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Abstract

The expanding pace of business competitiveness and environment dynamic imposes rapid changes to
organizations, in many areas including Information Systems (IS), which is mainly responsible to ensure
the structural division of software development and system operation. Although the team structural
division, there is a need to maintain cohesion between them. DevOps is a collaborative and multidis-
ciplinary effort in software development to bridge the gap between the Development and Operation
teams. However, many organizations struggle with soft aspects of DevOps and also in breaking the
barrier that can be created by other parts of the organization to get on board. Ideally for successful
DevOps implementation collaboration and cooperation are needed, especially regarding management
support.

The research methodology used throughout this research was Design Science Research. Additionally,
to research method, Systematic Literature Review was performed in which the following results were
obtained: DevOps concepts (32), processes (9), practices (33), and roles (20). As a result of this, a
Process Reference Model (PRM) and Process Assessment Model (PAM) was developed and were the
foundation for the developed maturity model. A maturity model created was grounded on PRM and
PAM that provided a reliable tool for organizations to evaluate the maturity and provide guidance
to achieve higher levels of DevOps maturity. The artefact was demonstrated and evaluated in one
Organization. Therefore, the results point out that the proposed maturity model is a valuable instrument
for the organization.
Keywords: DevOps, Maturity Model, Process Assessment Model, Process Reference Model.

1. Introduction

For decades organizations have been looking for new
ways to improve their software development pro-
cesses to keep up with business and market de-
mands [1][2].In past decade DevOps, a new ap-
proach originated in the context of agile soft-
ware development movement combining develop-
ment and operations [3][4], but focusing on devel-
opment, quality assurance and operations aspects
[5], allowed the integration of development and op-
erations teams to achieve fast high-quality releases
[6][7][8], while agile practices are mainly focused on
rapid interactive development side aspects of IS and
little attention is given to the operations. How-
ever, successful implementation of DevOps benefits
greatly from taking agile approach of software de-
velopment process.

The approach to DevOps whose can be seen as
a cultural movement that aligns people, process,
and technology with a common objective of increas-
ing value and eliminate waste using some associ-
ated technologies [8] has strongly developed over
decades which is now widely adopted in software en-

gineering companies. This results in DevOps being
an integral part of Software Development Lifecycle
(SDLC). According to [9][10]asserted that DevOps
was “a conceptual framework which aims at be-
fitting IS development by integrating development
and operations in various ways”.

Maturity Model (MM) “offer organizations a sim-
ple but effective possibility to measure the quality
of their processes”[11], and it has been used as a
tool to assess the effectiveness of organizational pro-
cesses, capabilities or business intelligence.

Although the benefits that DevOps can bring to
development and operations, it might not be always
successful. This approach is not a simple straight-
forward task and involves the consideration of a set
of challenges such as organizational, communica-
tion patterns, process, and technical. According to
[12][13][14] organizational challenges may refer to
organizational culture, enterprise data models, IT
operating models, reward models, and risk alloca-
tion. Also the assessment methods for the maturity
models where the literature lacks detailed descrip-
tion, that prescribe how to assess the DevOps adop-
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tion process for organizations, so they can improve
their maturity incrementally [15].

The document consists of creating a process refer-
ence and process assessment model which together
form the DevOps maturity model based on ISO
3300xx family. Perform a SLR represents the first
step to create a process reference model which al-
low to identifying those processes that are closely
related to DevOps. After that, process assess-
ment model allow to assess the capability matu-
rity level of each process found by a Company and
then provide criteria and characteristics that need
to be fulfilled to reach a particular maturity level.
Once the foundation of the maturity components
are built and established, the maturity model will
be tested by realizing a self-assessment to the com-
pany adopting DevOps, in order to validate the pro-
posal. Therefore, this proposal represents a differ-
ent approach to DevOps maturity model and it is
structured following processes identified in the lit-
erature.

1.1. Research Problem
The DevOps phenomenon is gathering pace as more
organizations seek to leverage the benefits it can
potentially bring to software engineering functions.
This approach helps deliver value faster and con-
tinuously, reducing problems due to miscommu-
nication between team members and accelerating
problem resolution. It raises the questions about
the point of the time in which companies needs
to analyze the techniques and approaches followed
by them, regarding the implementation of DevOps,
and assess where they are standing in terms of adop-
tion, what capabilities they need to acquire, and
what tools can support along this process in order
to improve upon their performance.

MM has been used to assess adopted practices,
processes, capabilities (Capability Maturity Model)
or the business intelligence in the organization. A
Maturity Model for DevOps could be a very use-
ful metric to evaluate and analyze the tools, tech-
niques, and approaches followed by an organization
concerning DevOps.

Succinctly, the problem that we aim to address is
the lack of DevOps maturity model based on
the ISO standard to guide companies to as-
sess the maturity of their DevOps adoption,
by helping them assess their current DevOps
maturity and move it to a next maturity
level. This resulted in the following research ob-
jectives for this study:

RO1.Propose a DevOps maturity model to
assess the current state of DevOps adoption

in an organization.

RO2.Provide guidance to achieve higher
levels of DevOps maturity.

In order to design an effective and comprehensive
DevOps maturity model, it is necessary to research
the design context. Thus, major question was raised
to address the objective of this research.

RQ1. What is a suitable DevOps Maturity
framework for assessing the maturity of a
DevOps environment in any organization?

2. Research Method
For conducting and guide this research the Design
Science Research Methodology (DSRM), provides
a process model for doing research in Information
Systems and other applied resource disciplines, as
well as a mental model for reviewers to evaluate
researchers. [16].

DSRM comprises the following steps:
Problem and motivation identification – In

this section, we identify the importance and pur-
pose of the research problem. Therefore, we iden-
tified one problem that motivated this literature.
From the problem statement in chapter 1, it be-
came clear a need exist for DevOps maturity models
and frameworks, as well as more empirical studies
addressing the subject DevOps in general.

Define the objectives for a solution – A ma-
turity model will be created as described in section
9 to address the identified problem. The solution
will consist of a literature review and experts vali-
dation of the maturity model.

Design and development – The design of the
model consists of three steps. First, identification
of the DevOps processes by the literature review
(section 4). Secondly, the process reference model
is created based on the identified DevOps processes.
Finally, process assessment is created according to
the existent PRM as it is described in section 9.

Demonstration - The newly created DevOps
maturity model is used for self -ssessment in Com-
pany A, for measuring the maturity of the respec-
tive DevOps implementation. This will provide in-
sights into the applicability of the model.

Evaluation - Observe and measure how well an
artefact supports a solution to the problem, com-
paring the objectives to the results observed from
the use of the artefact in the demonstration.

Communication - The results of this study is
communicated in two manners; this research report
and the article derived from them.

3. Background
3.1. DevOps
The first usage of DevOps, a combination of de-
velopment and operation, stems from a presenta-
tion during the 2008 Agile conference by Debois
and Shafers [17]. Even though this is more than
a decade ago it seems that research on DevOps is
still in its infancy [18]. Therefore, studies tried to
define DevOps:
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“DevOps is a collaborative and multidisciplinary
effort within an organization to automate continu-
ous delivery of new software versions while guaran-
teeing their correctness and reliability.”[19]

“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.” [20]

3.2. Collaboration and Communication
The basic DevOps aspect of collaboration is the im-
plied collaboration between the Development and
Operation side of software engineering. Ghantous
and Gill literature research of 2017, researched this
more deeply and showed that collaboration and
communication is the most frequently mentioned
conceptual element to describe DevOps reaching 23
percents in overall of articles [14]. Lwakatare splits
this up in two main practices [17]: “Increasing the
scope of responsibilities” and “intensifying cooper-
ation and involvement in each other daily work.”

3.3. Automation
Automation underlines most of the practices that
constitute DevOps. According to the assumption
made by Humble in regard to DevOps: “achiev-
ing both frequent, reliable deployments and a stable
production environment” [17]. This can be achieved
by creating a continuous delivery process which con-
sists of continuous planning, integration, deploy-
ment, testing, and monitoring [21].

3.4. Culture
The Changeover to a new culture can be difficult,
however, Shamow described the focus on the change
of culture in companies is a necessity for adopting
DevOps [22]. Some of those changes, as described
by Shamow, are the importance for people inside
the company to know the seriousness of bypassing
the DevOps teams in crises, to not worry about spe-
cific tools and to provide full transparency between
groups.

3.5. Monitoring
Monitoring is multipurpose, it can be used by de-
velopers to make sure that the deploying software
is performing correctly and detect problems early
on, but also to prevent problems from arising. For
example, by monitoring the physical capabilities of
the system (CPU, memory, hard disk space) with
effective tools, this can prevent system crashes or
applications getting too slow by adding enough re-
sources before those issues occur.

3.6. Measurement
Measurement is very important for evaluating the
success of both the development and operation
teams. This can be achieved by monitoring high-
level and low-level metrics.

3.7. Maturity Model
A maturity model is a conceptual model that con-
sists of a sequence of discrete maturity levels for a
class of processes in one or more business domains.
It represents an anticipated, desire or typical evo-
lutionary path for these processes. They are com-
monly used as an instrument to conceptualize and
measure the maturity of an organization or a pro-
cess regarding some specific target state [23].

3.8. Capability Maturity Model Integration
The Capability Maturity Model Integration
(CMMI) model is an exception to most maturity
models, as much empirical evidence on this model
exists and the CMMI has been used as a frame-
work for many other models. The CMMI-based
process improvement resulted in better project
performance and higher quality products through
cost reduction, better scheduling of requirements,
better quality products, higher customer satisfac-
tion and higher return of investment as described
by Goldenson and Gibson based on their research
in 35 organizations [24][25].

3.9. Process Reference Model
Reference Model is an abstract framework for un-
derstanding significant relationships among the en-
tities of some environment that enables the de-
velopment of specific architectures using consistent
standards or specifications supporting that environ-
ment. it describes for a certain application domain
a set of processes. thus, each process is described
by its purpose and the associated process outcomes.

3.10. Process Assessment Model (PAM)
Relates to one or more Process Reference Models.
A PAM holds all details to determine process ma-
turity.

With the objective of performing an assessment,
the document ISO/IEC 33002 defines the minimum
set of requirements needed to achieve objectives,
and consistent results, to form a structure for the
assessment of process and the application of process
assessment

• facilitates self-assessment;

• provides a basis for use in process improvement
and capability determination;

• produces a process rating;

• addresses the ability of the process to achieve
its purpose;

• is applicable across all application domains and
sizes of organization;

• can provide an objective benchmark between
organizations.
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4. Systematic Literature Review
As described in section Research Methodology and
according to DSRM develop and design phase, it
was chosen to start a literature review on the ex-
istent DevOps concepts, practices, processes, and
roles to create a comprehensive overview of the con-
text of DevOps processes.

This section aims to present the SLR approach
[26][27], by following the proposed guidelines to
identify, analyze, and interpret all available and rel-
evant literature published in the context of DevOps
concepts, processes, practices, and roles. The SLR
method comprises three consecutive stages: plan-
ning, conducting, and reporting. Figure 1 illus-
trates the phases and activities comprised by the
SLR.

Figure 1: Research method phases and activities
[26]

In the initial phase, planning review, the first step
consists of identifying the need for a review. This
section focuses on the remaining planning phase,
which comprises the definition of the research ques-
tions and the development of the review protocol,
which outlines the procedures for the conducting
phase that includes the search process; the estab-
lishment of inclusion and exclusion criteria; quality
assessment instrument, and the data extraction and
synthesis strategy.

4.1. Research Questions
• RQ1: What are the DevOps concepts?

• RQ2: What are the DevOps processes?

• RQ3: What are the DevOps practices?

• RQ4: What are the DevOps roles?

4.2. Search Process
The review comprises the following well-known aca-
demic databases: ACM Library, AIS Library, IEE-
EXplore, Google Scholar, Research Gate, Semantic
Scholar, EBSCO.

The search conducted aims to find all literature,
having a focus on academic studies. The papers re-
turned were obtained by applying the search string
to the title and abstract in each digital library.

4.3. Inclusion and Exclusion criteria
For this section, the inclusion and exclusion criteria
were defined to filter the literature and identify the
most relevant ones for this work.

• Article not including key elements of search
string

• Empirical study included

• Clearly describes DevOps and its related con-
cepts

• Focusses on the processes, practices, and roles

4.4. Quality Assessment
For each selected paper a quality assessment was
conducted to appraise the relevance and quality of
their content.

The quality assessment of the selected articles
was based on the four questions defined in our re-
search. The scoring procedure was based on [26],
where each question could have the possible an-
swers: Yes (Y) =1 if the article answers to the ques-
tions with a 100 of certainty, partially (P) = 0.5 if
the article does not fully answer the questions, and
No (N) = 0 if the does not answer to any questions.

4.5. Findings
This section describes the results obtained by con-
ducting the SLR. The selection process was con-
ducted based on a set of steps described in figure
2.

Figure 2: Research method phases and activities
[26]

The search strategy applied at stage 1 of the re-
view resulted in 315 studies including the possible
set of duplicates. At stage 2, duplicates studies were
removed automatically and then reviewed manually
to ensure that no duplicates were left behind, allow-
ing to reduce the number of studies to 248. At stage
3, reviews were made to exclude studies based on
the titles, resulting in 215. At stage 4, reviews of all
219 abstracts and as result of this process 63 stud-
ies were selected. At the five and final stages, 63
studies were evaluated in detail focusing on the full
text, some of the studies were excluded ending up
with 30 primary studies.

As it is possible to notice in Figure 3, most of
the selected papers were from ACM Digital Library,
IEEE Xplore, Research Gate, followed by Springer
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Link. After that, AIS Electronic Library, Science
Direct and Semantic Scholar with the same number
of papers respectively.

Figure 3: Data sources of the selected papers

From Figure 4 is possible to observe the distri-
bution of the papers selected over the years and it
shows that 2017 is the year from which more papers
were selected for this research, this might indicate
that in this particular year there was an increase of
research in the field of DevOps.

Figure 4: Distribution of the selected papers over
the years

5. Concepts
For the concepts, studies explicitly using the term
DevOps concepts, are shown in table 4.4, which
presents a set of concepts and establish the compar-
ison of the often-mentioned concepts in the stud-
ied literature. Therefore, we can highlight Con-
tinuous Delivery, Automation, Automated Pipeline,
Communication and Collaboration, and Knowledge
Sharing as most mentioned.

6. Processes
The identified processes present a vast scope of what
could involve a DevOps adoption. When analyzing
the identified processes, it was possible to perceive
that there is no standard definition for DevOps pro-
cess according to [28], but a few different versions
and implementations have been provided by the lit-
erature, in which the process is composed of stages
that encompass software development and opera-
tion.

It is important to highlight the processes that
stood out for the number of times they were cited
by articles as Plan, Test, Release, Deploy, and Mon-
itor.

7. Practices

To analyze the practices proposed as DevOps prac-
tices in the literature we attempted to identify those
which have been explicitly presented as DevOps
practices. Which is possible to highlight Contin-
uous Delivery, Continuous Integration, Continuous
Deployment, Continuous Monitoring, and Continu-
ous Testing as the most cited.

8. Roles

From the carefully selected and reviewed literature,
it was possible to identify DevOps related roles
which are performed by different people in DevOps
process (stages), however, it does not mean that
they are all roles covering this subject. Therefore, it
is important to highlight that roles vary according
to the organizational structures. as the most fre-
quently cited roles, DevOps Engineer, Developer,
IT Manager, Network Administrator, and Cloud
Engineer.

9. DevOps Maturity Model Proposal
9.1. objectives

The main goal of this proposed solution is to de-
velop a maturity model to assess the current state
of DevOps adoption in the organization and pro-
vide instruction to achieve a higher level of DevOps
maturity.

In order to achieve this objective two tasks must
be completed:

• The creation of a Process Reference Model
(PRM)

• The creation of a Process Assessment Model
(PAM)

9.2. PRM for DevOps

The previous sections provide the necessary mate-
rial to create a first version of the DevOps maturity
model. In this case, it was chosen to use ISO/IEC
framework as a starting point, based on the argu-
ments given in the objectives section.

9.3. PAM for DevOps

PRM are always related to PAM which holds all in-
dicators to determine the maturity of the processes
of the reference model. In this section, we will cover
the processes identified and detailed regarding the
process assessment model adopted and what are the
conditions to achieve a certain maturity level for
each process.

The study resulted in the following processes that
are grouped into two major action fields Figure 6.
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Figure 5: PRM for Monitor

Figure 6: Process Reference Model (PRM) includ-
ing DevOps processes identified from our previ-
ous research effort and grouped by action fields.
Adapted from [29]

It is important to emphasize that PAM is a two-
dimensional model concerning the process dimen-
sion and capability dimension. The representation
of what constitutes the process dimension of the
PAM for eight processes are presented in the fol-
lowing figure.

Figure 7: PAM for Monitor

9.4. Maturity Model
According to the information provided by the PRM
and PAM, we create the first version of the DevOps
maturity model. In this case, it was chosen to use
the ISO/IEC 330xx family standard. Therefore, the
implementation of the model will help improve op-
erational efficiency and increase the visibility of the
processes. The strength of this model is that using
tools of ISO/IEC helped on the identification and
create the reference of the DevOps processes that

were used as the base for the following phases.

9.5. Maturity Levels
The aim of maturity levels is to classify organisa-
tions according to their ability to control their var-
ious processes. Therefore, they are defined on a
six-point ordinal scale that enables maturity to be
assessed from the bottom of the scale, Incomplete,
through to the top end of the scale, Innovating. The
scale represents increasing maturity of the imple-
mented process, from failing to achieve the process
purpose through to continually improving and able
to respond to organizational change.

Figure 8: Maturity Model

10. Demonstration
The objective of the DevOps maturity model is to
be applicable in real scenarios, thus it is important
to interview experts and practitioners in the De-
vOps field in which processes outcomes they think
are necessary and increase value for successful im-
plementation of DevOps in the organization.

Regarding the assessment, we met with Company
A’s DevOps team in order to perform the assess-
ment following PAM addressing all the processes
identified. Although PAM is carried out taking into
account process best practices, inputs, and outputs,
the assessment only took into account the process
purpose and outcomes as it was the first interaction
with the processes.

The interview taken with the experts followed
a questionnaire, but we could divert if something
came up that had to be explored further. The in-
terview was done in one round comprised of ques-
tions about DevOps and processes purpose and out-
comes associated with different stages of DevOps
processes. The data acquired would be very impor-
tant further to enrich the existent model, although
it was not possible to perform more rounds of in-
terviews.

The demonstration counted on the assessment of
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plan, code, build, test, release, deploy, operate, and
monitor. However, for this section we brought only
one example to give an overview of how the assess-
ment was performed.

10.1. Results
The meeting took about one hour and fifteen min-
utes, it started with a brief presentation of all par-
ticipants gathering some general data, like the back-
ground and years of experience of the interviewee.
Then a presentation of the framework was made
known, detailing high-level steps taken to achieve
it.

The next step following up the meeting was
framework assessment with two members of De-
vOps team of the Company A, and it was done
assessing each of processes purposes and outcomes
and evaluating them accordingly to the process at-
tribute rating scale defined by ISO/IEC 330xx fam-
ily. Figure 9 show the result obtained from the in-
terview.

Figure 9: Process Assessment Result

The first process that was assessed in the inter-
view was the Plan that is composed of six outcomes,
where we can observe the highest level obtained
was F and the lower was L. According to the in-
terviewee, the lowest levels are related to the non-
fulfilment of some activities that involve the out-
come by all teams involved in the process. The
interviewee explained this as;

”Not all features are planned at this stage and not
all project milestones are defined”

The second process regarding DevOps is the Op-
erate, which belongs to the major field of software
operation and monitoring. it is composed by seven
outcomes of which four obtained L as rating and the
other three obtained F. Although it could be con-
sidered as a good, improvements have to be made
to allow the fulfilment of all process outcomes. as
the interviewee said:

”Although we have this outcome implemented, we
are not mature enough to assure the complete

fulfilment of them. we still have to improve it”

11. Conclusions
To conduct this research, we followed DSRM pro-
cess, that comprises 6 phases of development. First,
we identified the problem, the lack of DevOps matu-
rity models to guide companies to assess the matu-
rity of their DevOps adoption. The main objectives
propose a DevOps maturity model to assess the cur-
rent state of DevOps adoption in an organization
and provide guidance to achieve higher levels of De-
vOps maturity. To address this problem, a litera-
ture review was conducted addressing DevOps con-
cepts, processes, practices, and roles and as result of
this, we found 32 concepts, 9 processes, 33 practices,
and 20 roles as it can be observed in tables 4.4, 4.6,
appendix, and 4.7. From this stands out the con-
cepts of automation, knowledge sharing, continuous
delivery, infrastructure as a code, communication
and collaboration as the most frequently cited ones;
Plan, Test, Release, Deploy, and Monitor for the
processes; Continuous Delivery, Continuous Inte-
gration, Continuous Deployment, Continuous Mon-
itoring, and Continuous Testing for practices; and
finally, as the most frequently cited roles, DevOps
Engineer, Developer, IT Manager, Network Admin-
istrator, and Cloud Engineer.

The SLR also allowed us to explore and bring
to this research the relation between DevOps pro-
cesses and some practices, as shown in figures 4.5,
and 4.6, as well as the relationship between prac-
tices and roles (figure 4.7). Thus, the identified De-
vOps processes were the foundation for PRM and
consequently served as the base for PAM.

Once the processes were identified through SLR,
thus constituting our PRM, we moved to PAM
where we had the processes Plan, Code, Build, Test,
Release, Deploy, Operate, and Monitor with their
respective details following the procedure and struc-
ture of ISO/IEC 330xx family standard.

11.1. Limitations
Regarding limitations, it was not possible to gather
enough information and present a robust conclu-
sion regarding specific topics, such as Outcomes,
since DevOps is a recent subject. The current re-
search cannot avoid biases since sources of literature
written in other languages were excluded and cer-
tain unavailability to find many studies addressing
all DevOps related subjects in electronic databases.
Since DevOps is recent, there are not a lot of ex-
perts in this area.

This research was meant to fill a gap that was
found during the literature review(chapter ??).
However, the resulting model does not achieve fully
its purpose, thus it was not possible to do more
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than one interaction that could have provided more
inputs to improve the existing outcomes and to the
evaluation model.

The lack of literature addressing the DevOps pro-
cesses made it very difficult to identify the base
practices, inputs, and outputs of each process. We
did our best to consult all results from the used
search keys, however, some were inaccessible due to
access restrictions. Certainly, it is not guaranteed
that the chosen search keys, sufficiently represented
the goal to retrieve all literature available on De-
vOps processes.

11.2. Future Work
This study has provided information about the De-
vOps maturity model and upon this creates a com-
prehensive model based on ISO/IEC. However, this
research is not complete and can be taken a further
look at. These opportunities will be described in
this section.

The development of a tool that would allow the
assessment to be made and that was flexible and
adaptable to Companies to evaluate their maturity.

The DevOps maturity model created in this re-
search can be used by other researchers to further
build upon. This can be achieved by doing more re-
search, which will not only contribute for DevOps
maturity model but allow more researchers to use
ISO/IEC a basis to these models.

Demonstrate and evaluate the framework to a
substantially larger number of companies, ideally
in companies that differ in size and industry, with
the ultimate goal of being able to benchmark ef-
fectively. Conclusions, future work and some final
remarks...
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