.AG05 Our company uses the Agile Methodological approach towards software 

development. 

Basis: Agile Manifesto (2001), Kim et al. (2014) 

Organizational Culture  

There is a wide range and contradictory scholarly opinion about which values, norms, 

and beliefs should be measured to represent the concept of “culture” (Straub et al. 2002). Straub 

et al. (2002) also recognizes that an individual is influenced by plethora of cultures and sub-

cultures – some ethnic, some national, and some organizational. Again, the authors argue that 

most IS research nearly always assumes that an individual living in a place and time belongs to a 

single “culture” (Straub et al. 2002). It is also important to recognize that these different layers of 

culture can intertwine in complex ways. Therefore, a behavior may be more influenced by a 

given layer of culture than others, implying that the layers do not have a fixed sequential position 

(Evaristo et al. 2000). While this research recognizes the importance of different kinds of culture 

to the understanding of DevOps, it aims to explain DevOps inside an organizational culture 

approach, thus ethnical and national cultures, although recognizably important to the holistic 

comprehension of culture, are not main points of discussion when comparing to DevOps values 

(since DevOps makes no assumptions on those levels). This research will then only assume the 

organization’s current organizational culture as a fundamental factor regarding DevOps 

adoption. 

As for the level of analysis, Straub et al. (2002) proposed a discussion about the 

theoretical conceptualization of culture, and subsequently, the way it is investigated. Mostly, 

they argue if culture is a structural phenomenon with properties irreducible to individuals, or is 

culture the sum of properties of individuals that constitute the cultural group. They discussed that 

it is possible to follow a line of thinking along the lines of an individual conceptualization of 

culture (in contrast to a universal one), and even though it is not to be considered the definite 
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solution, it is considered valid for the context of this research. Thus, it validates this research 

intention of collecting data in the individual level to make assumptions about culture in the 

organizational level. 

As reasoned above, since I am looking at how individuals perceive culture, there are 

several ways to do so. Leidner and Kayworth (2006) and Avison and Myers (1995) have 

advocated that studying culture in IS can use several different tools, such as: Lab Experiments, 

Surveys, Case Study, Interpretative Case Study, Longitudinal Case Study, Multi-Method, 

Ethnographic, Grounded Theory, Archival Data Analysis, Structurational Analysis, Action 

Research, Conceptual Study and others. I do acknowledge that taking a qualitative approach into 

observing culture such as cases studies can provide deeper understanding of a phenomenon, 

however since this research’s idea is to observe individual values from IT professionals that 

reflect their culture and how the organizational culture is contrasted with the DevOps values, 

making the survey method a valid option to observe the culture variables.  

The itemization of this construct for the survey bases on Westrum’s (2004) typology of 

organizational cultures, and the subsequent connection made by Puppet Labs (2015) of 

Westrum’s (2004) typology and DevOps arguments. As mentioned in chapter 2, Westrum’s 

research was made way before DevOps was even created, however, his typology of pathological, 

bureaucratic and generative cultures resonates with the discussion of cultural factor for the 

DevOps organization. As so, I base the questionnaire items on Westrum’s table 1 (p. 23) and 

subsequent paragraphs on Westrum’s definition of the variables. This process follows a similar 

pattern to what have been done by Puppet Labs (2015), in which they created an industry report 

by inspired by Westrum’s (2004) definitions. By doing so, the variables Cooperation, Failure 

Leads to Inquiry, Risks, Bridging and Novelty Encouraged are all inspired by Westrum’s (2004) 

and Puppet Labs (2015, p. 21) previous works. Table 11 shows the items for the Cooperation 

variable. 
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Table 11. Items for the Cultural Factor, Cooperation variable 

CUL.CO01 There is a lot of cooperation between different IT departments, such as 

Development, Operations and Quality Assurance. 

CUL.CO02 There is shared responsibility for building, deploying and maintaining a 

software. 

CUL.CO03 The creation of cross-functional teams is something that happens often and has 

the support of the company. 

CUL.CO04 Quality, availability, reliability and security are considered everyone's job. 

CUL.CO05 Business analysts, developers, quality engineers, ops, security and other units 

cooperate on all stages of the software development process. 

Basis: Westrum (2004), Puppet Labs (2015) 

Failure leads to inquiry: 

 This variable is based on Puppet Lab’s (2015, p. 22) affirmation that “Response to failure 

shapes the culture of an organization. These questions try to understand how each organization 

deals with failure. Table 12 shows the items for the Failure Leads to Inquiry variable. 

Table 12. Items for the Cultural Factor, Failure Leads to Inquiry variable 

CUL.FA01 When a mistake happens, responsibility is shared between the departments. 

CUL.FA02 When a mistake happens, the main focus is on solving the problem. 

CUL.FA03 When a mistake happens, the person responsible is not the only one held 

accountable. 

CUL.FA04 When a mistake happens, the IT department does not focus on blaming 

individuals for failures. 

CUL.FA05 Response to failure focuses on the conditions in which failure happens. 

Basis: Westrum (2004), Puppet Labs (2015) 

Bridging:  

Bridging means creating connections and eliminating barriers between different 

departments inside a company. For Westrum (2004), a pathological organization would 

discourage bridging, a bureaucratic organization would tolerate bridging and a generative 

organization would encourage bridging. Table 13 shows the items for the Bridging variable. 
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Table 13. Items for the Cultural Factor, Bridging variable 

CE.BR01 There is encouragement for bridging between different departments of the 

company. 

CE.BR02 Different teams are included in the planning throughout the software development 

cycle. 

CE.BR03 Different teams usually share the same workspace. 

CE.BR04 Tools that support bridging between different departments are adopted. 

CE.BR05 Our company tries to break down silos and encourage bridging between 

departments. 

Basis: Westrum (2004), Puppet Labs (2015) 

 Novelty encouraged:  

 According to Westrum (2004, p. 23): “the climate that provides good information flow is 

likely to support and encourage other kinds of cooperative and mission enhancing behavior, such 

as innovation”. In other words, the way the organization deals with innovation also helps build 

the typology of this organization. According to Westrum (2004), in a pathological organization, 

novelty is crushed, in a bureaucratic organization novelty creates problems and in a generative 

organization novelty is encouraged. Table 14 shows the items for Novelty Encouraged variable. 

Table 14. Items for the Cultural Factor, Novelty Encouraged variable 

CUL.NO01 Experimentation is an essential part of the jobs of all departments involved in 

the software development process. 

CUL.NO02 There is support for new ideas and they are welcomed in the workplace. 

CUL.NO03 Our employees have time during the workweek to work on new ideas. 

CUL.NO04 There is incentive to share ideas between colleagues. 

CUL.NO05 Top management supports the sharing of ideas between employees. 

Basis: Westrum (2004), Puppet Labs (2015) 

Delivery Approach 

 To measure the Delivery Approach, items were created based on the Phoenix Project 

(Kim et al. 2014, p. 347) definitions of the characteristics of what they call a successful DevOps 

firm, and are specific to this kind of firm. As Kim et al. (2014) points out, there is no single 

definition to what DevOps is. However, some characteristics of a DevOps firm can be observed 

and measured. For this research, the items represent the two main variables appointed by Kim 

and colleagues (2014): Development and Operations synergy and Continuous Delivery. 
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As much as the authors of the book never mention those definition as strict rules, most 

companies and authors regard the Phoenix Project as the foundation of the DevOps movement. I 

acknowledge that the book can be treated as an official resource guide for companies that seek to 

adopt DevOps. The items’ formulation uses as basis previous research on Alignment (Baker et 

al. 2011, Venkatraman 1989), so the questions about DevOps resemble the previous literature on 

Alignment questions. Still, most of the content of the items is based on Kim and colleagues 

(2014, p.347) definitions of specific characteristics of a DevOps company. 

Development and Operations synergy:  

 This variable, as the name says, focuses on how much the Development and Operations 

employees actually work together. As Kim et al. (2014, p. 352) puts: “All this is made possible 

by DevOps, a new way that Development and IT Operations work together, along with everyone 

else in the IT value stream”. As such, collaboration between these different departments is the 

most important organizational value given by DevOps to companies. Table 15 shows the items 

for the Development and Operations Synergy variable. 

Table 15. Items for the Delivery Approach Factor, Development and Operations synergy variable 

DEL.DO01 Our company's transition between Development and Operations is handled 

seamlessly. 

DEL.DO02 Our company aims to unify different IT departments such as Development and 

Operations into a cohesive software development process. 

DEL.DO03 The relationship between departments is vital in the software development 

process. 

DEL.DO04 This company has been effective in applying DevOps concepts. 

DEL.DO05 Development and Operations work together as proposed by the adoption of 

DevOps. 

Basis: Kim et al. (2014) 

 Continuous Delivery:  

Continuous Delivery, which is the ability to do better than previously done. It means that 

the company learns from its mistakes and keeps on improving their software development 

process accordingly to the needs of the market. Table 16 shows the items for the Continuous 

Delivery variable. 
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Table 16. Items for the Delivery Approach Factor, Continuous Delivery variable 

DEL.CD01 Communication between development and operations teams is continuously 

evolving. 

DEL.CD02 The delivery process accommodates time for employees to work on innovation. 

DEL.CD03 Feedback between different IT departments is fast and effective. 

DEL.CD04 The goal for our company’s IT department is to keep improving constantly. 

DEL.CD05 Continuous improvement in the software development process is vital in our 

company. 

Basis: Kim et al. (2014) 

DevOps Alignment 

 To measure the Alignment with DevOps factor 4 questions were asked, following the 

guidelines of Venkatraman (1989) and Wu et al. (2015), regarding the Alignment between each 

of the previous factor inside the organization and the benchmark of DevOps in the market. These 

questions were created based on the previous research cited above and adapted in a DevOps 

context. The objective of these questions is to measure Alignment as a separate factor that 

influences IT Outcomes, by mediating the relationship between Delivery Approach and IT 

Outcomes. Table 17 shows the items for the Alignment with the ideal DevOps company factor. 

Table 17. Items for the Alignment with the ideal DevOps Company Factor 

ALG.TF The Technology in the company is in alignment with the Technology of the 

best DevOps companies in the market. 

ALG.MF The Management methods in the company is in alignment with the 

Management methods of the best DevOps companies in the market. 

ALG.CF The Culture in the company is in alignment with the Culture of the best 

DevOps companies in the market. 

ALG.DA The Delivery Approach in the company is in alignment with the Delivery 

Approach of the best DevOps companies in the market. 

ALG.MA The level of DevOps in the company is highly mature. 

Basis: Wu et al. (2015) 

IT Outcomes 

 The measure of this construct is straightforward, in the sense that I am measuring the 

understanding of the respondent of different indicators of not only DevOps performance, but IT 

performance itself. Ravichandran et al. (2016) discussed the relationship between DevOps and 

real-world ROI (return of investment). The authors addressed the challenging of measuring 

DevOps success because there are no specific IT measures for DevOps. Instead, Ravichandran et 
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al. (2016) proposed that other IT measures that are already used for most companies could 

indicate the ROI for DevOps adoption.  

Performance Indicators:  

Kim et al. (2014, p.348) proposes several indicators for measuring the outcome of 

DevOps adoption, which are: Deployment Frequency, Deployment Lead Time, MTTR (Mean-

time-to-Recovery), Percentage of Failed Deployments, Reliability, Customer Responsiveness, 

and Job Satisfaction. While these indicators could be measured by numbers, this research also 

uses the information provided by the self-assessment, because IT professionals with minimal 

experience are already familiarized with these indicators and can readily provide that information 

in the questionnaire. Table 18 shows the items for the IT Outcomes, Performance Indicators 

variable. 

Table 18. Items for the IT Outcomes construct, Performance Indicators variable 

Deployment 

Frequency 

OUT.DF My company has significantly more software deployments 

per month than the typical company in my industry. 

Deployment 

Lead Time 

OUT.LT My company has significantly shorter lead times than the 

typical company in my industry. 

MTTR OUT.MTTR My company has significantly shorter MTTR (Mean-time-to-

Recovery) than the typical company in my industry. 

% of Failed 

Deployments 

OUT.FO My company has significantly smaller percentage of failed 

deployments than the typical company in my industry. 

Reliability OUT.RE1 My company delivers software consistently with more 

reliability than the typical company in my industry. 

Reliability OUT.RE2 My company has software significantly more dependable 

than the typical company in my industry. 

Customer 

Responsiveness 

OUT.CR My company has significantly greater customer 

responsiveness than the typical company in my industry. 

Basis: Kim et al. (2014) 

Job Satisfaction:  

While the IT Outcomes can be readily captured in the Kim et al. (2014) book, the Job 

Satisfaction items were taken from Joseph et al. (2007) research on Job Satisfaction, as they are 

previously validated measures of Job Satisfaction, only reworded to include the word DevOps. 

Table 19 shows the items for the IT Outcomes Factor, Job Satisfaction variable. 
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Table 19. Items for the IT Outcomes Factor, Job Satisfaction variable 

OUT.JS01 Few employees intend to leave the organization in the near future. 

OUT.JS02 I perceive that most employees in my organization are content with their job role 

situation. 

OUT.JS03 I perceive that most employees in my organization are content with their current 

work situation. 

DO.JS04 I perceive that most employees in my organization deal with a workload adequate 

to their expectations. 

DO.JS05 I perceive that most employees in my organization approve of the DevOps 

approach. 

Basis: Joseph et al. (2007) 

Control Variables 

DevOps is a new topic of discussion, especially when regarding academic research. As 

such, it is important that control variables are analyzed to ensure the validity of the findings. This 

effort has the goal of avoiding rival explanations of the effect on IT outcomes and organizational 

performance. As Wu et al. (2015) pointed, it is easier workers to communicate and coordinate 

with each other in very small firms, and small-sized firms may tend to be relatively better 

aligned while medium-size firms may show less evidence of alignment. In that the expectation is 

that the sample will be collected from medium to large-sized firms across different industry 

types, I specified firm size and industry type as control variables for ruling out alternative 

explanations in our research model. Total number of full-time equivalent employees was used as 

a proxy of firm size. As for the industry type, Tan (1995) found that IT is more responsive to 

businesses emphasizing innovation in their product and strategies. As such, IT industry may have 

higher performance attributed by IT supporting business strategies compared to other industries. 

I thus will categorize the industry type into two groups: IT versus non-IT. The list of the control 

variables and the references can be found on the appendix. 

Survey Validation 

To answer the research question, the sample needs to be from individuals that belong to 

organization that have adopted DevOps in the past or are in the process of it. Professionals that 

are not familiar with the DevOps concept or other samples such as undergraduate students will 

not be able to provide this research with the knowledge necessary to answer the research 

question. The “population” in question that has the knowledge necessary to provide to the 

research and thus are being studied is composed by IT professionals that have experience in the 
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IT department and can compare DevOps values with those embedded in the organization’s 

culture and processes, and most of all, that are already familiar with the DevOps approach. To 

find these professionals, snowball sampling is likely to be the chosen method. 

To assess nonresponse bias, I will first compare the earliest 25% respondents and the last 

25% respondents on their firm characteristics and responses on principal constructs to check for 

statistical differences (Armstrong and Overton 1997). I will then compare the difference of the 

expected and observed number of responses across different industry sectors to check if 

nonresponse bias could be a possible concern in this study. 

Expert Validation 

 The survey was first administered to several colleagues to identify and rectify some 

potential issues rooted in the framing and phrasing of the instrument. All measures used are 

based in the literature and are validated following Moore and Benbasat (1991). Postgraduate IS 

students were recruited to aid in the task of content validity. Finally, top managers of at least 

three firms were invited to comment on the survey questionnaire, to assess face validity. With 

their suggestions, a few adjustments in the phrasing and framing of the questions were made. 

Pilot Study 

All items were further refined using a small-scale pre-test of the questionnaire (Straub et 

al. 2004) that was be conducted with professionals used to dealing with DevOps. The purpose of 

this exercise is to assess logical consistency, ease of understanding, sequencing of items, and 

contextual relevance. By doing so, I trust that measurement error will be reduced and the 

downstream internal validity of the study was improved. Pilot Study was conducted in 

September 2018 using the Amazon Mechanical Turk tool. The respondents were selected by 

being from inside the U.S., with jobs in Information Technology and basic knowledge on 

DevOps. Total respondents were 202, with 192 valid responses. Nine respondents were dropped 

due to incomplete answers. Respondents were selected based on their location (inside the U.S.), 

expertise and job related to I.T. and they were payed $2.00 to participate in the study, which is 

the standard rate of payment for this type of task on the tool. There were 202 answers to the 

survey, 10 which were dropped for being incomplete. Thus, 192 valid answers were used in the 

pilot study. This tool has been previously validated by IS research (Steelman, Hammer, 

Limayem 2014), and served to increase validity of the questionnaire before application with IS 
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managers. The tables 20 to 29 below show the descriptive demographics of the participants of 

the survey. 

Table 20. Pre-survey Participants Age 

Age 

18-24 14 

25-34 83 

35-44 52 

45-54 23 

55-64 15 

65-74 2 

75 or older 3 

Total 192 

 

Table 21. Pre-survey Participants Gender 

Gender 

Female 60 

Male 128 

Prefer not to inform 4 

Total 192 

 

Table 22. Pre-survey Participants Education 

Education 

High school degree or equivalent (e.g. 

GED) 
7 

Bachelor's degree (e.g. BA, BS) 102 

Associate degree (e.g. AA, AS) 18 

Professional degree (e.g. MD, DDS) 22 

Master's degree (e.g. MA, MS, MEd) 42 

Ph.D. 1 

Total 192 
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Table 23. Pre-survey Participants Job 

Job 

Programmer 63 

Analyst 60 

CIO 1 

Director 13 

Manager 41 

Other 14 

Total 192 

 

Table 24. Pre-survey Participants Years in the Company 

Years in the Current Company 

0-3 64 

4-7 69 

8-11 18 

12-15 20 

16+ 21 

Total 192 

 

Table 25. Pre-survey Participants Years in the Current Position 

Years in Position 

0-3 119 

4-7 54 

8-11 16 

12-15 2 

16+ 1 

Total 192 
 

Table 26. Pre-survey Participants’ company Sector 

Company's Sector 

IT 112 

Other 80 

Total 192 
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Table 27. Pre-survey Participants’ company Years in the Market 

Company Time in the Market 

Less than one year 2 

1-3 years 3 

4-9 years 23 

10-27 years 66 

More than 27 years 98 

Total 192 
 

Table 28. Pre-survey Participants’ Organizational Level considered 

Organizational Level 

Entire organization 138 

My subsidiary 40 

My subunit 14 

Total 192 

Table 29. Pre-survey Participants Market Dynamism for their Company’s sector 

Market Dynamism 

Strongly Disagree 0 

Disagree 9 

Somewhat Disagree 13 

Neither Agree or Disagree 14 

Somewhat Agree 51 

Agree 80 

Strongly Agree 25 

Total 192 

  

While it is not the focus of the pre-survey to analyze the demographics of the sample, it is 

important in terms of validation of the tool, as the respondents’ characteristics are like those 

intended to be the final sample for this research, thus being useful towards the validation of the 

measurement tool. After the initial characterization of the sample, an Exploratory Factor 

Analysis (EFA) was conducted using IBM SPSS statistical tool. First, the Cronbach’s Alpha 

coefficient was analyzed, as shown in table 28. 
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Table 30. Pre-survey Cronbach’s Alpha 

Factor Cronbach's Alpha 

Technological 

Automation .740 

Cloud Computing .845 

Aut+Cloud .825 

Management 

Lean .838 

Agile .790 

Lean+Agile .829 

Culture 

Cooperation .845 

Failure .77 

Bridging .825 

Novelty .843 

All .894 

Delivery 

Approach 

Dev+Ops .857 

Cont. Delivery .860 

DevOps+CD .881 

 

 Each factor had its reliability analyzed. Each factor’s coefficient, as shown on table 

above, is in the interval between .758 and .914 for the instrument. Nunnally (1978) 

acknowledges Cronbach’s Alpha of above .7 to be considered acceptable, and above .9 to be 

excellent. Considering this is a pilot study, with measurement items created specifically for this 

research, these results are more than adequate. According to this indicator, there is no reason to 

question any of the factors presented. 

 The EFA was also conducted to assess the validity of the items. The EFA allows us to 

verify if the proposed factors are unidimensional, meaning that the respondents understand each 

item as corresponding to the topic proposed. The chosen method was the Principal Component 

Analysis, which uses the total variance of the items, also using the orthogonal Varimax rotation. 

All the factors presented were unidimensional. The individual correlation between the items and 

their respective factors for their most part was above the recommended. To guarantee the validity 

of this assessment, the test was replicated not only using the IBM SPSS tool, but also R 

statistical tool and the loading of each item in SmartPLS 3.0. The results of the EFA are 

available in the appendix to this document. 

Three different software for analytics were used, to make sure these items had enough 

reliability. On the software PLS 3.0, the loading of each item on its respective item was 
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conducted. In the software R, it was conducted an Exploratory Factor Analysis (EFA) to assess 

its unidimensionality. And using SPSS a Confirmatory Factor Analysis (CFA) was conducted to 

assess the correlation between each item and its factor.  Only three items were indicated by their 

statistics to be unsatisfactory. These items were TEC.AT05 - Our company focuses on 

automating tasks as much as possible, MAN.AG02 - Our company relies more often on 

responding to change instead of following a plan, and CUL.FA02 - When a mistake happens, the 

person responsible is not the only one held accountable.  

The first item, TEC.AT05, was changed to: Most of the operational tasks in the IT 

Operations department are highly automated.  Item MAN.AG02 was changed to: The company 

is willing to deviate from a plan in order to respond to change. And for item CUL.FA02: When a 

mistake happens, the main focus is on solving the problem. I believe these new items suit better 

the intention of the factor and reflect better towards its understanding by the respondents. While 

these items did not load as highly as expected in their factors was argument to rewrite them, none 

of them loaded significantly poorly that required to be dropped, at least not in the pre-survey. 

Even if the EFA results would point towards the elimination of some items to increase 

the variance explained for each factor, I opted on keeping all the items or any of the factors, as 

they seem to indicate reliability for each factor, and the sample was considered to reasonably 

similar to the actual population I wish to investigate. It is important to note that all the factors 

have high explanatory power, showing their capacity to aid in the explanatory power of the final 

model. 

Final Survey Data Collection Procedure 

Data collection was conducted in the U.S. between November 2018 and February 2019. 

Survey was be distributed with the collaboration of DevOps consultants that possess networking 

with DevOps companies in the country, such as the website DevOps.com, that shared the survey 

with their subscribers. Other IT companies and professionals were contacted directly through e-

mail and using the LinkedIn.com social media. This included a broad range of industries and 

firms to maximize the generalizability of findings. I employed the key informant approach to 

collect data from those who oversee teams and processes, thus a big portion of the survey 

respondents admitted into the process come from people in leadership positions in their 
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respective companies. Informants should mainly include managers and CIOs. The survey will be 

sent by e-mail with the link to the questionnaire.  

Data Analysis 

 To assess the model, I used Structural Equation Modeling (SEM) PLS analysis, as it is an 

adequate modeling technique for measuring alignment between two different constructs, 

following instructions from Chin (1998). Analysis will be conducted using the SmartPLS 3.0 

tool for statistical analysis, as it is suitable for SEM model analysis and readily available.  
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CHAPTER 4 

RESULTS 

The data collection resulted in 176 valid surveys (14 incomplete surveys were not 

considered, totaling 190 answers). Survey respondents were IT professionals that had some 

previous knowledge about DevOps. The final sample descriptive statistics is as shown in the 

tables below. Tables 31 to 40 shows the descriptive statistics of the Final Survey participants. 

Table 31. Final Survey Participants Age 

Age 

18-24 8 

25-34 67 

35-44 45 

45-54 40 

55-64 14 

65-74 1 

75 or older 1 

Total 176 

  

Table 31 shows the participant’s age. More than half of the participants are above 35 of 

age, which shows some level of seniority in their respective organizations. 

Table 32. Final Survey Participants Gender 

Gender 

Female 75 

Male 101 

Prefer not to inform 0 

Total 176 

 

Table 32 shows the gender of the participants. There was no difference in this control 

variable regarding the model. 
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Table 33. Final Survey Participants Education 

Education 

High school degree or equivalent (e.g. 

GED) 
5 

Bachelor's degree (e.g. BA, BS) 84 

Associate degree (e.g. AA, AS) 18 

Professional degree (e.g. MD, DDS, 

DVM) 
22 

Master's degree (e.g. MA, MS, MEd) 47 

Ph.D. 0 

Total 176 

  

Table 33 shows educational level. Most of the sample (47%) had a bachelor’s degree, and more 

than 95% had a bachelor’s degree or more. 

Table 34. Final Survey Participants Job 

Job 

Programmer 15 

Analyst 25 

CIO 6 

Director 35 

Manager 89 

Other 6 

Total 176 

 

Table 34 shows the sample’s respective job. As said previously in the theoretical section 

of this research, it was preferable that the respondents possessed a senior/managerial position in 

the company, as it would reflect better the knowledge on organizational culture. This sample has 

74% of its participants in a managerial level (CIO, Director and Manager) which allows some 

level of generalizability towards the decision-making process of IT companies towards their 

approach to delivering software. This is important to note as an argument of the validity of the 

sample. 
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Table 35. Pre-survey Participants Years in the Company 

Years in the Current Company 

0-3 65 

4-7 44 

8-11 30 

12-15 25 

16+ 12 

Total 176 

 

Table 36. Pre-survey Participants Years in the Current Position 

Years in Position 

0-3 80 

4-7 53 

8-11 22 

12-15 12 

16+ 9 

Total 176 

 

Table 37. Final Survey Participants’ company Sector 

Company's Sector 

IT 135 

Other 41 

Total 176 

 

Table 38. Final Survey Participants’ company Size 

Company Size 

Up to 19 employees 7 

20 to 99 employees 21 

100 to 499 employees 41 

More than 500 employees 107 

Total 176 
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Table 39. Final Survey Participants’ company Years in the Market 

Company Time in the Market 

Less than one year 13 

1-3 years 6 

4-9 years 23 

10-27 years 55 

More than 27 years 79 

Total 176 

 

 Tables 35 to 39 help define the characteristics of the sample, as they show the profile of 

the respondents. They do not show any particular information that is to be noted, expect that 

table 36 shows the spread of DevOps towards organizations in which IT is not the main focus. 

Table 40. Final Survey Participants’ Organizational Level considered 

Organizational Level 

Entire organization 130 

My subsidiary 40 

My subunit 6 

Total 176 

 

 DevOps is treated in the IT community as generally an organization-wide phenomenon. 

Nonetheless, some organizations consider DevOps specific teams as having DevOps inside the 

organization. A question to what organizational level the participant considered when answering 

the survey had the intention if perceiving their analysis of DevOps to be on the whole 

organization or their specific subunit. This is particularly important for large organization, as 

DevOps would be implemented in a large organization in a homogeneous manner. More than 

73% of the respondents had their whole organization in mind when responding to the survey 

(table 40), which shows that DevOps is a widespread organization change.  

 

 

 

 



                                                                                     Texas Tech University, Gabriel Cogo, August 2019 
 

111 
 

Table 41. Final Survey Participants Market Dynamism for their Company’s sector 

Market Dynamism 

Strongly Disagree 0 

Disagree 5 

Somewhat Disagree 7 

Neither Agree nor Disagree 8 

Somewhat Agree 16 

Agree 80 

Strongly Agree 60 

Total 176 

 

Table 41 shows a control question that had the objective of asking participants if the 

market in which they encountered themselves in was considered dynamic. Unfortunately, there 

are not enough answers to justify a group comparison between groups of highly dynamic/ low 

dynamic market to check for a difference in their respective results. What this question shows is 

that for most IT companies in the market today, the market is considered highly volatile, which 

would also indicate the need to adapt to changes quickly to survive. Table 42 the descriptive 

statistics for the factors. 

Table 42. Descriptive Statistics and Correlations 

Factors Mean SD 

Cronbach's 

α 

C. 

Rel. AVE 

1. 

Tech. 

2. 

Man. 

3. 

Cult. 

4. 

Del. 

5. 

Alig. 

6. IT 

Out. 

1. Technology 5.49 1.51 0.89 0.91 0.55 0.744a      
2. 

Management 5.17 1.49 0.88 0.90 0.54 0.62 0.733     

3. Culture 5.16 1.53 0.93 0.94 0.63 0.58 0.68 0.794    

4. Delivery 5.24 1.46 0.92 0.93 0.58 0.55 0.65 0.72 0.76   

5. Alignment 4.89 1.58 0.92 0.94 0.76 0.47 0.62 0.68 0.74 0.871  
6. IT 

Outcomes 4.89 1.57 0.90 0.92 0.61 0.50 0.65 0.72 0.72 0.71 0.781 

aDiagonal elements (in bold) are square roots of the average variance extracted (AVE), 

whereas off-diagonal elements are interconstruct correlations. 

 

I examined the reliability and validity of these constructs. The reliability indicators 

measured by Cronbach’s Alpha (table 41) were all above the cited minimum value of 0.7 

(Nunally and Bernstein 1994). The discriminant validity of the factors was assessed through a 
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principal components factor analysis with direct Varimax rotation using SPSS version 25. Table 

42 presents the results of the factor analysis. 

 To assess discriminant validity, Fornell and Larcker (1981) also pointed out that the AVE 

should be larger than the variance shared between the construct and other constructs in the model 

(i.e., the squared correlation between two factors). Table 42 shows that all factor pairs met this 

requirement. The rest of the reliability and validity measures for the model are shown in table 43. 

Nonresponse bias was tested through t-tests on the independent variables. If the last 

group of respondents is most similar to non-respondents, a comparison of the first and last timed 

quartile of respondents provides a test of response bias in the sample (Armstrong and Overton 

1977, Bailey 1978). The first and last quartiles were compared on key study variables and there 

were no significant response biases across these variables. In addition, since it is virtually 

impossible to get information about the whole population, in this case, comparison (χ²) tests of 

the characteristics (firm size and industry type) between the first and last quartile were utilized, 

and these differences were: p = 0.228 for company size and 0.110 for industry type. The 

comparison results indicated that nonresponse bias was not a pervasive threat in this research. 

The discriminant validity was further checked whether the loadings for the items on their 

targeted construct were higher than those on the other constructs in the model (Chin 1998). 

Gefen and Straub (2005) provided a restrictive guideline stating that the minimum difference 

between item loadings and cross-loadings should be larger than 0.10 to establish discriminant 

validity besides the AVE analysis. This restrictive guideline has been widely adopted in the 

information systems literature to assess discriminant validity (Gefen and Straub 2005, Xu et al. 

2013). Table 43 contains the loadings and cross loadings for the items used in this study. All 

items were loaded higher on their constructs than they were on any other constructs. 

Furthermore, the differences in all cases were more than 0.10, with most of them being larger 

than 0.20. These results confirm that the constructs are factorially distinct from each other, and 

that all items used to operationalize a factor were loaded to a single variable. Table 44 shows that 

the checks for reliability and validity were all made. The CFA here shows that the corrected 

items all had a Beta considered valid (above >0.6) and thus were kept for the final analysis. 
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Table 43. Confirmatory Factor Analysis Factor Loadings using R (Lavaan) 

Lat. Factor Indicator B SE Z Beta Sig* 

TEC.AT AT01 0.670 0.066 10.081 0.672 *** 

TEC.AT AT02 0.782 0.063 12.426 0.784 *** 

TEC.AT AT03 0.620 0.068 9.123 0.621 *** 

TEC.AT AT04 0.860 0.060 14.271 0.862 *** 

TEC.AT AT05 0.753 0.074 4.804 0.654 *** 

TEC.CC CC01 0.847 0.059 14.380 0.850 *** 

TEC.CC CC02 0.840 0.059 14.180 0.842 *** 

TEC.CC CC03 0.779 0.062 12.655 0.781 *** 

TEC.CC CC04 0.709 0.064 11.088 0.711 *** 

TEC.CC CC05 0.813 0.060 13.493 0.815 *** 

MAN.LM LM01 0.702 0.065 10.827 0.704 *** 

MAN.LM LM02 0.876 0.068 8.422 0.578 *** 

MAN.LM LM03 0.748 0.063 11.813 0.750 *** 

MAN.LM LM04 0.729 0.064 11.395 0.731 *** 

MAN.LM LM05 0.815 0.061 13.394 0.818 *** 

MAN.AG AG01 0.686 0.066 10.374 0.688 *** 

MAN.AG AG02 0.664 0.075 3.525 0.765 *** 

MAN.AG AG03 0.723 0.065 11.130 0.725 *** 

MAN.AG AG04 0.788 0.063 12.551 0.790 *** 

MAN.AG AG05 0.745 0.064 11.610 0.747 *** 

CUL.CO CO01 0.774 0.062 12.533 0.776 *** 

CUL.CO CO02 0.722 0.064 11.367 0.724 *** 

CUL.CO CO03 0.841 0.059 14.185 0.843 *** 

CUL.CO CO04 0.650 0.066 9.881 0.652 *** 

CUL.CO CO05 0.614 0.067 9.191 0.615 *** 

CUL.FA FA01 0.644 0.069 9.280 0.646 *** 

CUL.FA FA02 0.791 0.073 6.709 0.792 *** 

CUL.FA FA03 0.623 0.070 8.901 0.625 *** 

CUL.FA FA04 0.658 0.069 9.537 0.660 *** 

CUL.FA FA05 0.693 0.068 10.188 0.695 *** 

CUL.BR BR01 0.745 0.062 11.927 0.747 *** 

CUL.BR BR02 0.791 0.061 12.998 0.793 *** 

CUL.BR BR03 0.511 0.069 7.419 0.813 *** 

CUL.BR BR04 0.775 0.061 12.612 0.777 *** 

CUL.BR BR05 0.825 0.060 13.846 0.827 *** 

CUL.NO NO01 0.664 0.066 10.138 0.666 *** 

CUL.NO NO02 0.776 0.062 12.541 0.778 *** 

CUL.NO NO03 0.722 0.064 11.330 0.724 *** 

CUL.NO NO04 0.814 0.060 13.475 0.816 *** 

CUL.NO NO05 0.811 0.061 13.404 0.813 *** 

DEL.DO DO01 0.697 0.064 10.936 0.699 *** 
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DEL.DO DO02 0.802 0.060 13.318 0.804 *** 

DEL.DO DO03 0.599 0.067 8.999 0.601 *** 

DEL.DO DO04 0.773 0.061 12.609 0.775 *** 

DEL.DO DO05 0.835 0.059 14.158 0.837 *** 

DEL.CD CD01 0.729 0.063 11.610 0.731 *** 

DEL.CD CD02 0.774 0.061 12.625 0.776 *** 

DEL.CD CD03 0.792 0.061 13.058 0.794 *** 

DEL.CD CD04 0.733 0.063 11.706 0.735 *** 

DEL.CD CD05 0.702 0.064 11.024 0.704 *** 

ALG.DO ALGTF 0.813 0.060 13.652 0.815 *** 

ALG.DO ALGMF 0.845 0.058 14.490 0.847 *** 

ALG.DO ALGCF 0.857 0.058 14.818 0.859 *** 

ALG.DO ALGDA 0.889 0.056 15.765 0.892 *** 

ALG.DO DVOMA 0.769 0.061 12.572 0.771 *** 

OUT OUTDF 0.783 0.067 8.753 0.585 *** 

OUT OUTLT 0.627 0.066 9.575 0.629 *** 

OUT OUTMTTR 0.592 0.066 8.913 0.594 *** 

OUT OUTFO 0.666 0.064 10.327 0.667 *** 

OUT OUTRE1 0.798 0.060 13.283 0.800 *** 

OUT OUTRE2 0.788 0.060 13.033 0.790 *** 

OUT OUTRE3 0.678 0.064 10.591 0.680 *** 

OUT OUTJS01 0.604 0.066 9.137 0.606 *** 

OUT OUTJS02 0.686 0.064 10.749 0.688 *** 

OUT OUTJS03 0.706 0.063 11.161 0.707 *** 

OUT OUTJS04 0.542 0.068 8.017 0.644 *** 

OUT OUTJS05 0.685 0.064 10.725 0.687 *** 

  *** p<0.001 level 

 

 

 

 

 

 

 

 

Table 43, Continued 
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Table 44. Checking Reliability and Validity. Adapted from Wong (2013) 

What to 

check? 

What to look for 

in SmartPLS? Where is the report? What is acceptable? This Research 

Reliability 

Indicator 

Reliability 

"Outer Loadings" 

numbers 

PLS > Calculation > Outer 

Loadings 

Square each of the outer 

loadings to find the indicator 

reliability value. 0.70 or 

higher is preferred. If it is an 

exploratory research, 0.4 or 

higher is acceptable. 

(Hulland, 1999) 

Items between 

0.7 and 0.6 were 

kept. Items 

below 0.6 were 

excluded from 

the final model 

(BR03, 

OUTJS04) 

Internal 

Consistency 

Reliability 

"Reliability" 

numbers 

PLS > Quality Criteria > 

Overview 

Composite reliability should 

be 0.7 or higher. If it is an 

exploratory research, 0.6 or 

higher is acceptable. 

(Bagozzi and Yi 1988) 

All above 0.9 

Validity 

Convergent 

Validity 

"AVE" numbers PLS > Quality Criteria > 

Overview 

It should be 0.5 or higher 

(Bagozzi and Yi 1988) 

All above 0.5 

Discriminant 

Validity 

"AVE" numbers 

and Latent 

Variable 

Correlations 

PLS > Quality Criteria > 

Overview (for the AVE 

number as shown above) 

PLS > Quality Criteria > 

Latent Variable 

Correlations 

Fornell and Larcker (1981) 

suggest that the “square 

root” of AVE of each latent 

variable should be greater 

than the correlations among 

the latent variables 

All above the 

requested 

threshold (table 

42) 

Hypotheses Testing Results 

 The model’s hypotheses were tested using the SmartPLS 3.0 software (Ringle et al. 

2013). PLS is well suited for this study because the research model has a limited sample size 

(176) and there is not a lot of theory on the subject (Chin 1998, Wu et al. 2015). The 

psychometric properties of the instrument were assessed according to (MacKenzie et al. (2011). 

Indicators have been established and so none were dropped, consistent with the suggestions of 

Petter et al. (2007). It was determined that the instrument was conceptually coherent, and that 

factor validity was enough to proceed to the structural tests of the model. 

Figure 3 shows graphically the results of the tests of the structural model. The hypothesis 

was tested by examining the size and significance of the paths in the model and the explained 

variance or R2 values (Barclay et al. 1995; Chin and Gopal 1995).  

I calculated the a priori statistical power of the sample for each of the two dependent 

variables (Delivery Approach and IT Outcomes) in the structural model to ensure that any 

nonsignificant effects would be interpretable. The statistical power to detect significant effects 

for each dependent variable (given the number of predictors, explained variance, sample size, 
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and a significance level of 0.05) was 0.89, which exceeded the recommended guideline of 0.80 

(Cohen 1988, Kock and Hadaya 2018), suggesting that our sample offers enough statistical 

power for testing the research model. The power analysis was conducted using the guidelines of 

Kock and Hadaya (2018), and the table used can be found in the appendix. The estimated 

minimum sample size was 95 for PLS-SEM, and the final survey fulfills that requirement by 

having 176 respondents. Another test using Monte Carlo simulation was conducted following the 

guidelines of Aguirre-Urreta and Ronkko (2015). According to these simulations using R, with a 

sample size of 100 the expected power would be 0.93.  

The second-order model was created using repeated measures for higher-order constructs 

in PLS (Becker, Klein and Wetzels 2012). The results in Figure 6 indicate that all weights and 

paths were significant at the .05 alpha protection level and that the model explains 76.5 percent 

of the variance in Delivery Approach and 76.7 percent of the variance in IT Outcomes. The 

standardized path coefficients are shown in Figure 6 both significant at an alpha protection level 

of 0.05—and both of enough magnitude that the effects are substantive. To assess the 

significance of the mediating effect of alignment and determine whether it partially or fully 

mediates the relationship between Delivery Approach and IT Outcomes, I first performed a 

Sobel test (Kenny 2012, Sobel 1982). This technique examines the path coefficients and the 

standard errors of the direct paths between Delivery Approach, Alignment (mediating variable), 

and IT Outcomes (dependent variable). The indirect effect of Delivery Approach on IT 

Outcomes is significant as indicated by this Sobel test (8.9928, p < 0.001). To determine whether 

Alignment completely or partially mediates the link between Delivery Approach and IT 

Outcomes (Kenny 2012), the direct effect is examined when the mediator is removed from the 

model. When we remove Alignment from the model, the direct effect of Delivery Approach on 

IT Outcomes has a slight positive and significant increase (β = 0.484, p < 0.001). Table shows 

the Mediation Effect test following the guidelines of Wong (2013). According to Wong (2013), 

VAF= indirect effect/ total effect. The VAF in this case is larger than the 20% threshold level, 

and according to Hair (2013), partial mediation is demonstrated when VAF exceeds the 0.2 

threshold level and that full mediation is demonstrated when it exceeds 0.8. This indicator shows 

us that 41% of the effect of Delivery Approach on IT Outcomes can be explained by the 

Alignment with DevOps, which leads us to accept the hypothesis of mediation in this case, even 

if it is partial mediation. Table 45 shows the analysis of the Mediation effect. This analysis was 



                                                                                     Texas Tech University, Gabriel Cogo, August 2019 
 

117 
 

conducted in SmartPLS 3.0 following the guidelines of Wong (2013) using bootstrapping to 

assess the t-values of the model with and without the mediation effect.   

Table 45. Mediation Analysis. Adapted from Wong (2013) 

Procedure Path 
Path 

Coef. 

Indirect 

Eff. 
STDEV 

Total 

Effect 
VAF t Values 

Sig. 

Lev. 
p Values Hypothesis 

Step 1: Direct 

Effect (without 

mediator) 

DA > ITOut 0.822 n/a 33.854 *** 0.000 

Accepted 
Step 2: Indirect 

Effect (with 

mediator) 

DA > ITOut 0.484 n/a 

0.822 0.411 

8.985 *** 0.000 

DA > ALG 0.744 
0.338 0.043 

22.557 *** 0.000 

ALG > ITOut 0.454 8.023 *** 0.000 
 

 This means that Delivery Approach is positively associated with IT Outcomes, 

influenced by Alignment with the ideal DevOps organization. This helps us understand the role 

that DevOps plays in enabling IT Outcomes.  Thus, the analysis suggests that Alignment with 

DevOps partially mediates the linkage between Delivery Approach and IT Outcomes. Figure 3 

shows the final Measurement Model and table 46 shows the path coefficients and their 

significance tests. 
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Figure 3. Final Model and Results 
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Table 46. Significance Testing Structural Model Path Coefficients. Adapted from Wong (2013) 

Hypothesis Path Path Coef. t Values p Val. Hypothesis 

H1a Technological E. > Delivery Approach 0.26 0.753 0.453 Not Supported 

H1b Managerial M. > Delivery Approach 0.159 2.324 0.021 Supported 

H1c Org. Culture > Delivery Approach 0.728 10.857 0.000 Supported 

H2 Delivery Approach > IT Outcomes 0.484 9.520 0.000 Supported 

H3 Delivery Approach > DevOps Alignment 0.744 21.270 0.000 Supported 

  DevOps Alignment > IT Outcomes 0.454 8.422 0.000 Supported 

The final step in the structural model evaluation is to assess the effect of a specific 

exogenous construct on the endogenous construct if it is deleted from the model. This assessment 

can be done by checking the f2 and q2 effect sizes (table 47), which are derived from R2 and Q2 

respectively. Following Cohen’s (1988) guideline which states that f2 values of 0.02, 0.15, and 

0.35 are interpreted as small, medium, and large effect sizes, respectively, it can be said that in 

general, the exogenous factors have large f2 and q2 on the endogenous factors (see table 47). This 

was done following the guidelines for bootstrapping in SmarPLS 3.0. SmartPLS generates T-

statistics for significance testing of both the inner and outer model, using a procedure called 

bootstrapping. In this procedure, many subsamples (e.g. in this research 10000 subsamples) are 

taken from the original sample with replacement to give bootstrap standard errors, which in turn 

gives approximate T-values for significance testing of the structural path. The bootstrap result 

approximates the normality of data (Wong 2013). There are 176 valid observations in the data 

set, so the number of cases in the setting is 176, to be replicated 10000 times. The other 

parameters remain unchanged. Table 47 shows the result of the bootstrapping analysis. The same 

bootstrapping technique was used in the assessment of the mediation analysis (table 43). 

Table 47. Results of f2 and q2 effect sizes. Adapted from Wong (2013) 

 
Target Factor 

  Delivery Approach IT Outcomes 

Predecessor 

Factor 

Path 

Coef. 

f2 effect 

size 

q2 effect 

size 

Path 

Coef. 

f2 effect 

size 

q2 effect 

size 

Technological 0.026 0.004 0.056 n/a 

Management 0.159 0.286 0.120 n/a 

Culture 0.728 0.776 0.256 n/a 

Delivery App. n/a 0.484 0.416 0.122 

Alignment n/a 0.454 0.395 0.281 
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 Overall, the model suggests 76.7% explained variance levels for IT Outcomes, and 76.5% 

explained variance for Delivery Approach, and substantive path coefficients in all the hypothesis 

except for Hypothesis 1a, the positive correlation between Technological Enablers and Delivery 

Approach. This is a very strong explanatory power, which allows us to indicate a meaningful 

correlation between the right enablers and actual increase in IT measurable outcomes. 
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CHAPTER 5 

DISCUSSION 

The IT field goes through constant and impactful changes, and DevOps seems to be, not 

only the newest trend, but a shift in the core ideas of how IT software delivery should be done. 

Still, DevOps impacts not only the software delivery process. DevOps requires profound changes 

in the organization and this dissertation is only the first step into addressing the impact of 

DevOps to IT organizations. This research has two goals of contributing to IS research: first, by 

providing a valid discussion of what DevOps means to the organization, and, secondly, by 

positioning DevOps inside the academic study of IS in general and software delivery. By doing 

so, I hope to inform future researchers with a foundation on the impacts of DevOps to the 

organization, by building on the IS research on IT performance by acknowledging DevOps as a 

meaningful shift in the considered classic delivery philosophies (i.e. Waterfall). By showing that 

adopting DevOps leads companies to better IT performance on several established indicators of 

success (i.e. deployment time, mean-time-to-recovery, etc.) than its peers, this research shows 

the importance of dealing with the need to adapt the current market dynamism that is expected, 

as DevOps is an adaptation to the hyper dynamic IT market that is the currently the trend, and 

most likely for the foreseeable future. This will help companies not only to survive in the market 

but becoming more competitive by identifying what is required to achieve high performance in 

this context. Finally, as other research has shown that simply investing in IT does not provide 

results (Bharadwaj 2000), this research contributes to the understanding that to increase 

performance and possibly generate competitive advantage, companies should make sure to invest 

in long-term intangible capabilities, such as DevOps. Only by observing IT as a complex 

structure that affects the whole company can managers achieve results that are positively distinct 

from the market. As mentioned by Barney (1986) more than 30 years ago, organizational culture 

could be a source of competitive advantage then, and DevOps might be the next evolutionary 

step in this process by incorporating culture into the fundamental changes that it does to the 

organization. 

 In terms of practical implications, this research provides a framework for understanding 

the company’s culture and technical and managerial processes as enablers to a DevOps adapted 

Delivery Approach, which can provide guidelines for companies that wish to become DevOps 
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but must understand what are the factors that impact this change before deciding. As companies 

that are currently far away from the Generative Culture or do not possess previously any of the 

preceding factors, might expect too much conflict if deciding to become DevOps, and the costs 

of a fast-paced change might be too much. Thus, this research seeks to help organizations 

strategize this change by first understanding if the company possesses the necessary enabling 

factors to acknowledge this possible change as beneficial for them. Lastly, by showing a positive 

relationship between adopting DevOps and a company’s IT outcomes, I intend to present to 

companies the necessity of addressing the enabling factors to adapt to the current state of 

competitiveness in the IT market, and better understanding if adopting DevOps is the right 

solution for them. 

Theoretical Contributions 

 This research’s findings show several conclusions that helps us develop a theoretical 

background gap for DevOps that was previously lacking. This research also helps build on the 

knowledge of Software Delivery philosophies, a subject that, as pointed out by several authors 

such as Cusumano (1991) and Wynekoop & Russo (1995) still have a lot to be investigated. In 

the past 20 years since these publications, a lot has changed in the software design philosophies 

and constant vigilance is required to understand all the changes that happened to the software 

development (delivery) process in the meantime. Because this process is so fundamentally 

important to all IT organizations, changing the software delivery process has also brought 

structural changes to the organizations themselves. As Leydner & Kayworth (2006) mention, 

understanding IT culture is vital to developing knowledge about the IT organization (i.e. here I 

mention IT organization as any organization that develops software or an IT department of an 

organization that is not by itself only responsible for IT products, but still develops software) and 

culture was never as important as an enabler of high performing organizations as it is today. I 

will discuss separately each of the individual assumptions of this research below. 

The Influence of Enabling Factors on Delivery Approach 

 Hypothesis 1a (e.g. Technological Enablers influence on Delivery Approach), 1b (e.g. 

Managerial Methodologies influence on Delivery Approach) and 1c (Organizational Culture 

influence on Delivery Approach) discussed the positive influence of enabling factors that an 

organization should possess that could positively influence a higher performing Delivery 
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Approach. These factors have been previously mentioned in research that addressed DevOps, 

may that research be focused in the Design Science aspect of DevOps or DevOps as a philosophy 

of delivery. Almost all previous research on DevOps has discussed these factors to some degree 

(i.e. see Erich et al. 2014 for a literature review). 

First, I will address hypothesis 1a failure to show both a significant path coefficient and 

effect size on Delivery Approach. Most authors, such as Kim et al. (2014) and Smeds et al. 

(2015) mention technological capacities such as automation and cloud computing as enablers of 

DevOps (i.e. other technologies are mentioned, such as security technologies, but only 

sparingly). This relationship between Technological Enablers and Delivery Approach in the 

model would seem like the simplest one to address. In fact, both Cloud Computing and 

Automation had high means (AT mean = 5.44, AT S.D. = 1.54; CC mean =5.55 and CC S.D. = 

1.49), which in turn indicates that the respondents show they are addressing the technological 

needs of the company by having the necessary technological capabilities. The failure to find an 

effect may be due to the characteristics of the respondents that are more inclined to the 

managerial level than the operational level, thus more concerned with the impact of non-

technical requirements than technical ones. I would argue, however, that the lack of support for 

H1a is because both these technologies, while still fundamentally attached and vital to the proper 

functioning of DevOps, are considered commonplace IT commodities for most companies, since 

they are readily available and are going in the way of becoming the standard in the IT 

marketplace. It could be argued that any organization that wishes to become a high performing 

DevOps organization should already have both these technological capacities if they intend to 

reach a mature level. The takeaway from this hypothesis is that Technological Enablers do not 

seem to influence as much as expected towards the development of a mature and competitive 

Delivery Factors, and that enabling task is mostly left to Managerial Methodologies and 

Organizational Culture. 

 As for hypothesis 1b, DevOps owes a lot of its fundamental values from the learning 

process of the Lean Management philosophy (Cusumano 1991), mixed with the innovations 

brought to the process by the Agile Manifesto (Agile Manifesto 2001). The data indicates a 

positive relationship between the application of these methodologies in the company and high 

performing Software Delivery Approach. DevOps builds on those, as they serve as pillars to the 
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creation of a more complex and focused approach Software Delivery, that involves not only 

Agile techniques of sprints and adaptation to changes in requirements, and Lean’s approach 

towards waste and elimination of redundancies, but also adds values such as direct approach 

towards failures and errors and the direct communication and innovation tools that allows for 

Continuous Delivery. The Management Factor is probably the one where managers can not only 

act more directly, as it is their job, but is the one where their influence is perceived more directly. 

While saying that good management is important for a company’s success might be the first 

thing ever said in the study of business, here is important to affirm that the managerial style 

responsible for the success of DevOps companies is different, if not opposite, the traditional 

managing style of the 20th century organization. As Kim et al. (2014) affirms: “Imagine living in 

a DevOps world, where product owners, Development, Quality Assurance, IT Operations, and 

InfoSec work together relentlessly to help each other and the overall organization win”. A big 

part of the book’s novelization refers to a new manager learning to cope with an organization 

that is failing and implement new ideas that can help the organization not only survive but also 

thrive in a competitive market. This management style is way more focused in developing new 

solutions and enabling empowerment to different stakeholders than a bureaucratic and old-

fashioned decision-making process. While many IT organizations already reflect these changes 

in some level, it is safe to say that most organizations in general still function in a fundamentally 

outdated way. 

 Arguably the most important enabler, as far as this research’s data shows, to a successful 

Software Development process and consequently a successful IT organization is Culture. 

Leydner & Kayworth (2006) already stressed the importance of understanding the role of culture 

in IT organizations. Barney (1991) discussed how Culture could be an importance resource in 

terms of competitive advantage. Culture is also the single hardest factor to change and improve, 

and that only adds to its importance to organizations that wish to succeed. DevOps particularly 

abandons several bureaucratic steps that used to be considered necessary towards project 

management, for example. The only way this approach of direct communication and elimination 

of several steps of the Delivery Process can function and still not only retain but improve quality 

and delivery speed is if the culture allows this form of direct communication and positive 

environment to work properly. Westrum (2004) mentions that a generative culture is inside top 
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performing organizations, yet, attaining that level of culture requires a constant effort towards 

rewarding positive behavior and dealing directly with rising conflicts.  

The Delivery Approach Factor 

 One of the challenges of this research was to help develop knowledge basis on the 

importance of DevOps to IT organizations. Going back to Wynekoop & Russo (1995), their 

argument on why methodologies are not used is an important argument for this research and for 

the study of DevOps. Even though organizations spend a lot of time and money developing tools 

and methodologies designed to support processes, a lot of times they are simply not used by the 

employees, that prefer to work on their own terms, most of the times creating issues with the 

methodologies and thus rendering the methodologies useless. DevOps in several points functions 

similarly as these past methodologies, as it also proposes sets of rules and methods designed to 

support the Software Delivery Process in organizations. However, DevOps builds on these 

methodologies by also focusing in the actual application of these requirements. This is done by 

reducing the number of pre-designed rules and focusing on the cooperation and direct 

communication of every single IT department, and by doing so, reducing the need for a formal 

set of rules. DevOps focuses on creating an environment of fast communication and focus in 

tasks that help create value to the organization, instead of operational and repetitive tasks that 

hinder the employee’s ability to create new solutions to existing problems. DevOps expects to 

achieve similar goals to past methodologies; however, it subverts this need for control in order to 

do so. The Delivery Approach factor in this sense is the solidification of this mindset in a way 

that resembles most closely the application of the previous enablers in an IT organization, from 

big projects to the minimal operational tasks. As Kim et al. (2014) pointed:  

“everyone in the value stream shares a culture that not only values each other’s 

time and contributions but also relentlessly injects pressure into the system of work to 

enable organizational learning and improvement… We have a high-trust, collaborative 

culture, where everyone is responsible for the quality of their work. Instead of approval 

and compliance processes, the hallmark of a low-trust, command-and-control 

management culture, we rely on peer review to ensure that everyone has confidence in 

the quality of their code”. 
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 The Delivery Approach factor is the result of the combination of these abstract enabling 

factors (i.e. Technological, Management and Culture) into the daily process of delivering 

software. The results of the research show that Development and Operations synergy and 

Continuous Delivery are two fundamental impacting variables to IT measurable Outcomes. This 

opens a topic of discussion towards the Delivery Approach as a fundamental part of IT, and a 

further investigation of what composes a Delivery Approach is recommended. The fact that this 

factor explains so much of the IT outcomes helps theory on IT productivity and for the future 

development of DevOps and other new methodologies/philosophies, helping us understand 

where our focus should be in helping IT organizations adapt to the current highly dynamic 

market. 

The Mediation between Alignment with DevOps and IT Outcomes 

 This research tries to understand the role DevOps plays in the organization. To do so, I 

looked back to the literature on software delivery and IT culture to address the what has been 

previously researched in the field. The other part of this research was to help build into a 

literature specific to DevOps, as both academia and industry are still struggling to find common 

ground to almost all things related to DevOps, including a precise definition (Smeds et al. 2015). 

The IT industry in general did not let the overall confusion about DevOps to be an impediment 

on its adoption, as DevOps is having an exponential growth in adoption by IT organizations 

(Gartner, 2018). Following the guidelines of Kim et al. (2014), widespread considered in the 

industry to be the most important book for companies that wish to become DevOps, I proposed 

the definition of an ideal DevOps organization, which would be score high in in all the enabling 

factors, and thus be more competitive in today’s market. However, many organizations still 

prefer to create a specific philosophy using some of DevOps values, as managers believe that this 

will suit their organization better. This in turn could lead to misleading results, as this approach 

may fail to attend to vital parts of why DevOps works. As previously discussed, the synergy 

between all the enablers, and different departments of the IT department, is a big part of why 

DevOps works. 

 This research follows Venkatraman (1989) and Wu et al. (2015) by taking a mediation 

approach between the ideal DevOps organization profile and the relationship between Delivery 

Approach and IT Outcomes. Wu et al (2015) proposed a similar relationship by addressing IS 
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Strategic Alignment as a Mediator between IT governance mechanisms and organizational 

performance. I chose this mediation perspective as a way to address the perception of DevOps as 

broadly shared by the industry, in an effort to see if IT managers would perceive being aligned 

with this ideal definition of DevOps as an impactful factor in their decision to increase 

competitiveness in the manager’s organization. While the data does not point to a full mediation 

between the ideal DevOps profile and the relationship between Delivery Approach and IT 

Outcomes, it does show that increases the strength of this relationship. This indicates that 

companies would probably be more favorable towards fully embracing DevOps in the 

organization, and by making efforts to pursue this ideal DevOps profile, as opposed to partially 

invest in any technological enabler associated with DevOps or only adopting some part of the 

methodologies or culture in their organization. There is a mediation effect in the sense that a 

mature development in DevOps and all its factors synergistically will increase the likeliness of 

the organization reaching better IT Outcomes. 

Practical Implications 

The research findings also provide certain implications for practice. First, ignoring 

DevOps as an impactful and meaningful change, not only to companies that wish to increase 

performance, but also to organizations that want to adapt to the 21st century, is to ignore 

important changes in the way organizations work today. While organizations that focus on 

planning, hierarchy and bureaucracy are still the majority, IT companies must acknowledge and 

adapt if they wish to remain competitive in an increasingly dynamic scenario. 

Secondly, it is also important to note the role of the enabling factors for organizations that 

wish to adapt to a DevOps philosophy. While Culture had a larger effect in the Delivery 

Approach, the model still is aligned with the previous literature in the importance of the holistic 

adoption of DevOps. The organization that makes the effort of investing in qualifying 

Technological capabilities, and mostly Managerial capabilities and a Generative Culture are the 

ones that are most likely to be prepared to adapt to the constant changes brought upon IT 

companies due to an over dynamic and competitive market. The results support the effectiveness 

of an organization aligned with the DevOps ideals in not only surviving in this market, but also 

thriving on it. 
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Baker et al. (2011) and Wu et al. (2015) both discuss the importance of strategic 

alignment as a competitive factor for companies inside an IS context. This research intends to 

expand on this argument by acknowledging similarities between adopting DevOps and 

developing a form of strategic alignment, thus proposing the argument for the need of both CIOs 

and CEOs to understand the importance of a organization-wide adoption of DevOps, as the 

organization’s leadership play a vital role in the successful adoption of any strategy, may it be 

DevOps or not. 

The importance of Culture in enabling the values of DevOps to develop in the company 

cannot be overstated. As proposed by Leidner & Kayworth (2006), culture plays a vital role in 

most organizational relationships in an IT context. This research shows how much influence 

Culture has in enabling, even indirectly, IT outcomes. For decision makers, it means that the 

organization must invest as much as possible to create an environment that I called here 

Generative, where the organization seeks open and transparent communication, supports 

innovation, seeks to close gaps between different departments, and treats failure as a learning 

process. It should be said that this is easier said than done, as most organizations have high levels 

of cultural conflicts, and any improvements in that sense take time and constant efforts. 

Overall, the findings related to performance indicate an important role played by 

Delivery Approach. While Delivery Approach may still be a construct in its infancy, this 

research indicates that managers should be involved with the daily operations of the company, 

and have at least a general understanding of all the different steps of software delivery, in order 

to be able to communicate effectively with all sides of the IT organization (i.e. Development, 

Operations, Quality Assurance, Security etc.). Thus, this research appoints to the growing need 

for managers that have not only high team managing and business skills, but also some 

understanding of operational tasks and code development. Only then, will the manager be 

prepared to adopt DevOps in a mature and promising level. 

 

 

Limitations and Future Research 
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 There are several limitations to this study to guide future research. First, the research 

findings relied on self-reporting data from a few key (i.e. IT managers mostly, but also some 

analysts) informants in the IT department of each organization. While I believe that the 

informants possessed enough knowledge about the organization and the Software Delivery 

Process, there is a limit to how much an individual can contribute in terms of the organization 

context in which she is inserted. Some Factors, specially Culture, exist in an organizational 

context and are hard to capture, and using the individual as a proxy to understand Culture is 

viable, but not always desired. Measures of some key variables of this study may have higher 

reliability when answered by numerous members, may they be senior management or not, of the 

organization.  

 Second, given that I used cross-sectional data to evaluate the impact of Delivery 

Approach on IT Outcomes, with alignment with the ideal DevOps as a mediator, it would be 

useful to conduct longitudinal research on the long-term impact of DevOps and its consequences. 

Such research could provide valuable insights into the lagged influence of DevOps on IT 

performance over time. This was not possible due to constraints of the research itself, but also 

because DevOps is a relatively new phenomena, with most companies only recently deciding to 

openly adopt DevOps. 

Third, this study uses a methodology that has shown a few shortcomings. Investigating 

this kind of organizational phenomena is complicated using any methods, nonetheless. A 

drawback is in the study of Culture. For example, a study of an organization into their cultural 

factor can lead to deeper findings if grounded theory approach is used partnered with a case 

study investigation, I would also miss the added knowledge of investigating a great number of 

different organizations instead of just a few allowed by the case study approach. Another 

limitation is that the research was conducted in only one country, United States, thereby limiting 

the generalizability across borders. This also allowed the researcher to not account for other 

types of Culture that could influence in the adoption of DevOps, such as national culture. While 

there is no reason that national culture could play a role in DevOps adoption, it could be 

reasoned that power-centric cultures (Weill and Ross 2004) could generate more conflict in 

organizations when adopting open and transparent philosophies such as DevOps.  
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 Fourth, on this topic, because most organizations are taking a positive stance towards the 

DevOps approach, it is easier to approach pro-DevOps organizations to complete the survey. 

While that still allows me to carry out this research, there is a lot of information on the side of 

organizations that do not see DevOps as any kind of advantage. Simply a few of the participating 

respondents seem to perceive DevOps as something that could potentially be harmful to the 

company, which indeed is a possible outcome. In a sense, this research does not focus on the 

conflict of DevOps, which in turn opens a window of opportunity towards research on the 

downside and conflicts created by a DevOps adoption. 

 Finally, as an explorative study, this research presents new factors and measurement 

items with the intention of generating knowledge about a new phenomenon. While I tried to map 

as many steps as necessary for the theoretical and practical development of the factors and the 

item, as any new object in research they are still flawed and in need of improvement. Replicating 

this work will allow for a greater reliability and better validation. The factor Delivery Approach 

was specially developed for this research as an effort to bridge the gap between the enablers of 

DevOps and the measurable IT Outcomes. There is support in the DevOps and Continuous 

Delivery (Kim et al. 2014) literature for the supporting arguments for the creation of this factor. 

However, there is not enough support in the current IS literature that would help justify such a 

factor. As so, more research on the Delivery Approach factor is encouraged.  

Conclusion 

 DevOps is still a neglected phenomenon in IS studies, one that has been starting to gather 

more and more attention, mostly due to the widespread appeal that has had in the industry. 

Empirical studies in this topic are still scarce and fail to address most of the organizational issues 

related to DevOps. Not only that, but there has not been a lot of IS research directed at the 

process of Delivering Software that recognizes new paradigms in the field. The main purpose of 

this research has been to investigate this important research domain by consolidating existing 

knowledge about the Software Delivery Process, IT Culture and IT Organizational Capabilities 

(i.e. Technological and Managerial Factors) and relating it to the new software delivery 

philosophy called DevOps. I propose a nomological model to interpret how IT measurable 

Outcomes are affected by the adoption of DevOps, which in turn is enabled by three different 

factors, Technology, Management, and Culture. I also provide more guidance on how the 
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alignment between the ideal DevOps and the Delivery Approach Factor can better enhance the 

effectiveness of the IT department through improvement in the IT Outcomes. 

 This work indicates that DevOps is a philosophy that should be accounted for when 

delivering software. DevOps also provides an institutionalized context in which culture is an 

important enabling factor for organizations that want to be more effective in their IT delivery. 

The research theoretically proposes and empirically validates a nomological model which links 

DevOps to its enablers and outcomes, allowing for organizations to finally have a holistic view 

of the impact of DevOps to the organization. 
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APPENDIX 

 

EFA ITEM LOADINGS 

 The EFA analysis was conducted in three different statistical software, to see if they 

would give similar, and thus more reliable, results. In the table below is the respective loading 

for each item in an individual factor using three different software. 

Item PLS 3.0 R SPSS 

TEC.AT01 0.792 >.5 0.738 

TEC.AT02 0.764 >.5 0.77 

TEC.AT03 0.712 >.5 0.617 

TEC.AT04 0.849 >.5 0.841 

TEC.AT05 0.527 .394 in one factor 0.33 

TEC.CC01 0.874 >.5 0.847 

TEC.CC02 0.877 >.5 0.848 

TEC.CC03 0.817 >.5 0.759 

TEC.CC04 0.76 >.5 0.708 

TEC.CC05 0.858 >.5 0.803 

        

MAN.LM01 0.772 >.5 0.696 

MAN.LM02 0.648 >.5 0.596 

MAN.LM03 0.809 >.5 0.751 

MAN.LM04 0.795 >.5 0.735 

MAN.LM05 0.867 >.5 0.819 

MAN.AG01 0.774 >.5 0.694 

MAN.AG02 0.439 .224 in one factor 0.293 

MAN.AG03 0.763 >.5 0.727 

MAN.AG04 0.824 >.5 0.805 

MAN.AG05 0.852 >.5 0.748 

        

CUL.CO01 0.846 >.5 0.784 

CUL.CO02 0.78 >.5 0.729 

CUL.CO03 0.865 >.5 0.837 

CUL.CO04 0.733 >.5 0.666 

CUL.CO05 0.699 >.5 0.626 

CUL.FA01 0.721 >.5 0.589 

CUL.FA02 0.625 >.5 0.498 

CUL.FA03 0.728 >.5 0.635 

CUL.FA04 0.719 >.5 0.659 

CUL.FA05 0.767 >.5 0.749 

CUL.BR01 0.778 >.5 0.784 
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CUL.BR02 0.822 >.5 0.81 

CUL.BR03 0.719 >.5 0.561 

CUL.BR04 0.869 >.5 0.796 

CUL.BR05 0.858 >.5 0.834 

CUL.NO01 0.773 >.5 0.697 

CUL.NO02 0.843 >.5 0.787 

CUL.NO03 0.795 >.5 0.735 

CUL.NO04 0.847 >.5 0.834 

CUL.NO05 0.866 >.5 0.843 

        

DEL.DO01 0.776 >.5 0.682 

DEL.DO02 0.842 >.5 0.802 

DEL.DO03 0.654 >.5 0.628 

DEL.DO04 0.822 >.5 0.768 

DEL.DO05 0.884 >.5 0.844 

DEL.CD01 0.768 >.5 0.73 

DEL.CD02 0.825 >.5 0.746 

DEL.CD03 0.828 >.5 0.762 

DEL.CD04 0.808 >.5 0.753 

DEL.CD05 0.763 >.5 0.723 

    

OUT.DF 0.902 >.5 0.699 

OUT.LT 0.871 >.5 0.742 

OUT.MTTR 0.785 >.5 0.721 

OUT.FO 0.811 >.5 0.822 

OUT.RE1 0.771 >.5 0.818 

OUT.RE2 0.816 >.5 0.688 

OUT.CR 0.910 >.5 0.774 

OUT.JS01 0.888 >.5 0.767 

OUT.JS02 0.843 >.5 0.799 

OUT.JS03 0.792 >.5 0.832 

OUT.JS04 0.745 >.5 0.818 

OUT.JS05 0.718 >.5 0.871 

    

ALG.TF 0.897 >.5 0.919 

ALG.MF 0.921 >.5 0.879 

ALG.CF 0.789 >.5 0.858 

ALG.DA 0.854 >.5 0.843 

DVO.MA 0.875 >.5 0.903 
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 As shown in the variance explained table from SPSS, the ideal number of components is 

between 10-14 (components after 14 were omitted due to not adding to the variance explained. 

This research uses 12 components or factors, meaning that it is in accord to the EFA. 

Total Variance Explained 

Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings 

Component Total 

% of 

Variance 

Cumulative 

% Total 

% of 

Variance 

Cumulative 

% Total 

% of 

Variance 

Cumulative 

% 

1 25.82 38.538 38.538 25.82 38.538 38.538 9.239 13.79 13.79 

2 3.797 5.666 44.204 3.797 5.666 44.204 8.619 12.863 26.654 

3 3.215 4.798 49.003 3.215 4.798 49.003 4.815 7.186 33.84 

4 2.385 3.559 52.562 2.385 3.559 52.562 4.439 6.625 40.465 

5 2.092 3.122 55.684 2.092 3.122 55.684 3.485 5.202 45.667 

6 1.857 2.772 58.456 1.857 2.772 58.456 3.471 5.181 50.848 

7 1.607 2.398 60.854 1.607 2.398 60.854 3.132 4.675 55.523 

8 1.471 2.195 63.049 1.471 2.195 63.049 2.677 3.995 59.518 

9 1.315 1.963 65.012 1.315 1.963 65.012 2.355 3.515 63.033 

10 1.268 1.893 66.905 1.268 1.893 66.905 1.52 2.269 65.302 

11 1.133 1.691 68.596 1.133 1.691 68.596 1.503 2.243 67.545 

12 1.131 1.688 70.285 1.131 1.688 70.285 1.459 2.177 69.722 

13 1.059 1.581 71.865 1.059 1.581 71.865 1.255 1.873 71.595 

14 1.045 1.559 73.425 1.045 1.559 73.425 1.226 1.829 73.425 

Extraction Method: Principal Component Analysis.       
 

Component Matrix 

Item 1 2 3 4 5 6 7 8 9 10 11 12 

TECAT01 0.49 0.42 0.07 -0.03 0.00 0.25 0.15 0.36 -0.09 0.18 -0.10 0.07 

TECAT02 0.45 0.51 0.13 -0.03 0.20 0.25 -0.10 0.17 0.02 0.17 0.10 -0.27 

TECAT03 0.46 0.45 0.02 -0.02 0.15 0.15 -0.09 -0.25 -0.33 0.27 0.03 0.20 

TECAT04 0.52 0.48 0.13 0.06 0.31 0.28 0.11 0.09 0.07 0.22 0.03 -0.14 

TECAT05 0.34 -0.07 0.46 -0.15 0.34 0.00 0.35 -0.06 0.02 0.19 0.14 0.01 

TECCC01 0.32 0.58 0.20 0.50 -0.02 -0.10 -0.05 0.06 -0.07 -0.07 0.08 -0.05 

TECCC02 0.37 0.53 0.28 0.46 0.07 -0.09 -0.09 -0.09 -0.08 0.11 0.10 -0.01 

TECCC03 0.36 0.46 0.29 0.45 0.02 -0.14 -0.16 0.02 -0.04 0.00 -0.21 0.14 

TECCC04 0.53 0.48 0.12 0.30 -0.10 -0.06 -0.08 0.22 -0.04 -0.05 -0.04 0.14 

TECCC05 0.30 0.56 0.30 0.41 -0.13 -0.27 -0.01 -0.03 -0.01 -0.08 -0.05 -0.12 

MANLM01 -0.07 0.08 0.63 0.00 0.07 -0.29 0.25 0.08 0.07 -0.16 -0.12 0.16 

MANLM02 -0.22 0.29 0.58 0.01 -0.16 -0.05 0.21 -0.11 0.11 -0.16 0.18 -0.08 

MANLM03 -0.05 0.18 0.67 -0.03 0.07 -0.22 -0.11 -0.20 -0.01 -0.18 0.04 0.19 

MANLM04 0.20 0.09 0.59 -0.28 0.09 -0.47 -0.12 0.00 -0.01 0.07 -0.02 -0.13 

MANLM05 0.15 0.13 0.65 -0.22 0.10 -0.50 0.03 -0.13 0.06 -0.01 0.04 -0.05 

MANAG01 -0.32 0.25 0.21 0.56 0.10 0.04 -0.02 0.11 0.31 -0.09 0.17 -0.07 

MANAG02 -0.02 -0.03 0.33 0.23 0.21 -0.03 0.22 0.36 -0.02 -0.21 0.23 0.35 
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MANAG03 -0.33 0.19 0.05 0.57 0.29 0.06 -0.24 0.22 0.16 -0.08 0.08 0.02 

MANAG04 -0.39 0.23 -0.03 0.63 0.03 0.05 -0.13 0.13 -0.05 0.00 -0.03 0.22 

MANAG05 -0.42 0.08 0.34 0.57 -0.13 -0.04 -0.25 0.05 0.03 0.05 -0.07 0.03 

CULCO01 -0.24 0.06 -0.16 0.05 0.70 -0.13 0.08 -0.10 0.23 0.17 0.01 -0.05 

CULCO02 -0.10 0.14 -0.29 -0.08 0.64 0.04 0.30 0.04 -0.05 0.04 0.08 0.02 

CULCO03 -0.08 0.13 -0.26 -0.15 0.72 -0.09 0.09 0.03 0.14 0.14 -0.06 0.00 

CULCO04 0.03 0.17 -0.23 -0.19 0.56 -0.14 -0.01 -0.25 0.17 0.27 -0.24 0.25 

CULCO05 0.01 0.08 0.06 -0.18 0.60 -0.47 0.03 0.03 0.18 0.08 0.18 -0.27 

CULFA01 -0.03 -0.14 -0.11 0.11 0.31 0.53 0.29 -0.22 0.06 0.25 -0.08 -0.16 

CULFA02 0.35 0.29 -0.11 -0.13 -0.01 0.48 0.18 -0.09 0.33 -0.18 0.01 -0.08 

CULFA03 0.25 -0.12 -0.01 0.04 0.46 0.47 -0.02 -0.13 0.17 -0.14 -0.10 0.10 

CULFA04 0.21 -0.27 -0.09 0.12 0.46 0.48 -0.02 -0.13 -0.02 0.10 -0.13 -0.14 

CULFA05 0.08 0.10 -0.12 0.10 0.40 0.54 0.03 -0.34 0.01 -0.38 -0.06 -0.15 

CULBR01 0.30 0.07 -0.25 0.11 -0.02 -0.08 0.67 0.09 -0.09 -0.01 -0.27 -0.09 

CULBR02 0.16 0.17 -0.20 0.05 -0.12 -0.07 0.70 -0.14 -0.09 0.02 -0.22 0.11 

CULBR03 0.02 -0.19 0.15 0.03 -0.03 0.10 0.54 -0.19 -0.18 0.17 0.33 -0.07 

CULBR04 0.11 0.07 -0.09 0.15 -0.13 0.06 0.73 -0.03 -0.22 -0.14 0.25 -0.01 

CULBR05 0.06 0.08 -0.14 0.05 -0.02 0.02 0.77 0.01 -0.05 -0.01 -0.05 -0.07 

CULNO01 -0.06 0.06 -0.12 -0.18 0.07 0.03 -0.06 0.68 -0.17 -0.25 0.15 0.11 

CULNO02 -0.07 -0.11 -0.22 -0.07 -0.04 -0.03 -0.19 0.70 -0.27 0.06 0.02 -0.25 

CULNO03 0.31 -0.25 -0.19 -0.23 0.17 -0.19 0.09 0.57 -0.36 0.10 -0.03 0.03 

CULNO04 0.08 -0.12 -0.32 -0.19 0.20 -0.08 -0.02 0.64 -0.26 -0.02 0.02 -0.07 

CULNO05 0.11 -0.05 -0.36 -0.01 0.09 -0.05 0.04 0.66 -0.32 -0.09 0.14 -0.03 

DELDO01 0.05 -0.23 -0.01 0.04 -0.20 0.00 0.30 0.01 0.65 0.15 0.03 0.31 

DELDO02 0.02 -0.13 -0.14 0.05 -0.26 -0.08 0.12 -0.08 0.75 0.05 0.20 -0.07 

DELDO03 0.06 0.26 -0.19 -0.08 -0.07 0.18 -0.03 -0.27 0.61 -0.14 -0.03 0.19 

DELDO04 0.19 -0.09 0.05 -0.05 -0.17 -0.01 -0.18 0.00 0.74 0.20 -0.13 0.04 

DELDO05 0.02 -0.08 -0.02 -0.04 -0.12 0.09 0.02 -0.16 0.79 0.03 0.00 0.01 

DELCD01 0.08 0.11 -0.17 -0.08 -0.23 0.18 0.07 0.15 0.06 0.70 0.06 0.00 

DELCD02 -0.04 -0.23 -0.06 -0.04 -0.14 0.06 0.04 0.16 -0.09 0.73 0.03 -0.08 

DELCD03 0.00 -0.30 -0.03 -0.02 -0.10 0.01 -0.17 0.00 0.03 0.75 -0.07 -0.07 

DELCD04 -0.06 0.17 -0.18 -0.16 -0.11 0.12 -0.34 -0.02 -0.10 0.68 -0.11 -0.02 

DELCD05 -0.21 0.20 -0.24 -0.05 -0.10 0.13 -0.14 0.03 -0.06 0.67 -0.15 -0.16 

ALGTF -0.17 -0.28 0.17 0.01 -0.01 0.04 0.21 0.13 0.11 -0.21 0.70 0.00 

ALGMF -0.08 -0.23 0.20 0.12 0.02 -0.07 -0.05 0.07 0.02 -0.23 0.73 -0.12 

ALGCF -0.25 -0.32 0.14 -0.01 0.06 0.04 0.01 0.13 -0.03 -0.05 0.73 -0.07 

ALGDA -0.21 -0.31 0.23 0.14 -0.04 -0.01 0.03 0.18 0.06 -0.07 0.74 -0.10 

DVOMA -0.13 -0.28 0.35 0.09 -0.05 0.04 0.03 0.00 0.01 0.15 0.69 -0.04 

OUTDF 0.02 -0.27 0.49 -0.17 -0.01 0.08 0.10 -0.05 -0.15 -0.05 -0.09 0.54 

OUTLT -0.04 -0.15 0.48 -0.11 -0.01 0.10 -0.03 -0.12 -0.05 -0.03 0.10 0.59 

OUTMTTR 0.16 -0.22 0.39 -0.14 0.05 0.02 0.05 -0.32 -0.12 -0.07 0.05 0.55 

OUTFO 0.02 -0.18 0.25 -0.01 -0.29 0.03 -0.17 -0.12 0.02 -0.01 0.15 0.61 

OUTRE1 0.05 -0.20 0.17 0.15 -0.15 0.24 0.11 -0.05 -0.05 0.00 0.04 0.72 
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OUTRE2 0.01 -0.14 0.21 0.00 -0.22 0.26 -0.08 0.00 -0.01 0.03 -0.03 0.72 

OUTRE3 0.04 -0.08 0.09 -0.08 -0.29 0.17 -0.18 -0.05 0.03 -0.06 0.00 0.65 

OUTJS01 0.14 -0.25 -0.33 0.27 0.09 -0.03 -0.12 0.00 0.22 0.07 0.27 0.57 

OUTJS02 0.16 -0.28 -0.26 0.26 0.18 -0.07 -0.06 0.14 0.19 -0.03 0.10 0.66 

OUTSJ03 0.05 -0.31 -0.22 0.25 0.23 -0.06 -0.26 0.09 0.15 -0.03 0.10 0.66 

OUTSJ04 0.21 -0.32 -0.17 0.18 0.31 -0.06 -0.36 0.07 0.00 0.23 0.02 0.50 

OUTSJ05 -0.10 -0.27 -0.19 0.18 -0.15 0.16 -0.08 0.18 0.16 0.12 0.13 0.64 

Extraction Method: Principal Component Analysis.        
 

POWER ANALYSIS 

 

Estimating minimum sample size: Change the values in the yellow cells to obtain the values in the green cells 

   

T 1.645 (T ratio associated with P value threshold chosen) 

z 0.842 (z score associated with power level chosen) 

     

bmin 0.256 (Minimum absolute beta coefficient in model) 

     
N 

(EXPS+GAMM) 88 (Minimum required sample size: Exponential smoothing and gamma function methods) 

N (SQRT) 95 (Minimum required sample size: Square root method) 

   

P 0.050 P value threshold for significance 

W 0.800 Power level chosen 

 

Monte Carlo simulation according to Aguirre-Urreta and Ronkko (2015): 

Lavaan code for R created using Onyx software: 

# 

# This model specification was automatically generated by Onyx 

# 

library(lavaan); 

modelData <- read.table(DATAFILENAME, header = TRUE) ; 

 model<-" 

! regressions  

   Alignment=~1.0*ALG_TF 

   Alignment=~1.0*ALG_MF 

   Alignment=~1.0*ALG_CF 
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   Alignment=~1.0*ALG_DA 

   Alignment=~1.0*ALG_DO 

   IT_Outcomes=~1.0*OUT_DF 

   IT_Outcomes=~1.0*OUT_MTTR 

   IT_Outcomes=~1.0*OUT_RE01 

   IT_Outcomes=~1.0*OUT_LT 

   IT_Outcomes=~1.0*OUT_FO 

   IT_Outcomes=~1.0*OUT_RE02 

   IT_Outcomes=~1.0*OUT_CR 

   IT_Outcomes=~1.0*OUT_JS01 

   IT_Outcomes=~1.0*OUT_JS02 

   IT_Outcomes=~1.0*OUT_JS03 

   IT_Outcomes=~1.0*OUT_JS04 

   IT_Outcomes=~1.0*OUT_JS05 

   Delivery_Approach=~1.0*DO01 

   Delivery_Approach=~1.0*CD01 

   Delivery_Approach=~1.0*CD02 

   Delivery_Approach=~1.0*CD03 

   Delivery_Approach=~1.0*CD04 

   Delivery_Approach=~1.0*CD05 

   Delivery_Approach=~1.0*DO02 

   Delivery_Approach=~1.0*DO03 

   Delivery_Approach=~1.0*DO04 

   Delivery_Approach=~1.0*DO05 

   Culture=~1.0*CO02 

   Culture=~1.0*CO04 

   Culture=~1.0*CO01 

   Culture=~1.0*CO03 

   Culture=~1.0*CO05 

   Culture=~1.0*FA01 

   Culture=~1.0*FA02 

   Culture=~1.0*FA03 
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   Culture=~1.0*BR01 

   Culture=~1.0*BR02 

   Culture=~1.0*BR03 

   Culture=~1.0*FA04 

   Culture=~1.0*FA05 

   Culture=~1.0*BR04 

   Culture=~1.0*BR05 

   Culture=~1.0*NO01 

   Culture=~1.0*NO02 

   Culture=~1.0*NO03 

   Culture=~1.0*NO04 

   Culture=~1.0*NO05 

   Management=~1.0*LM01 

   Management=~1.0*LM02 

   Management=~1.0*LM03 

   Management=~1.0*LM04 

   Management=~1.0*LM05 

   Management=~1.0*AG02 

   Management=~1.0*AG04 

   Management=~1.0*AG01 

   Management=~1.0*AG03 

   Management=~1.0*AG05 

   Technology=~1.0*CC02 

   Technology=~1.0*CC01 

   Technology=~1.0*AT02 

   Technology=~1.0*AT01 

   Technology=~1.0*AT03 

   Technology=~1.0*AT04 

   Technology=~1.0*AT05 

   Technology=~1.0*CC03 

   Technology=~1.0*CC04 

   Technology=~1.0*CC05 
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   Technology=~0.5*Delivery_Approach 

   Management=~0.5*Delivery_Approach 

   Culture=~0.5*Delivery_Approach 

   Delivery_Approach=~0.5*Alignment 

   Delivery_Approach=~0.5*IT_Outcomes 

   Alignment=~0.5*IT_Outcomes 

! residuals, variances and covariances 

   Technology ~~ VAR_Technology*Technology 

   Management ~~ VAR_Management*Management 

   Culture ~~ VAR_Culture*Culture 

   Delivery_Approach ~~ VAR_Delivery_Approach*Delivery_Approach 

   AT01 ~~ VAR_AT01*AT01 

   Alignment ~~ VAR_Alignment*Alignment 

   IT_Outcomes ~~ VAR_IT_Outcomes*IT_Outcomes 

   AT03 ~~ VAR_AT03*AT03 

   AT04 ~~ VAR_AT04*AT04 

   AT02 ~~ VAR_AT02*AT02 

   AT05 ~~ VAR_AT05*AT05 

   CC03 ~~ VAR_CC03*CC03 

   CC01 ~~ VAR_CC01*CC01 

   CC02 ~~ VAR_CC02*CC02 

   CC04 ~~ VAR_CC04*CC04 

   CC05 ~~ VAR_CC05*CC05 

   LM03 ~~ VAR_LM03*LM03 

   LM01 ~~ VAR_LM01*LM01 

   LM02 ~~ VAR_LM02*LM02 

   LM04 ~~ VAR_LM04*LM04 

   LM05 ~~ VAR_LM05*LM05 

   AG01 ~~ VAR_AG01*AG01 

   AG02 ~~ VAR_AG02*AG02 

   AG03 ~~ VAR_AG03*AG03 

   AG04 ~~ VAR_AG04*AG04 
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   AG05 ~~ VAR_AG05*AG05 

   CO01 ~~ VAR_CO01*CO01 

   CO03 ~~ VAR_CO03*CO03 

   CO02 ~~ VAR_CO02*CO02 

   CO04 ~~ VAR_CO04*CO04 

   CO05 ~~ VAR_CO05*CO05 

   FA01 ~~ VAR_FA01*FA01 

   FA02 ~~ VAR_FA02*FA02 

   FA03 ~~ VAR_FA03*FA03 

   FA04 ~~ VAR_FA04*FA04 

   FA05 ~~ VAR_FA05*FA05 

   BR01 ~~ VAR_BR01*BR01 

   BR02 ~~ VAR_BR02*BR02 

   BR03 ~~ VAR_BR03*BR03 

   BR04 ~~ VAR_BR04*BR04 

   BR05 ~~ VAR_BR05*BR05 

   NO01 ~~ VAR_NO01*NO01 

   NO04 ~~ VAR_NO04*NO04 

   NO02 ~~ VAR_NO02*NO02 

   NO05 ~~ VAR_NO05*NO05 

   NO03 ~~ VAR_NO03*NO03 

   CD01 ~~ VAR_CD01*CD01 

   CD02 ~~ VAR_CD02*CD02 

   CD03 ~~ VAR_CD03*CD03 

   CD04 ~~ VAR_CD04*CD04 

   CD05 ~~ VAR_CD05*CD05 

   DO01 ~~ VAR_DO01*DO01 

   DO03 ~~ VAR_DO03*DO03 

   DO02 ~~ VAR_DO02*DO02 

   DO04 ~~ VAR_DO04*DO04 

   DO05 ~~ VAR_DO05*DO05 

   ALG_CF ~~ VAR_ALG_CF*ALG_CF 
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   ALG_DA ~~ VAR_ALG_DA*ALG_DA 

   ALG_DO ~~ VAR_ALG_DO*ALG_DO 

   ALG_MF ~~ VAR_ALG_MF*ALG_MF 

   ALG_TF ~~ VAR_ALG_TF*ALG_TF 

   OUT_DF ~~ VAR_OUT_DF*OUT_DF 

   OUT_LT ~~ VAR_OUT_LT*OUT_LT 

   OUT_MTTR ~~ VAR_OUT_MTTR*OUT_MTTR 

   OUT_FO ~~ VAR_OUT_FO*OUT_FO 

   OUT_RE01 ~~ VAR_OUT_RE01*OUT_RE01 

   OUT_JS01 ~~ VAR_OUT_JS01*OUT_JS01 

   OUT_JS02 ~~ VAR_OUT_JS02*OUT_JS02 

   OUT_JS03 ~~ VAR_OUT_JS03*OUT_JS03 

   OUT_JS04 ~~ VAR_OUT_JS04*OUT_JS04 

   OUT_JS05 ~~ VAR_OUT_JS05*OUT_JS05 

   OUT_RE02 ~~ VAR_OUT_RE02*OUT_RE02 

   OUT_CR ~~ VAR_OUT_CR*OUT_CR 

   Technology ~~ 0.0*Management 

   Technology ~~ 0.0*Culture 

   Technology ~~ 0.0*Alignment 

   Technology ~~ 0.0*IT_Outcomes 

   Management ~~ 0.0*Culture 

   Management ~~ 0.0*Alignment 

   Management ~~ 0.0*IT_Outcomes 

   Culture ~~ 0.0*Alignment 

   Culture ~~ 0.0*IT_Outcomes 

! observed means 

   AT01~1; 

   AT03~1; 

   AT04~1; 

   CC01~1; 

   CC02~1; 

   AT05~1; 
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   AT02~1; 

   CC03~1; 

   CC04~1; 

   AG01~1; 

   CC05~1; 

   LM01~1; 

   LM02~1; 

   LM04~1; 

   LM03~1; 

   LM05~1; 

   AG02~1; 

   AG03~1; 

   AG04~1; 

   AG05~1; 

   CO01~1; 

   CO03~1; 

   CO02~1; 

   CO04~1; 

   CO05~1; 

   FA01~1; 

   FA02~1; 

   FA03~1; 

   FA04~1; 

   FA05~1; 

   BR01~1; 

   BR02~1; 

   BR03~1; 

   BR04~1; 

   BR05~1; 

   NO01~1; 

   NO04~1; 

   NO02~1; 
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   NO05~1; 

   NO03~1; 

   CD01~1; 

   CD02~1; 

   CD03~1; 

   CD04~1; 

   CD05~1; 

   DO01~1; 

   DO03~1; 

   DO02~1; 

   DO04~1; 

   DO05~1; 

   ALG_CF~1; 

   ALG_DA~1; 

   ALG_DO~1; 

   ALG_MF~1; 

   ALG_TF~1; 

   OUT_DF~1; 

   OUT_LT~1; 

   OUT_MTTR~1; 

   OUT_FO~1; 

   OUT_RE01~1; 

   OUT_JS01~1; 

   OUT_JS02~1; 

   OUT_JS03~1; 

   OUT_JS04~1; 

   OUT_JS05~1; 

   OUT_RE02~1; 

   OUT_CR~1; 

"; 

result<-lavaan(model, data=modelData, fixed.x=FALSE, missing="FIML"); 

summary(result, fit.measures=TRUE); 
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R code used: 

library(matrixpls) 

output <- matrixpls.sim(1000, model, n=100, multicore = TRUE, completeRep = TRUE) 

output <- matrixpls.sim(1000, model, n=100, indDist = distributions, 

multicore = TRUE, completeRep = TRUE) 

summary(output) 

 

R output available below: 

Model Type       

[1] function       

========= Fit Indices Cutoffs ============    

 Alpha       

Fit Indices 0.1 0.05 0.01 0.001 Mean SD 

 srmr 0.334 0.339 0.353 0.362 0.311 0.017 

========= Parameter Estimates and Standard Errors ============  

 Estimate.Average Estimate.SD Average.SE Power..Not.equal.0

 Average.Param Average.Bias Coverage 

Alignment=~ALG_TF 0.82 0.04 0.04 0.85 0.80 -0.04 0.79 

Alignment=~ALG_MF 0.82 0.03 0.04 0.95 0.80 -0.08 0.82 

Alignment=~ALG_CF 0.82 0.04 0.04 0.92 0.80 0.12 0.90 

Alignment=~ALG_DA 0.82 0.04 0.04 0.88 0.80 0.04 0.89 

Alignment=~ALG_DO 0.82 0.04 0.04 0.97 0.80 -0.12 0.86 

IT_Outcomes=~OUT_DF 0.85 0.03 0.03 0.86 0.80 0.05 0.93 

IT_Outcomes=~OUT_MTTR 0.85 0.03 0.03 0.96 0.80 0.07 0.77 

IT_Outcomes=~OUT_RE01 0.85 0.03 0.03 0.98 0.80 0.06 0.87 

IT_Outcomes=~OUT_LT 0.84 0.03 0.03 0.99 0.80 0.11 0.89 

IT_Outcomes=~OUT_FO 0.85 0.03 0.03 0.91 0.80 -0.13 0.78 

IT_Outcomes=~OUT_RE02 0.84 0.03 0.03 0.85 0.80 -0.13 0.76 

IT_Outcomes=~OUT_CR 0.84 0.03 0.03 0.90 0.80 0.03 0.88 
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IT_Outcomes=~OUT_JS01 0.84 0.03 0.03 0.93 0.80 -0.05 0.86 

IT_Outcomes=~OUT_JS02 0.85 0.03 0.03 0.86 0.80 -0.08 0.90 

IT_Outcomes=~OUT_JS03 0.84 0.03 0.03 0.89 0.80 0.07 0.81 

IT_Outcomes=~OUT_JS04 0.84 0.03 0.03 0.98 0.80 -0.04 0.81 

IT_Outcomes=~OUT_JS05 0.85 0.03 0.03 0.88 0.80 0.05 0.86 

Delivery_Approach=~DO01 0.82 0.04 0.03 0.91 0.70 -0.08 0.93 

Delivery_Approach=~CD01 0.82 0.04 0.03 0.91 0.70 -0.02 0.84 

Delivery_Approach=~CD02 0.82 0.03 0.03 0.98 0.70 0.00 0.91 

Delivery_Approach=~CD03 0.82 0.03 0.03 0.88 0.70 0.11 0.75 

Delivery_Approach=~CD04 0.82 0.04 0.03 0.98 0.70 -0.03 0.80 

Delivery_Approach=~CD05 0.82 0.03 0.03 0.97 0.70 -0.09 0.87 

Delivery_Approach=~DO02 0.82 0.04 0.03 0.88 0.70 -0.10 0.90 

Delivery_Approach=~DO03 0.82 0.03 0.03 0.96 0.70 -0.12 0.84 

Delivery_Approach=~DO04 0.82 0.04 0.03 0.98 0.70 -0.06 0.95 

Delivery_Approach=~DO05 0.82 0.03 0.03 0.99 0.70 -0.15 0.82 

Culture=~CO02 0.72 0.05 0.05 0.89 0.60 0.04 0.78 

Culture=~CO04 0.72 0.05 0.05 0.89 0.60 -0.01 0.84 

Culture=~CO01 0.72 0.05 0.05 0.94 0.60 0.12 0.88 

Culture=~CO03 0.72 0.05 0.05 0.89 0.60 -0.11 0.80 

Culture=~CO05 0.72 0.05 0.05 0.93 0.60 0.00 0.86 

Culture=~FA01 0.72 0.05 0.05 0.96 0.60 0.00 0.92 

Culture=~FA02 0.72 0.05 0.05 0.95 0.60 0.12 0.77 

Culture=~FA03 0.72 0.05 0.05 0.93 0.60 0.07 0.81 

Culture=~BR01 0.72 0.05 0.05 0.89 0.60 -0.11 0.83 

Culture=~BR02 0.72 0.05 0.05 0.96 0.60 -0.11 0.78 

Culture=~BR03 0.72 0.05 0.05 0.97 0.60 -0.01 0.76 

Culture=~FA04 0.72 0.05 0.05 0.90 0.60 -0.13 0.93 

Culture=~FA05 0.72 0.05 0.05 0.96 0.60 -0.07 0.94 
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Culture=~BR04 0.72 0.05 0.05 0.91 0.60 0.12 0.83 

Culture=~BR05 0.72 0.05 0.05 0.86 0.60 0.14 0.85 

Culture=~NO01 0.72 0.05 0.05 1.00 0.60 0.09 0.77 

Culture=~NO02 0.72 0.05 0.05 0.86 0.60 0.05 0.92 

Culture=~NO03 0.72 0.05 0.05 0.92 0.60 -0.10 0.92 

Culture=~NO04 0.72 0.05 0.05 0.90 0.60 0.08 0.94 

Culture=~NO05 0.72 0.05 0.05 0.99 0.60 0.12 0.89 

Management=~LM01 0.74 0.05 0.05 0.92 0.70 -0.10 0.94 

Management=~LM02 0.74 0.05 0.05 0.87 0.70 0.06 0.91 

Management=~LM03 0.74 0.05 0.05 0.97 0.70 0.05 0.77 

Management=~LM04 0.74 0.05 0.05 0.97 0.70 -0.14 0.86 

Management=~LM05 0.74 0.05 0.05 0.87 0.70 0.13 0.75 

Management=~AG02 0.74 0.05 0.05 0.93 0.70 0.13 0.90 

Management=~AG04 0.74 0.05 0.05 0.93 0.70 -0.06 0.93 

Management=~AG01 0.74 0.05 0.05 0.94 0.70 -0.01 0.83 

Management=~AG03 0.74 0.05 0.05 0.93 0.70 -0.02 0.94 

Management=~AG05 0.74 0.05 0.05 0.98 0.70 0.13 0.94 

Technology=~CC02 0.74 0.05 0.05 0.95 0.70 0.11 0.91 

Technology=~CC01 0.74 0.05 0.05 0.88 0.70 -0.10 0.95 

Technology=~AT02 0.74 0.05 0.05 0.85 0.70 0.00 0.87 

Technology=~AT01 0.74 0.05 0.05 0.88 0.70 -0.09 0.88 

Technology=~AT03 0.74 0.05 0.05 0.94 0.70 0.08 0.93 

Technology=~AT04 0.74 0.05 0.05 0.93 0.70 0.06 0.82 

Technology=~AT05 0.74 0.05 0.05 0.94 0.70 0.07 0.89 

Technology=~CC03 0.74 0.05 0.05 0.96 0.70 0.10 0.89 

Technology=~CC04 0.74 0.05 0.05 0.85 0.70 -0.04 0.82 

Technology=~CC05 0.74 0.05 0.05 1.00 0.70 -0.05 0.89 

Number of replications = 1000 
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Number of converged replications = 1000 

Number of nonconverged replications: 

1. Nonconvergent Results = 0 

2. Nonconvergent results from multiple imputation = 0 

3. At least one SE were negative or NA = 0 

4. At least one variance estimates were negative = 0 

5. At least one correlation estimates were greater than 1 or less than -1 = 0 

 

ORIGINAL MODEL CREATED USING SMARTPLS 3.0 STATISTICAL TOOL 
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CORRELATION ON ALL THE FACTORS (SMARTPLS) 

 

 

Factor Aut Cloud Tech Lean Agile Manag Coop Failure Bridg Novelty Culture DO CD Del Align Measur Job S IT Out 

Automation 1.00 0.56 0.85 0.50 0.57 0.59 0.49 0.46 0.52 0.41 0.55 0.46 0.47 0.49 0.39 0.43 0.27 0.41 

Cloud 0.56 1.00 0.91 0.53 0.42 0.53 0.46 0.37 0.54 0.34 0.50 0.48 0.46 0.49 0.46 0.46 0.36 0.48 

Technology 0.85 0.91 1.00 0.59 0.55 0.63 0.53 0.46 0.60 0.42 0.59 0.53 0.53 0.56 0.49 0.50 0.36 0.51 

Lean 0.50 0.53 0.59 1.00 0.62 0.91 0.73 0.50 0.67 0.64 0.75 0.67 0.63 0.69 0.59 0.56 0.49 0.60 

Agile 0.57 0.42 0.55 0.62 1.00 0.88 0.60 0.46 0.52 0.55 0.63 0.57 0.62 0.63 0.53 0.58 0.38 0.56 

Managerial 0.59 0.53 0.63 0.91 0.88 1.00 0.75 0.54 0.67 0.67 0.77 0.70 0.70 0.74 0.63 0.64 0.48 0.65 

Cooperation 0.49 0.46 0.53 0.73 0.60 0.75 1.00 0.54 0.74 0.66 0.87 0.76 0.72 0.78 0.57 0.54 0.57 0.63 

Failure 0.46 0.37 0.46 0.50 0.46 0.54 0.54 1.00 0.60 0.57 0.76 0.57 0.56 0.60 0.55 0.51 0.57 0.61 

Bridging 0.52 0.54 0.60 0.67 0.52 0.67 0.74 0.60 1.00 0.70 0.90 0.76 0.76 0.80 0.66 0.63 0.59 0.70 

Novelty 0.41 0.34 0.42 0.64 0.55 0.67 0.66 0.57 0.70 1.00 0.87 0.68 0.74 0.75 0.60 0.56 0.64 0.68 

Culture 0.55 0.50 0.59 0.75 0.63 0.77 0.87 0.76 0.90 0.87 1.00 0.82 0.82 0.86 0.70 0.66 0.69 0.77 

Alignment 0.39 0.46 0.49 0.59 0.53 0.63 0.57 0.55 0.66 0.60 0.70 0.71 0.69 0.74 1.00 0.77 0.63 0.81 

DO 0.46 0.48 0.53 0.67 0.57 0.70 0.76 0.57 0.76 0.68 0.82 1.00 0.80 0.95 0.71 0.72 0.65 0.79 

Cont. Del. 0.47 0.46 0.53 0.63 0.62 0.70 0.72 0.56 0.76 0.74 0.82 0.80 1.00 0.95 0.69 0.68 0.64 0.76 

Delivery 0.49 0.49 0.56 0.69 0.63 0.74 0.78 0.60 0.80 0.75 0.86 0.95 0.95 1.00 0.74 0.74 0.69 0.82 

Measur Out 0.43 0.46 0.50 0.56 0.58 0.64 0.54 0.51 0.63 0.56 0.66 0.72 0.68 0.74 0.77 1.00 0.53 0.91 

Job Sat. 0.27 0.36 0.36 0.49 0.38 0.48 0.57 0.57 0.59 0.64 0.69 0.65 0.64 0.69 0.63 0.53 1.00 0.84 

IT Out 0.41 0.48 0.51 0.60 0.56 0.65 0.63 0.61 0.70 0.68 0.77 0.79 0.76 0.82 0.81 0.91 0.84 1.00 
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SURVEY INSTRUMENT 

TEC.AT01 Automation tools are implemented in the company. 

TEC.AT02 The IT department uses automated testing tools in the software development process. 

TEC.AT03 Automating processes is encouraged inside the company. 

TEC.AT04 
Automation tools are used in different stages of software development, such as Build, Test, Deployment, Monitoring, 

Recovery and Infrastructure Automation. 

TEC.AT05 Most of the operational tasks in the IT Operations department are highly automated. 

TEC.CC01 Cloud computing supports the organization's operations. 

TEC.CC02 The software delivery process uses Cloud Computing to achieve better results. 

TEC.CC03 The company uses cloud computing tools, both in development and in operations. 

TEC.CC04 Cloud computing is an important technology for the long-term IT goals of the company. 

TEC.CC05 Cloud Computing technologies are fundamental to the way the IT department develops software. 

 

MAN.LM01 The company identifies each step in a business process and eliminates those steps that do not create value. 

MAN.LM02 The company is always seeking to create more value using fewer resources. 

MAN.LM03 
The company focuses on a long-term approach to work that systematically seeks to achieve small, incremental changes in 

processes to increase efficiency and quality. 

MAN.LM04 There are Lean Management characteristics in the software development process inside the company. 

MAN.LM05 The IT department uses Lean Management principles to support management. 

MAN.AG01 
Sustainable development, where sponsors, developers, and users should be able to maintain a constant pace indefinitely, is 

important to the software delivery process in the company. 

MAN.AG02 The company is willing to deviate from a plan in order to respond to change. 

MAN.AG03 Self-organizing teams and open communication are part of the software development process in the company. 

MAN.AG04 Agile practices are encouraged in the company. 

MAN.AG05 The company uses the Agile Methodological approach towards software development. 

 

CUL.CO01 There is a lot of cooperation between different IT departments, such as Development, Operations and Quality Assurance. 

CUL.CO02 There is shared responsibility for building, deploying and maintaining a software. 
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CUL.CO03 The creation of cross-functional teams is something that happens often and has the support of the company. 

CUL.CO04 Quality, availability, reliability and security are considered everyone's job. 

CUL.CO05 
Business analysts, developers, quality engineers, ops, security and other units cooperate on all stages of the software 

development process. 

CUL.FA01 When a mistake happens, responsibility is shared between the departments. 

CUL.FA02 When a mistake happens, the main focus is on solving the problem. 

CUL.FA03 When a mistake happens, the person responsible is not the only one held accountable. 

CUL.FA04 When a mistake happens, the IT department does not focus on blaming individuals for failures. 

CUL.FA05 Response to failure focuses on the conditions in which failure happens. 

CUL.BR01 There is encouragement for bridging between different departments of the company. 

CUL.BR02 Different teams are included in planning throughout the software delivery cycle. 

CUL.BR03 Different teams usually share the same workspace. 

CUL.BR04 Tools that support bridging between different departments are adopted. 

CUL.BR05 The company tries to break down silos and encourage bridging between departments. 

CUL.NO01 Experimentation is an essential part of the jobs of all departments involved in the software development process. 

CUL.NO02 There is support for new ideas and they are welcomed in the workplace. 

CUL.NO03 The employees have time during the workweek to work on new ideas. 

CUL.NO04 There is incentive to share ideas between colleagues. 

CUL.NO05 Top management supports the sharing of ideas between employees. 

 

DEL.DO01 The company's transition between Development and Operations is handled seamlessly. 

DEL.DO02 
The company aims to unify different IT departments such as Development and Operations into a cohesive software 

development process. 

DEL.DO03 The relationship between departments is vital in the software development process. 

DEL.DO04 The company has been effective in applying DevOps concepts. 

DEL.DO05 Development and Operations work together as proposed by the adoption of DevOps. 

DEL.CD01 Communication between development and operations teams is continuously evolving. 

DEL.CD02 The delivery process accommodates time for employees to work on innovation. 

DEL.CD03 Feedback between different IT departments is fast and effective. 
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DEL.CD04 The goal for the company’s IT department is to keep improving constantly. 

DEL.CD05 Continuous improvement in the software development process is vital in the company. 

 

ALG.TF The Technology in the company is in alignment with the Technology of the best DevOps companies in the market. 

ALG.MF 
The Management methods in the company is in alignment with the Management methods of the best DevOps companies in the 

market. 

ALG.CF The Culture in the company is in alignment with the Culture of the best DevOps companies in the market. 

ALG.DA 
The Delivery Approach in the company is in alignment with the Delivery Approach of the best DevOps companies in the 

market. 

DVO.MA The level of DevOps in the company is highly mature. 

 

OUT.DF The company has significantly more software deployments per month than the typical company in my industry. 

OUT.LT The company has significantly shorter lead times than the typical company in my industry. 

OUT.MTTR The company has significantly shorter MTTR (Mean-time-to-Recovery) than the typical company in my industry. 

OUT.FO The company has significantly smaller percentage of failed deployments than the typical company in my industry. 

OUT.RE1 The company delivers software consistently with more reliability than the typical company in my industry. 

OUT.RE2 The company has software significantly more dependable than the typical company in my industry. 

OUT.CR The company has significantly greater customer responsiveness than the typical company in my industry. 

OUT.JS01 Few employees intend to leave the organization in the near future. 

OUT.JS02 I perceive that most employees in my organization are content with their job role situation. 

OUT.JS03 I perceive that most employees in my organization are content with their current work situation. 

OUT.JS04 I perceive that most employees in my organization deal with a workload adequate to their expectations. 

OUT.JS05 I perceive that most employees in my organization approve of the DevOps approach. 
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