
UTRECHT UNIVERSITY

MASTER THESIS

DevOps implementation framework for
Agile-based large financial organizations

Author:
Anitha Devi Nagarajan

5588790

Supervisors:
Dr. Sietse J. Overbeek
Dr. Fabiano Dalpiaz

A Master thesis document submitted regarding the requirements
for the degree of Master of Science

in the

Business Informatics
Department of Information and Computing Science

July 10, 2018

https://www.uu.nl/


i

UTRECHT UNIVERSITY

Abstract

Business Informatics

Department of Information and Computing Science

Master of Science
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by Anitha Devi Nagarajan

Modern large-scale financial organizations show interest in embracing DevOps way
of working in addition to Agile adoption. Implementing DevOps over agile helps
to enhance certain agile practices while extending others. Although there are quite
some DevOps maturity models available in the literature, they are neither specific
to large-scale financial organizations nor they include the Agile aspects within their
scope. Thus, the current study has been performed to identify why such organiza-
tions are interested in implementing DevOps and how their implementation can be
guided by a conceptual framework. As a result, this thesis presents a list of drivers,
a generic DevOps implementation framework and its variations per driver. The
development of these artifacts has been guided by design science methodology and
they have been validated by practitioners from financial organizations in the Nether-
lands. The practitioners have identified the developed artifacts as useful to educate
their people within their organizations. Moreover, the artifacts have been applied
to a real organization’s goals to demonstrate how they can be of help to identify the
useful measurement units, which in turn can help to measure and achieve their De-
vOps transformation goals. Thus, the developed artifacts are not only serving as a
baseline for the future research but are also useful for the current organizations to
commence and get ahead with their DevOps implementations.
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1

Management Summary

The large financial organizations are originally hierarchical, multi-cultural and their
technical dependency is very diversified. Nevertheless, due to the proven advan-
tages with Agile and DevOps adoption, they are willing to embrace these new ways
of working within their organizations. The current study is performed in order to
help them to become more aware about DevOps adoption and to guide their goal
driven DevOps implementations in a theoretical manner.

For that, this research project has developed certain artifacts namely, a list of drivers,
a generic DevOps implementation framework and its variations per driver. These
artifacts are gained during our path towards answering the main research question,
"how to design a DevOps implementation framework that is helpful for Agile based large
financial organizations".

The design science methodology has been chosen as the guiding framework to con-
duct this study and so the research has gone through 4 iterative phases namely, prob-
lem investigation, solution design, solution validation and solution implementation.
During these phases, the scientific literature have been approached to gather knowl-
edge from the past studies, the semi-structured interviews are conducted to gather
information from practitioners and the directed content analysis approach has been
followed to develop the mentioned artifacts.

After the development of the artifacts, they have been evaluated by 5 practitioners
by means of 3 validation sessions. They have been presented with the artifacts and
asked to assess them against several criteria such as completeness, usefulness and fit
with the organization. In between the sessions, the possible comments are incorpo-
rated in the artifacts so that the updated artifact is used for the following validation
session. Most of the practitioners agreed that the developed artifacts provide a com-
plete and high-level overview of the DevOps implementation, which is useful for
the organizations, where they belong to. They also agreed that this framework is
beneficial to upskill the people within their organizations regarding the components
within the DevOps implementation and their significance.

Additionally, the developed artifacts have been applied to a real organization’s De-
vOps implementation goals to derive the useful measurement units that are helpful
to measure their progress towards their goals. This scenario has been demonstrated
to justify the usefulness of the developed artifacts in a real world scenario. However,
this demonstration has not been implemented in the actual organization due to the
time restrictions and so the true implications have not been gathered or measured.
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1 Introduction

1.1 Background

The Agile software development methodology, which is based on a defined set of
principles and values, encourages more self-driven, collaborative, customer-oriented
and incremental software development (Beck et al., 2001). In the past decade, Ag-
ile methods have gained a widespread acceptance among all types of organizations
that involve software development. This is because of proven advantages like faster
software development with improved quality, and the ability to welcome changes
throughout the project leading to improved customer satisfaction in comparison
with traditional software development approaches such as the waterfall method
(Bhadoriya et al. 2014) and the incremental method (Tarhan and Yilmaz 2014). Nev-
ertheless, the structural division between the software departments such as develop-
ment and system operations remained the same with their different, yet conflicting
needs and priorities (Iden et al. 2011; França et al. 2016). This division leads to delays
in the deployment of the developed software in the actual production environment,
which results in longer release cycles (Ravichandran et al. 2016a). As a solution ad-
dressing this issue, the DevOps movement has emerged with the purpose of closing
the gap between development and operations and it has evolved mainly from cloud
based product organizations (Wettinger et al. 2014).

DevOps practices have evolved through cloud-based product organizations like Face-
book, Flickr and Netflix. The similarity among these examples is that they are having
one big complex online software product, which is not the case with financial orga-
nizations such as banks that have multiple interconnected systems. Moreover, their
software mainly concerns core banking applications that are built on old technolo-
gies such as mainframes, but they also utilize new technologies for applications like
mobile banking applications. In this scenario, bringing changes into the depending
technology or underlying system architecture in order to gear up for DevOps is not
desired by such financial organizations since they prominently involve cloud (Zhu
et al. 2016). Besides the internal issues, bankers consider data security, confiden-
tiality and regulatory restrictions, the major barriers for cloud adoption (Hon and
Millard 2016).

Yet, the DevOps paradigm is not exclusive to organizations that are surrounded with
cloud computing (Wettinger et al. 2014). Ravichandran et al. (2016) have given an
example success story of a large Dutch bank, which successfully embraced DevOps
and achieved potential benefits in support of their DevOps efforts such as continu-
ous delivery and automation. By bringing in ‘Scrum’ teams that involve both devel-
opment and operations competence and by employing automation to speed up the
possible activities including Configuration Management and Software Deployment
they increased the application release frequency from an average of once in every 13
weeks to weekly updates. In case of mobile applications, they accelerated the code
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deployment status from several hundreds to 80.000 deployments per month. This
exemplifies how large financial organizations can achieve big success by success-
fully implementing DevOps.

The objectives behind a DevOps implementation may differ considerably among
different types of organizations and so the corresponding means to measure their
success. Hence, it is more important to identify the goals and objectives of imple-
menting DevOps, which in turn will help to find out a suitable approach to meet
their goals and appropriate metrics that can measure their success against the in-
tended objectives (Elberzhager et al. 2017; Erich et al. 2014b). This variability among
the needs of different organizations leads to various definitions for DevOps and ap-
proaches towards a DevOps implementation (Geurts 2016; Erich et al. 2014a). Yet,
the usage of a DevOps implementation framework can accommodate this unique-
ness by allowing organizations to take their own approach towards a successful De-
vOps implementation.

1.2 Problem Statement

DevOps is often coalesced with Agile principles and practices. Those studies that
compared DevOps with other software development methodologies have identified
that both Agile and DevOps have similar goals and values, but their scope varies.
For instance, both of them encourage transparent and open communication. De-
vOps does this mainly between Development and Operations but is not limited
with them; whereas, Agile does that among the team and with other stakeholders.
It has been described that DevOps is an extension of Agile software development
since Agile adoption is a key factor for successful DevOps adoption (Lwakatare et
al. 2016b). When DevOps is laid over an Agile implementation, it enhances several
Agile practices while extending others outside development activities (Huttermann
2012; Lwakatare et al. 2016a; Jabbari et al. 2016). There are several studies that list out
the factors required for a successful agile transformation from various perspectives
(Darwish and Rizk 2015; Hameed et al. 2016; Chow and Cao 2008). The existing De-
vOps implementation models have focused only on DevOps and so little attention
has been paid on its relationship with Agile principles and practices (Bucena and
Kirikova 2017; Mohamed 2016). This emphasizes the need to focus on both Agile
and DevOps in order to bring up a solution that unifies the similarities, replacing
the outdated Agile practices with enhancements endorsed by DevOps. Moreover,
to the best of our knowledge, there has not been found any specific study focusing
on DevOps implementation practices of financial organizations. The needs and ex-
pectations of every organization is different regarding the DevOps implementation
within their organization (Erich et al. 2014b; Elberzhager et al. 2017) and so is their
goals and metrics. The existing studies have concluded with the development of
conceptual frameworks whereas it is quite important for the organizations to know
how these frameworks can be of help to achieve their goals.

Motivated by these concerns and encouraged by the current needs of participating
organizations, it is intended to develop a conceptual framework, which depicts the
various aspects involved in the DevOps implementation of Agile organizations in
terms of perspectives and focus areas, but the framework needs to be specific for
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financial organizations and their drivers need to be understood. Moreover, every
transformation is backed up with certain goals and their progress is measured with
certain metrics. Thus, the intended framework should be developed to help organi-
zations with their goal-oriented DevOps implementations.

1.3 Research Objectives

The study has two important objectives to accomplish as mentioned below:

Objective 1: Develop a DevOps implementation framework suitable for Agile soft-
ware development units within financial organizations.

Objective 2: Reveal the relationships among the main drivers, the developed De-
vOps implementation framework and the metrics.

1.3.1 Research Questions

In order to systematically attain our objectives, we have formulated a main research
question (MRQ) and several sub research questions (SQ) as detailed below.

Main Research Question: "How to design a DevOps implementation framework
that is helpful for Agile based large financial organizations?"

SQ1: Why are financial organizations interested in implementing DevOps be-
sides following Agile principles within their software development units?

In the first phase of this thesis, we try to identify the drivers that motivate finan-
cial organizations to implement DevOps along with Agile. By reviewing the re-
lated scientific literature

(
Chapter 2

)
we will understand the overall motives and

goals related to DevOps adoption in general. Nevertheless we also perform the
semi-structured interviews

(
see Appendix A for the interview protocol

)
with peo-

ple working at banks in order to their specific goals so that the main drivers for the
model can be identified.

SQ2: What are the different perspectives and the main focus areas that are re-
quired for a DevOps implementation while following Agile principles at finan-
cial organizations?

Along with the drivers mentioned in SQ1, we also intend to identify the different
dimensions of the DevOps transformational factors and the main factors themselves
within those dimensions. Such dimensions will be classified as ’perspectives’ and
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the main factors within those perspectives will be called as ’focus areas’. As men-
tioned in SQ1, the literature review will be utilized to understand the existing classi-
fication of perspectives related to the DevOps transformation and the main transfor-
mational factors within them. Later, the interviews conducted with the practitioners
will be used to gather the industry-specific information which will be used later as a
base for the development of the competence model.

SQ3: How does a conceptual framework incorporating identified perspectives and
focus areas look like?

FIGURE 1.1: A sample template for a prospective DevOps implemen-
tation framework

As Figure 1.1 depicts, those perspectives and focus areas that are identified from
both literature reviews and practitioner interviews will be utilized to develop the
DevOps implementation framework, which outlines various perspectives and their
corresponding focus areas specific to the Agile based DevOps implementations at
financial organizations.

In the given Figure 1.1, people, process, product and organization are the concep-
tual perspectives. Each of the perspectives has several focus areas, which are the
important themes that need to be present within those perspectives. For example,
organization perspective can be identified with focus areas such as organizational
culture and organizational structure.

SQ4: How can the relationship between identified drivers and the developed De-
vOps implementation framework be revealed?
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FIGURE 1.2: A visual representation of the prospective DevOps im-
plementation framework and its relationship with the drivers

In this question, we will try to identify the relationship between the identified list of
and drivers and the competence model so that the organizations can make the best
use of the model to achieve their goals, which in turn are related to the drivers. This
will help the organizations to identify which factors are potential for every driver.
The representation given in Figure.1.2 illustrates the purpose of this sub-question.
This representation is inspired from the DevOps implementation framework devel-
oped by Feijter et al. (Feijter et al. 2018).

SQ5: How can the identified drivers, the developed DevOps implementation
framework, and their relationship help to identify the relevant measurement units?

The last question discusses on identifying the right measurement units which will be
helpful to measure the transformational efforts and success based on the developed
framework and the corresponding drivers. In order to answer to this question, a
case study will be performed at one of the participating organizations so that the de-
veloped artifacts will be applied at their organizational goals to identify the possible
useful measurement units.

1.4 Thesis organization

This thesis report documents every process aspect of the undertaken work and out-
come of those processes. The structure of the report is given below in order to guide
the reader to navigate through the document.
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Chapter 2: Research Design. This chapter elaborates how the design science frame-
work has been utilized to the execution of this study while describing the ex-
ercised research methods and techniques. In addition, this chapter includes a
Process Deliverable Diagram

(
PDD

)
of this study to show the main processes

and their resulting deliverables and their relation to this report.

Chapter 3: Results of the literature review. The relevant scientific literature regard-
ing Agile and DevOps are reviewed in this chapter to provide a solid baseline to
the current study.

Chapter 4: Current Agile and DevOps practices at Dutch Banks. The summary of
the data collected via practitioner interviews are summarized in this chapter to
show the state of the practices.

Chapter 5: Towards the development of the artifacts. In this chapter, the relevant
components of the artifacts such as drivers, perspectives, focus areas and their
relationships are identified and documented. Later in that chapter, the artifacts
are constructed by positioning the relevant components.

Chapter 6: Application of the artifacts to a real world scenario. In order to rational-
ize the usage of developed artifacts, they have been applied to a real organization
scenario and explained how they can be used to derive the useful measurement
units based on the organizational goals.

Chapter 7: Artifacts validation. The evaluation scenario in terms of evaluators’
profile and evaluation criteria, and the evaluation results are described in this
chapter.

Chapter 8: Results and Discussion. This chapter summarizes the results of this
study by answering all the research questions presented in Chapter 1 and presents
the discussion of those results as well as the limitations of the current study.

Chapter 9: Conclusion. This last chapter concludes the report by mentioning the
main contributions of this study and details the future research indications.
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2 Research Design

This section describes the research design by detailing the research framework and
the involved research methods and techniques. The design science method (Wieringa
2010) is considered for the high level design of this study and so the relevant phases
of the project are explained accordingly. The research methods utilized for data col-
lection, data analysis and artifact validation are explained by drawing the associa-
tion to the sub research questions introduced in Chapter 1. Additionally, the research
plan is drawn to indicate the prospective project milestones and the corresponding
time line.

2.1 Research Framework: Design Science Methodology

As mentioned earlier in Chapter 1, the current study aims to achieve the following
research objectives.
Objective 1: Develop a DevOps implementation framework suitable for Agile soft-
ware development units within financial organizations.

Objective 2: Reveal the relationships among the main drivers, the developed De-
vOps implementation framework and the metrics.

In order to achieve these objectives, the design science methodology (Wieringa 2010)
has been adopted. The adaptation of the engineering cycle from design science ap-
proach followed for this study is shown in 2.1. As can be seen in the Figure 2.1,
the complete engineering cycle is not utilized in this study since the implemented
solution is not evaluated after application and so the cycle is not continued based
on the user experience after implementation due to the time restrictions. However,
the design cycle, a smaller part of the engineering cycle that iterates among problem
investigation, solution design and solution validation phases is still utilized for the
development of the research artifacts that are listed in Table 2.1.

Problem Investigation:

The first phase of problem investigation is used to get an outright understanding
of the phenomenon under study (Wieringa 2010). First, the research objectives and
research questions are formulated based on the interests of the involving stakehold-
ers. Next to that, the literature study is carried out to review other relevant scientific
studies to lay a stable theoretical foundation. Finally, semi-structured interviews are
conducted with practitioners from different banks in order to collect industry spe-
cific data. Furthermore, the requirements about the prospective artifacts are also
collected from the stakeholders.
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FIGURE 2.1: The engineering cycle adaption (Wieringa 2010)

Solution Design:

The second phase is concerned with the design and development of relevant artifacts
(mentioned as treatment in (Wieringa 2010)) that could treat the problem character-
ized in phase 1 (Wieringa 2010). The main artifact that this current study aims to
develop is a DevOps implementation framework, an abstract model with its doc-
umentation describing the main perspectives and the corresponding focus areas to
help large agile based financial organizations with their DevOps implementations.
For the other related artifacts, please refer the table. 2.1.
The directed content analysis approach is adopted to explore the data gathered from
literature and practitioner interviews in the first iteration and added expert inter-
views in the later iterations. This approach allows utilizing the relevant categories
such as drivers and focus areas within the main artifact as the structure is adopted
from (Feijter et al. 2018).

Solution Validation:

The third phase deals with validating the solution/treatment to verify whether it
would satisfy the stakeholder goals if implemented (Wieringa 2010). In the current
study, the developed DevOps implementation framework is evaluated by a panel
of experts to verify whether it has sufficiently addressed the relevant concepts of
Agile and DevOps and to assert that the artifacts are developed enough to be used
as intended at the financial organizations. Meanwhile, the other artifacts such as
drivers, perspectives, focus areas and their relationships with each other will also be
reviewed by the experts during their validation.

Solution Implementation:

The final phase of the engineering cycle allows implementation of the artifact(s) in
the problem context (Wieringa 2010). In this study, the designed DevOps implemen-
tation framework and their variations per drivers will be utilized to explain how
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they can be used to identify the useful measurement units according to their imple-
mentation goals. This will be performed by utilizing an explanatory case study, in
which one of the participating organization’s goals will be utilized to explain the
measurement units derivation with the help of developed artifacts.

2.2 Research Methods and Techniques

The research framework section was explained with several methods and techniques
to be used in this research. This section provides a detailed explanation of the men-
tioned methods and their rationality towards this research. To provide a clear under-
standing of the various methods used in this research and their logical connections
with the research questions, Table 2.1 has been displayed with the relevant details.

Sub-Research Question
Data
Collection
Method

Data
Analysis
Method

Resulting
Deliverables

Deliverable
Evaluation
Method

[SQ1] Why are financial organizations interested
in implementing DevOps besides following Agile
principles within their software development units?

Literature
Review
Interview

Content
Analysis
(Nvivo)

Drivers
Expert
Opinion

[SQ2] What are the different perspectives and
the main focus areas that are required for a DevOps
implementation while following Agile principles at
financial organizations?

Literature
Review
Interview

Content
Analysis
(Nvivo)

Perspectives &
Focus Areas

Expert
Opinion

[SQ3] How does a conceptual framework incorporating
identified perspectives and focus areas look like?

- -
DevOps
implementation
framework

Expert
Opinion

[SQ4] How can the relationship between the
identified drivers and the developed DevOps
implementation framework be revealed?

- -

DevOps
implementation
framework
variations
per driver

Expert
Opinion

[SQ5] How can the identified drivers, the developed
DevOps implementation framework, and their derived
relationship help to identify the relevant measurement units?

Explanatory
case study

-
Case study
report

Peer
Review

TABLE 2.1: Research questions and methods association matrix

2.2.1 Literature Review

There are substantial number of studies available on Agile in comparison with the
available number of scientific literature focusing on DevOps. Both the subjects are
included for the literature research to understand their key principles, organization’s
drivers to adopt them, factors involved in their implementation within an organiza-
tion, and the existing maturity models focusing on Agile and/or DevOps. There
were several search engines utilized for gathering the scientific knowledge base
namely, Computer Science Bibiliography

(
dblp.org

)
, Google Scholar, ScienceDirect

and Scopus. The articles were selected based on their scope to make sure that they
include atleast one of the mentioned subtopics within Agile or DevOps. Then, the
selected articles are entered into the concept matrix excel sheet based on their inclu-
sion of topics as explained later in this section.

In order to identify the Agile related articles from the mentioned search engines, the
following keywords were used to select given types of articles.
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Keywords: {Agile software development} + {principles or drivers or objectives or
goals or benefits}, {implementation factors or success factors}, {matu-
rity or maturity model or maturity framework}, {DevOps}

Types : Conference proceedings, books, journals, thesis documents

Likewise, the following details were used in case of DevOps.

Keywords: {DevOps} + {definition or explanation}, {drivers or objectives or princi-
ples}, {implementation factors or practices or success factors or culture
}, {maturity or maturity model or maturity framework}, {Agile}

Types: Conference proceedings, books, journals, thesis documents

In addition to the papers identified by above search terms, several other papers were
identified by backward snowballing approach, which helped to identify relevant
articles from the references of other articles found (Jalali and Wohlin 2012). This
helped us to accumulate a solid scientific knowledge base required for this study.

The articles identified as above described were constantly compared and organized
into an excel sheet to build the concept matrix as illustrated in the Figure 2.2. The
literature articles were mapped out to the related concepts such as Agile drivers,
Agile advantages, Agile adoption factors, DevOps drivers, DevOps adoption factors
etc. This helped us to review the literature throughout the study to make sure that
the relevant details have been obtained during the various phases involved.

FIGURE 2.2: The illustration of concept matrix adapted from (Webster
and Watson 2002, p.17)

2.2.2 Interviews

The second data generation method used is interviews. Oates (2005) defines an
interview as a conversation of specific kind which has a set of unspoken assump-
tions, involves an agenda in general and is led by the researcher. Moreover, he ac-
knowledged three types of interviews based on the format. First is the structured
interviews in which the interviewer will be asking a predetermined set of questions
to every interviewee without involving in any conversation. Second is the semi-
structured interviews, in which the interviewer will still be having a set of questions
but always involve in a conversation with the interviewee and thus may change the
order and/or content of questions based on the flow. The third one is the unstruc-
tured interviews which gives more control to the interviewees to talk unrestrained
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about the topic of interest. Based on the number of interviewees, interviews can be
further classified as individual or group interviews (Oates 2005).
In this study, semi-structured individual interviews will be adopted as an approach
to collect data from the practitioners. Due to the flexibility to conduct the interview
according to the flow of conversation with the interviewee, this approach is found to
be the best suitable option for this study, since it allows the researcher to have more
control on leading the conversation based on the pre-acquired knowledge from lit-
erature and other interviews. Please refer to Appendix A and Appendix C for the
interview protocols used for problem investigation and expert opinion respectively.

2.2.3 Content Analysis

Content analysis is a systematic approach of bringing out meaningful interpreta-
tions from the text data and so is utilized as such to analyze the data collected from
both literature reviews and interviews. There are three different content analysis
approaches observed namely, conventional, directed and summative. Conventional
content analysis allows categories and their names to emerge from the content of the
data being analyzed. On the other hand, directed content analysis is a more struc-
tured process that utilizes key concepts or variables from existing research. At last,
summative content analysis identifies and quantifies certain content in the text un-
der analysis in order to understand its contextual use (Hsieh and Shannon 2005).

As mentioned in section 2.2.4, this study utilizes the general structure and categories
from (Feijter et al. 2017) such as drivers, perspectives, and focus areas but differen-
tiates in terms of the field of study while extending the scope to include Agile. In
addition to that, a list of perspectives are identified based on the literature research
performed on the subject of Agile adoption factors. Therefore, further data collection
(through interviews) and data analysis are guided to follow the structure identified
from the mentioned earlier studies. Due to these characteristics, the directed content
analysis approach is found to be useful for the data analysis part of this study. In
addition, as indicated in Table 2.1, the data analysis is supported by Nvivo tool.

2.2.4 Expert Opinion

As shown in Table 2.1, all the main artifacts resulting from this study will be re-
viewed by an expert group, by following the expert opinion method. In this method,
the experts will be given with the artifacts, and they are asked to express the effects
that they think will happen when the artifacts are used in a realistic environment.
When such predicted effects are not compliant with the requirements, the artifact
has to be redesigned (Wieringa 2010). Since expert opinion offers an effective way to
validate conceptual designs, it is decided to use this method for all the major design
based artifacts as it is given in table. 2.1.

2.2.5 Case Study

Case study is typically preferred to answer ’why’ or ’how’ type of questions. Case
study can be either of these : explanatory, case study helps to disclose a phenomenon;
exploratory, case study that delves into the reality; or, descriptive, case study that
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articulates ’what is’ already known. Case studies can utilize either or both quanti-
tative and qualitative methods (Yin 2011). The current study considers explanatory
case study to answer sub-research question SQ5 as shown in Table 2.1. In this case,
the case study can utilize the organizational goals of one of the participating organi-
zations to explain how the developed artifacts can be utilized to identify the relevant
measurement units, which in turn help to measure their DevOps adoption progress
towards their goals.

2.3 Research Execution

This section describes how the research is executed in terms of involved processes
and the deliverables corresponding to those processes. In order to concisely show
this, a process deliverable diagram

(
PDD

)
has been developed as shown in fig-

ure.2.3. This PDD has been developed based on the meta-modeling technique pro-
posed by Weerd and Brinkkemper

(
2008

)
. PDD is a combination of an activity di-

agram which shows the processes on the left-hand-side and a deliverable diagram
that exhibits the artifacts on the right-hand-side of it.

This PDD consists of the engineering cycle phases namely problem investigation,
solution design, solution validation, solution implementation as the main activities
besides the research initialization and research finalization activities. The deliver-
ables that result from each of the sub-activities within the main activities and their
relationships with each other and to the main deliverable, this thesis report are also
unveiled in the given PDD.
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FIGURE 2.3: A process deliverable diagram of the main processes and
deliverables of the current study
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3 Results of the literature review

In this section, existing scientific literature from related topics are reviewed in or-
der to gain a solid background and deeper knowledge on the research topic and to
understand what has already been done so that the existing knowledge can be uti-
lized well for this study. Therefore, we considered to review the topics - Agile and
DevOps in order to understand the drivers and factors associated with their imple-
mentation. In addition, the existing maturity models and the performance metrics
related to Agile and DevOps are also examined.

The main topics (i.e. Agile and DevOps) and subtopics (i.e. Drivers, Factors inclu-
sive of their categories, and Performance metrics) involved in the literature study
along with their identified relationships with other relevant entities (i.e. organiza-
tions, company, and benefits) are illustrated in the following Figure 3.1.

FIGURE 3.1: Main concepts and their relationships resulted from lit-
erature review
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3.1 Agile

3.1.1 Drivers for Agile adoption

About a couple of decades ago, when the practitioners in the software develop-
ment industry have started realizing the several detriments of their beloved wa-
terfall method for software development, Agile manifesto has been written by sev-
enteen independent-minded software practitioners. The main disadvantages iden-
tified with traditional methods are: (a) the heavy planning required by the projects,
which required the detailed and clear requirements at the beginning of the projects;
(b) the inflexibility of software development methods which could not accept the
changes during the course of the development but before delivery; (c) long devel-
opment time required by projects to deliver the software which did not satisfy the
customer most of the times; and (d) delayed testing of the software, which increased
the cost to fix the identified defects. Due to the significance of such drawbacks, the
advantages of the waterfall method, such as easy implementation and simple cost
estimation, were not appreciated (Adel and Abdullah 2015).

There are a few traditional software development methods which allow iterative
fashioned development process like Agile. Tarhan and Yilmaz (2014) summarized
the characteristics of well-known traditional software development methods (i.e.
Waterfall, Iterative, Evolutionary and Spiral) and Agile methods, namely XP (Ex-
treme Programming), FDD (Feature Driven Development), Crystal, Scrum, DSD
(Dynamic System Development), Lean Software Development and UDP (Unified
Development Process). This summary helps differentiating the Agile methods from
iterative traditional methods. Moreover, the authors performed a comparative case
study on traditional incremental software development process and Agile process
at the same company to identify the differences achieved in the end result. Accord-
ing to the results of that study, Agile processes were found to produce better quality
software in less time in comparison with the traditional incremental method. Such
empirical studies justify the reason for organizations to transform their software de-
velopment method to Agile.

Tseng and Lin (2011) claim that the current business environment faces various
changes every day and so they are supposed to have the ability to respond to those
changes as early as possible. This necessitates them to become Agile enterprises.
Moreover, the authors have summarized the general areas in which change is en-
countered by such enterprises as following: (a) Technological innovation; (b) Volatile
markets; (c) Dynamic customer requirements; (d) Changes in social factors such as
workforce expectations and legal pressure; and (e) Competition criteria. Agile en-
terprises are identified with following capabilities that help them to face such uncer-
tainties: (a) Responsiveness, the ability to identify changes and respond to them (b)
Competency, the efficiency and effectiveness of an enterprise in reaching its goals
(c) Flexibility to achieve different goals by implementing different processes and (d)
Speed.

3.1.2 Factors associated with Agile adoption

In order to achieve success with an Agile adoption, it is required for an organization
to ensure that certain aspects are in place. These factors determine the success or
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failure of the corresponding Agile implementation. Several authors have explored
such factors and many of them classified their findings into dimensions namely:
organizational, people, technical and process (Darwish and Rizk 2015; Hameed et al.
2016; Chow and Cao 2008). In order to get a better understanding, these literature
identified factors are explained together with those factors, that are deduced from
the Agile principles themselves.

Organizational Factors:

When Agile is adopted by an organization, it does not reflect only among the team
members’ way of working but also within the mindset of all people including man-
agement, and even in the culture of the whole organization. Several studies have
identified that corporate culture and organizational environment are the crucial fac-
tors of organization-wide success of Agile adoption (Hameed et al. 2016). Agile
works better in a collaborative organizational environment where success results
through teamwork, which is different from a hierarchical environment where com-
mand and control are exploited by the management (Geurts 2016; Iivari and Iivari
2011). In such an environment, small sized teams will be working together by shar-
ing tacit knowledge, mostly in an informal way and being led by a supportive man-
agement (Serrador and Pinto 2015). Both researchers as well as practitioners confess
that management buy-in is as important as team’s commitment and customer in-
volvement in following Agile (Tanner and Willingh 2014; Chow and Cao 2008).

One of the specific ways that management can support teams with Agile adoption is
team distribution. As mentioned earlier, Agile puts more value on oral, face-to-face
communication over more formal, written communication (Principle 6). Thus the
teams should be structured in such a way that close collaboration is possible, and
be provided with appropriate tools that allow effective communication among peo-
ple. The other responsibility of the management is to help their organization sustain
agility by properly rewarding the Agile practices followed within the team, having
a trust in their abilities (Principle 5) and motivating them to achieve more by appre-
ciating what have already been accomplished (Hameed et al. 2016; Chow and Cao
2008). One of the interesting findings of Vijayasarathy and Turk (2012) is that larger
the organization is and the more experience the developers have, the more difficult
it is to adopt Agile. When this is probably the case with any (financial) organization,
it is the responsibility of the management to choose appropriate implementation
strategies, allocate time, money and resources for all necessary activities including
training people to adopt the usage of Agile methods.

People Factors:

This classification is mainly about the characteristics of people in the project team,
specifically team members. Agile promotes frequent communication between team
and business (Principle 4). In order to take advantage of it, team should be capa-
ble of communicating effectively with management, customers and other involved
stakeholders. Thus it is imperative to have good communication skills by the team
members (Darwish and Rizk 2015; Hameed et al. 2016). Additionally, Agile be-
lieves in collaborative team work performed by self-organizing teams (Principle 11),
which is not possible without reporting and adapting within the team (Fontana et al.
2014). Agile endorses frequent and short time-scaled deliveries (Principle 3) while
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it welcomes changes throughout the development process (Principle 2). In order to
follow these principles, it is vital to have technically competent teams, who have the
ability to handle project complexity well while being aware of the dynamic nature
of those projects (Chow and Cao 2008). Agile urges on continuous improvement at a
constant pace (Principle 8 and 12) and for that, team members should be willing to
improve themselves while helping others to grow (Fontana et al. 2014; Tanner and
Willingh 2014). Fontana et al. (2014) have summarized the discussed characteristics
of Agile teams very well in Table 3.1.

Category of characteristics Concept

Knowledge

Keep lessons learned
Knowledge of the customer’s business
Knowledge of the project
Knowledge of the technology
Trained team

Behaviour

Collaboration
Commitment
Making an effort to keep practices in use
Self-organization
Understand customers

Communication
Communication within the team
Communication with customers

Experience
Expertise in Agile practices
Time spent working with Agile

TABLE 3.1: Characteristics and related concepts of Team as adapted
from (Fontana et al. 2014, p.150)

Next to management and team members, the other important group of stakehold-
ers, who is closely related to the success of any Agile project is customers. Several
studies have mentioned that collaborative customer representatives, who have well-
defined roles and good involvement in the Agile projects are positively influencing
the success of those projects (Darwish and Rizk 2015; Chow and Cao 2008; Tanner
and Willingh 2014).

In addition to all these, people should be aware about the uncertain nature of projects
and Agile methodology, since lack of Agile knowledge within team, management
and customers have been found to negatively influence the success of an organiza-
tion’s Agile implementation (Gandomani et al. 2014).

Process Factors:

Considering the practices that are involved in the ’way of working’ as the process di-
mension, the selection of proper method(s) corresponding to Agile principles is the
most important factor identified by several authors such as Chow and Cao (2008)
and Hameed et al. (2016). As mentioned earlier, Agile enforces incremental soft-
ware development (Principle 8), whereas the progress is measured with the amount
of working software (Principle 7). Furthermore, the software development is per-
formed in a consistent manner that helps to learn and improve within every de-
velopmental project rather than between one project and another (Principle 12). In
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order to comply with these principles, it is required to follow effective requirement
management process, project reporting and progress tracking mechanisms, project
planning process that are all Agile oriented and suitable to integrate with other pro-
cesses within an organization (Darwish and Rizk 2015; Hameed et al. 2016; Chow
and Cao 2008).

In addition to the discussed project management processes, Agile organizations are
required to have well-defined project definition processes as well in place. These
processes tend to handle activities such as risk management, project time allocation
and project status estimation (Darwish and Rizk 2015; Hameed et al. 2016).

Technical Factors:

The technical factors are regarding the usage of suitable Agile practices and tools to
complement the various processes involved. Some of such practices are Test Driven
Development (TDD), pair programming, code refactoring, and continuous integra-
tion. The decision regarding the selection of these practices and related tools should
be taken based on the chosen agile method and other process factors, organizational
factors and people factors (Chow and Cao 2008; Darwish and Rizk 2015; Hameed
et al. 2016). Diebold and Dahlem (2014) performed an exploratory study to iden-
tify the state-of-the-art Agile practices by analyzing 68 projects. It identified several
practices that are fully or partially being used within the Agile organizations that
correspond to various domains such as Finance & Insurance, Consulting, Gover-
nance and Telecommunication. Some of such identified practices are time-boxing
(which is the most used practice out of the study), learning loop, planning meeting
and daily discussion.

Before summarizing the various factors discussed, it could be useful to highlight the
Figure 3.2, which shows the important concepts that define the maturity in Agile
Software Development. Following that, Figure 3.3 highlights how the concepts from
Figure 3.2 associate to the Agile adoption factors discussed above in this subsection.

FIGURE 3.2: Relationship among concepts that define Agile Software
Development maturity adapted from (Fontana et al. 2014, p.152))
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FIGURE 3.3: Association between the discussed factors and the con-
cepts defined by (Fontana et al. 2014))

3.1.3 Agile Maturity Models

The knowledge of existing Agile maturity models is also important for this study
since it considers Agile concepts as well into the development of the prospective
maturity model. Leppanen (2013) performed a comparative analysis on eight exist-
ing Agile maturity models based on several aspects such as purpose, structure and
approach. As per that, the compared models are concentrating on the adoption of
agile values, principles and practices but on a very high level. The models consist
between 4 and 6 levels which are arranged in a way that the lowest level (i.e. level
1) defines the easy to adopt principles and practices whereas, the highest level spans
its focus towards the entire organization or of something larger in scope.

3.2 DevOps

3.2.1 What is DevOps?

Several researchers have claimed that DevOps has no clear definition (Lwakatare et
al. 2016a; Jabbari et al. 2016; Smeds et al. 2015) and so several interpretations of it are
observed among practitioners (Erich et al. 2017). Some of such interpretations are
considering DevOps as a job title or role or a separate team within an organization
(Lwakatare et al. 2016a; Erich et al. 2017). However, most of these interpretations
are actually misinterpretations about DevOps, because it is neither a job title nor a
specific team within an organization; it is neither only about tools nor just about
startups (Davis and Daniels 2015). This lack of certainty about the term leads to
obscurity and often hinders its adoption (Erich et al. 2014b). According to a study
by Lwakatare et al. 2016, most of the practitioners refer DevOps as a cultural and
professional movement, whereas many of them consider it to be a set of practices,
culture, approach, philosophy and mindset.

In current literature, multiple scholars are attempting to bring up suitable definitions
for DevOps. Jabbari et al. (2016) performed a systematic literature study to find out
the most occurring components within DevOps definitions found in the literature
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studies available until 2016. They identified that communication, collaboration and
team working, ‘bridge the gap’, development method, software delivery, automated
deployment, continuous integration, and quality assurance are key terms next to
development and operations. However, França et al. (2016) do not agree with con-
sidering DevOps as a method or methodology, since these terms involve presence of
a systematic approach, which is absent in case of a DevOps implementation.

Dyck et al.(2015) have defined DevOps as an organizational approach that moti-
vates cross-functional collaboration between software development and IT opera-
tions teams to speed-up the delivery of changes done in resilient systems and to
operate them. Lwakatare et al. (2016) have fine-tuned the same definition by clarify-
ing that the DevOps approach constitutes a mindset and a related set of practices.

França et al. (2016, p.56) have generalized the group of individuals participating in
the DevOps phenomenon by defining it as a “movement of ICT professionals ad-
dressing a different attitude regarding software delivery through the collaboration
between software systems development and operation functions, based on a set of
principles and practices, such as culture, automation, measurement and sharing”.
Thus, it can be clarified that DevOps is not restricted only to Developers and Oper-
ations team members of an organization but also to other extended team roles such
as architects and product owners (Swartout 2014).

3.2.2 Drivers for DevOps Implementation

Iden2013InformationDevelopment(Iden2013InformationDevelopment) conducted
a Delphi study with experts in system development, IT operations and system own-
ers in order to understand the problems that occur between development and oper-
ations personnel in development projects. The majority of the identified problems
are grouped into the themes as follows:

Issues related to shared domain knowledge. Due to the lack of knowledge into each
other’s domain, different competencies and skills, problems arose such as inad-
equate system documentation obtained by operations, developers’ insufficient
knowledge of an entire production environment and the whole system integra-
tion.

Communication Problems. Because of the poor communication flow between de-
velopment and operations teams, the knowledge transfer about the new sys-
tem’s working is often missing. Moreover, the communication between these
two departments is often very formal through e-mails and documents since they
are both separated.

Planning processes and activities. Most of the times, operations teams are not for-
mally involved in the requirement specification and so their non-functional re-
quirements are not considered before the development begins or they will be
involved in the system development projects only at the very later stages. Due
to this negligence, new systems are put into production very early, before they
are complete. Moreover, the process of handing over the new system from Infor-
mation Systems (IS) development to Information Technology (IT) operations is
not very well structured.
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Missing Partnership. In order to have a partnership between development and op-
erations teams, there should be a mutual cooperation on goals, risks and benefits.
In practice, this alliance is not fulfilled since their goals, priorities and focus areas
are different, sometimes conflicting each other.

According to their structured research that involved academic as well as industry-
based contributions, França et al. (2016) grouped the motivations behind software
organizations’ DevOps implementations into following categories:

Organizational structure and policies. The siloed organizational structure that sep-
arates IS development and IT operations teams into different departments cause
several disadvantages such as an increased developmental cycle time, delayed
delivery of software changes, reduced collaboration, lack of trust and increased
frustration.

External pressure. Due to increased pressure that demands a faster response to
changing requirements, a growing demand for Software-as-a-Service (SaaS) tools
requires restructuring in business processes that includes both software develop-
ment and operations.

Release process. The lack of coordination between development and deployment
activities and fear of potential system instabilities that may arise during release
processes leads to an increase in the lead-time and thus hinders the continuous
value delivery to customers.

Quality demands. In order to balance the lack of developer’s knowledge on non-
functional features such as maintainability, reliability, and high quality expecta-
tions on the highly complex software systems, it is necessary to make changes in
the development processes of those systems.

Socio-technical issues.Issues related to social and technical aspects such as cultural
differences result in communication issues and a lack of trust among stakeholder
groups including development and operations. This may result in long release
cycles and low product quality.

Erich et al. (2017) produced a qualitative study on DevOps usage at six different or-
ganizations that involve Information System (IS) development. According to their
report, the participated organizations intend to achieve various goals such as in-
crease in velocity (i.e., amount of possible work per sprint), increase in product qual-
ity, reduce in release time and lead time, support for automation, improvement in
problem solving and feedback with the help of DevOps implementation.

3.2.3 Factors associated with DevOps Adoption

A DevOps implementation requires notable effects on processes, products, associ-
ated technologies, organizational structures and business practices (Zhu et al. 2016;
Wettinger et al. 2014). These factors are separated into human oriented factors and
non-human oriented factors according to their characteristics and are discussed fur-
ther.
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Human oriented factors:

There is a general consensus among scholars that the DevOps notion emphasizes on
human aspects such as collaboration, trust and empathy (Walls 2013). These human
aspects required for a successful DevOps adoption is mentioned as DevOps culture
by different authors. A DevOps culture encourages various individual, team-level
and organizational changes within a traditional software focused organization. The
most mentioned factor is the collaborative working environment, where individ-
ual members have a shared goal that provides importance towards business value
(Huttermann 2012; Walls 2013; Davis and Daniels 2015). Presence of cohesive teams
that involve people with different skill-sets (for example, development and opera-
tions) working together (França et al. 2016). People have an optimistic and growth
mindset, and believe in continuous learning and improvement (Davis and Daniels
2015). Open and frequent communication among stakeholders to discuss, under-
stand and learn from mistakes leading to blamelessness and learning organizations
(Davis and Daniels 2015). Culture of sharing information and knowledge among
team members that helps to bring people with cross-skillsets and prevents organi-
zational knowledge drain (França et al. 2016). Trust on individuals as well as teams
for example, development team is provided with production environment access be-
cause of the confidence on them. At the same time, management should also trust
the team members and give them enough freedom that allows for creativity and in-
novation (Walls 2013; Ravichandran et al. 2016a). Respect should be given by every-
one to every other individuals and their contributions. At the same time, manage-
ment should consider all the roles involved in the project with equal respect so that
everyone will be considered equally (Walls 2013; Ravichandran et al. 2016a). Prac-
tice of continuous feedback that appreciates the achievements and encourages to
improve shortcomings, but also indicating the misapprehension by being transpar-
ent yet constructive (Walls 2013; Swartout 2014). Practice of aligned incentives and
responsibilities by the management so that the team members will be properly rec-
ognized for their work towards successful product that creates business value and
satisfies customers (Huttermann 2012; Davis and Daniels 2015). Figure 3.4, adapted
from Swartout(2014) represents the various cultural factors required for successful
DevOps implementation.

Non-human oriented factors:

One of the commonly perceived benefits of DevOps is faster delivery, which is achieved
through the increased focus on process automation (Swartout 2014). DevOps advo-
cates automation in order to reduce manual errors that hamper the software qual-
ity (Swartout 2014; Smeds et al. 2015), increase repeatability of tasks (França et al.
2016), remove monotonous work that costs unnecessary human effort (Lwakatare
et al. 2015), and also to achieve consistency (Swartout 2014). Although many stud-
ies acknowledge automation as a substantial part of DevOps implementation, they
are mostly referring to those that are being accomplished with the help of the cloud
computing paradigm (Wettinger et al. 2014; Stillwell and Coutinho 2015; Bucena
and Kirikova 2017). However, a DevOps implementation is also possible with other
computing paradigms (Wettinger et al. 2014). In case of financial organizations such
as banks, which are known as ‘the slow adopters of technology’ (Hon and Millard
2016), a DevOps implementation does not have to be always around cloud solutions.
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FIGURE 3.4: Interconnectedness of all human factors associated
with culture for Continuous Delivery and DevOps adapted from

(Swartout 2014, p.58)

This situation needs to be considered well as part of this study since the prospective
solution is specific for such financial organizations.

The level of automation embraced by the organizations allows them to adopt a num-
ber of continuous software engineering practices such as continuous delivery and
continuous monitoring (Davis and Daniels 2015). For example, provision of au-
tomation testing tools enables Continuous Testing, which permits the team to test
the code as soon as they are written without waiting for the test phase to begin as
it happens in traditional development methods (Fitzgerald and Stol 2014). Like-
wise, an automated testing infrastructure together with a deployment management
system, deployment tool, and monitoring infrastructure can help to realize Continu-
ous Deployment, which is the practice of frequently deploying incremental software
updates into production (Savor et al. 2016). Other such software engineering prac-
tices frequently found within DevOps implementation are: Continuous Integration,
which is the frequent integration of newly written code into actual software’s exist-
ing code (Davis and Daniels 2015) and Continuous Delivery, which is the ability to
deploy software at will (Neely and Stolt 2013). Figure 3.5 offers a comprehensive
view of all possible continuous software engineering practices among business, de-
velopment and operations, and it has originally been devised by Fitzgerald and Stol
(2014).

As shown in Figure 3.5, Fitzgerald and Stol (2014) involve several other continuous
software engineering activities as part of DevOps namely, Continuous Security (i.e.
considering security as a key concern throughout the project), Continuous Compli-
ance (i.e. ensuring compliance during the whole development process), Continuous
Use (i.e. strategy focusing on customer satisfaction leading to customer retention),
Continuous Trust (i.e. developing trust through effective communication), Continu-
ous Run-Time Monitoring (i.e. regular observation of run-time behaviors that aims
on early detection of non-functional issues), Continuous Improvement (i.e. achiev-
ing incremental advancements with the help of lean approaches) and Continuous
Innovation (i.e. conscious adaptation in return to dynamic market conditions).
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FIGURE 3.5: A holistic view of continuous software engineering
practices from Business, Development and Operations adapted from

(Fitzgerald and Stol 2014, p.5)

Capabilities

Continuous planning
Collaborative and continuous development
Continuous integration and testing
Continuous release and deployment
Continuous infrastructure monitoring and optimization
Continuous user behaviour monitoring and feedback
Service failure recovery without delay

Cultural Enablers

Shared goals, definition of success, incentives
Shared ways of working, responsibility, collective ownership
Shared values, respect and trust
Constant, effortless communication
Continuous experimentation and learning

Technological Enablers

Build Automation
Test automation
Deployment automation
Monitoring automation
Recovery automation
Infrastructure automation
Configuration management for code and infrastructure

TABLE 3.2: DevOps Capabilities and Enablers reproduced from
(Smeds et al. 2015, p.171)

DevOps was defined by Smeds et al. (2015) as a set of engineering capabilities re-
inforced by certain cultural and technological enablers (Smeds et al. 2015). This
definition along with the given Table 3.2 elucidates the relationship between the
previously discussed human and non-human oriented factors.

In the Table 3.2, capabilities emphasize the continuous nature in the basic software
development sub-activities such as, planning, development, testing and deploy-
ment. Cultural enablers are the list of human attributes to be possessed by DevOps
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teams. Technological enablers highlight the need of automation in all possible ac-
tivities within software development and delivery so that human errors can be re-
duced to achieve high quality deliverables. It is interesting to note that continuous
planning being considered as part of DevOps whereas Fitzgerald and Stol (2014)
mentioned that as a ‘BizDev’ activity.

3.2.4 DevOps Maturity Models

There are quite a few DevOps specific maturity models available in literature, which
are summarized and reviewed in this section in order to enrich the understanding
of existence and also the prospective model can be utilizing the best of knowledge
obtained from these existing models. Additionally, it is discussed how these models
are not appropriate to answer the considered research questions of this study.

DevOps Maturity Model by Mohamed(2015)

The first one is the DevOps maturity model developed by Mohamed (2015), which
is based on the renowned software process maturity framework, CMMI maturity
model. Mohamed (2015)’s model has 5 maturity levels, whereas each level is defin-
ing certain maturity criteria in terms of 4 dimensions namely Quality, Automation,
Communication/collaboration and Governance. The maturity model that can be
seen at Figure 3.6, is organized in such a way that the initial level defines the ab-

FIGURE 3.6: DevOps maturity model adapted from (Mohamed 2016,
p.26))

sence of a controlled process with regards to each of the given dimensions whereas,
the final level defines the presence of process that focuses on betterment of those di-
mensions. For example, the first dimension, communication is characterized with no
clear processes/tools/roles that allow effective communication among stakeholders
and centralized decision making by one role is often the case. Successive maturity
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levels are defined with characteristics of incremental changes required by the or-
ganization to improve communication among various stakeholders. The final level
of communication dimension specifies that an organization already has the essen-
tials in place and their further focus is on enhancement of the same according to
the organizational goals. The second dimension, automation encourages organiza-
tions towards robust automation framework aligned with organization’s objectives.
The third and fourth dimensions emphasize respectively on specifying clear gov-
ernance processes and quality assurance activities with proper tools and processes
while measuring them with appropriate metrics.
Although this model’s dimensions focus on the foremost aspects involved DevOps
implementation, this does not include many of the essential human and non-human
oriented factors addressed in subsection 3.2.3. Moreover this model offers a generic
framework rather than a industry-specific framework, which is the focus of the cur-
rent study. Additionally, this model does not allow organizations to tailor their own
implementation approach since the levels are fixed to certain capabilities of every
dimension.

DevOps Maturity Model by Bucena and Kirikova(2017)

Bucena and Kirikova (2017) have proposed a DevOps maturity model which fol-
lows Capability Maturity Model’s 5 maturity levels viz. Initial (Level 1), Repeatable
(Level 2), Defined (Level 3), Managed (Level 4) and Optimized (Level 5). All these

FIGURE 3.7: A sample fragment from the DevOps maturity model of
(Bucena and Kirikova 2017, p.9)

maturity levels are defined with respect to four enterprise areas namely Technology,
Process, People and Culture. Each of these areas are having multiple rows whereas
each of them is identified with a specific ID such as T1 (i.e. Technology 1), P2 (i.e.
People 2) and PR3 (i.e. Process 3). In this way, Technology area appears with 9 rows,
Process area depicts 6 rows, People and Culture areas are illustrating 3 rows and 5
rows respectively. Each specific ’chunk’ (as mentioned by the authors) in the technol-
ogy area (Levels 2 to 5) can be associated with their corresponding DevOps practices
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given in a separate table. This is definitely a good inspiration model as the authors
have considered a good number of details for both people and non-people aspects
involved in DevOps implementation. On the other hand, this model does not satisfy
the research questions considered in this study since this model does not consider
Agile principles and practices as much it does with DevOps practices. However, it
does mention ‘Agile Development’ as one of the values (PR2 - Level 3) within the
model but not more than that. Moreover, this model enacts a very generic solution,
not specific to any type of industries and so it does not consider the limitations of
any particular industry. Due to the space limitations, an excerpt of the model has
been depicted in Figure 3.7.

DevOps Maturity Model by Feijter et al. (2018)

FIGURE 3.8: DevOps Competence Model adapted from (Feijter et al.
2018, p.248)

The next one to be discussed is a DevOps competence model and its correspond-
ing maturity model developed by Feijter et al. (2018). These models are specific for
Software Product Organizations (a.k.a. SPO), which are organizations that produce
standard software(s) to be used by several customers and so they are different from
organizations that produce customized software for a specific customer (De Weerd
et al. 2006). The competence model shown in Figure 3.8 portrays the various focus
areas within the specific perspectives, their relationships and the important stake-
holders involved. The focus areas are grouped into perspectives namely ‘Culture
and Collaboration’, ‘Product, Process and Quality’ and ‘Foundation’ in a way that
both people and non-people related factors are considered within the model. Each
of the mentioned focus areas are identified with several capabilities, which are posi-
tioned into the maturity matrix (Figure 3.8) based on collected data from literature
as well as practitioners. The maturity model shown in Figure 3.9 contains all the
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perspectives, focus areas within each of the perspectives and rank-ordered capabili-
ties related to every perspective. While the competence model shows all the aspects
related to DevOps implementation, the maturity model will be of help to measure
the current maturity level and to show the incremental path towards attaining the
highest maturity possible.

FIGURE 3.9: DevOps Maturity Model adapted from (Feijter et al.
2018, p.251)

The current study is stimulated by the aforementioned work of Feijter et al. (2018)
and so considers to create similar artifacts such as a competence model and a matu-
rity model that offers an incremental approach. However, the current study will be
different from the discussed work of (Feijter et al. 2018) in the following ways: the
current study concentrates on financial organizations whereas (Feijter et al. 2018)
focused on SPOs; the current study extensively considers both Agile and DevOps
principles and practices but the work of (Feijter et al. 2018) deals with DevOps only.
Furthermore, the current study extends the work of (Feijter et al. 2018) by applying
the models to measure the present maturity level of certain organizations and then
compare it with performance metrics specific for Agile and DevOps environment.

3.2.5 Relationship between Agile and DevOps

According to our analysis on Agile and DevOps, there is quite some uniformity be-
tween the subjects can be identified. Although the characteristics are associated, yet
the relationship between Agile and DevOps has not been studied extensively. On
the other hand, Lwakatare et al. 2016 highlight that there are several multi-vocal
literature studies discussed DevOps in relation with Agile, Lean and Continuous
Delivery (CD) in comparison with a small number of scientific articles. As per their
study, Agile organizations find it easy with DevOps adoption whereas, Waterfall



Chapter 3. Results of the literature review 30

practices are very much incompatible with DevOps practices and so DevOps adop-
tion is not easy for them. In case of implementation, DevOps reinforces Agile soft-
ware development practices and roles and so improvements in the usage of Agile
methods such as Scrum. In terms of goals and values, both Agile and DevOps try to
break down organizational silos while encouraging collaborative working, focusing
on rapid and incremental releases, quick feedback and correction.

The framework that covers the Agile and DevOps practices in the context of Systems
Engineering practices backing the statements of Lwakatare et al. (2016). Systems En-
gineering (SE) processes are those that deal with cost effective development of high
quality systems (Geurts 2016). In Figure 3.10, Geurts (2016) indicated the Agile and
DevOps practices used in SE processes and in addition, he highlights the DevOps
practices that extend Agile practices.

FIGURE 3.10: Coverage of Agile practices and their DevOps exten-
sions in the context of Systems Engineering adapted from (Geurts

2016, p.105)

As a result of their grounded theory analysis on modern web application develop-
ment, Bang et al. (2013) explored several DevOps related concepts and categorized
them according to the related knowledge and perspectives. As a consequence, there
resulted four DevOps related perspectives namely collaboration, automation, mea-
surement and sharing. Interestingly, the authors highlighted that the Agile software
development methodology supports all the identified perspectives of DevOps. Jab-
bari et al. (2016) also summarized the studies that relate to DevOps and Agile, and
he highlighted that several other authors agree that Agile enables and supports De-
vOps practices whereas DevOps extends existing Agile practices.
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3.3 Performance Metrics

In the software engineering context, metrics are important irrespective of the devel-
opment methodology which is being followed within an organization. Metrics help
to control and improve what is being done and how is it being done (Kupiainen et
al. 2015). The metrics should be carefully selected so that they can demonstrate how
their work impacts the business of an organization (Ravichandran et al. 2016a). In
this section, we review the Agile and DevOps metrics from the existing literature in
order to get a comprehential knowledge on the subject.

3.3.1 Agile Metrics

Kupiainen et al. (2015) performed a systematic literature review on the metrics used
in Agile software development environment. The authors did not only collect the
metrics from the existing literature but also categorized them based on their pur-
pose of usage, ranked them according to their number of occurrences and perceived
importance factors from past studies, and lastly, mapped their findings to Agile prin-
ciples.
According to Kupiainen et al. (2015), Velocity (i.e. number of estimated user stories
vs number of actual completion of user stories (Javdani et al. 2001)) is the highly
ranked metric with maximum number of occurrences and a high importance factor
out of 25 such metrics. The other such highly influential metrics are effort estimate
(i.e. estimated effort per story), customer satisfaction, build status (i.e. build status
as broken or not), technical debt and progress as working code. The authors iden-
tified that the found metrics are used for one of the following reasons: Sprint and
project planning, sprint and project progress tracking, understanding and improv-
ing quality, fixing software process problems, and motivating people.

3.3.2 DevOps Metrics

With respect to DevOps specific metrics, there are very few studies found to list
them out. Regarding this subject, Ravichandran et al. (2016), provides some useful
advice that will be taken into account during the performance metrics part of this
study. The authors advises that the metrics should not be into one of the following
problematic classes:

• Vanity Metrics: Metrics that accolade and encourage an erraneous behaviour
within the team such as ’lines of code produced’.

• Intra-team Metrics: Metrics that disturb the cross-cultural collaborative be-
haviour within the DevOps teams. For example, the operational effectiveness
metrics that affect the number of deployments.

• Traditional Metrics: Metrics that are traditionally being within the organiza-
tion but not really useful with the new ways of working, for example: Mean-
time-between-failure, which is not useful in the faster delivery focused envi-
ronment.

Knowing what type of metrics should not be considered to measure the DevOps ef-
fectiveness, Ravichandran et al. (2016) points out that the metrics should measure
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people, who are the main change indicators. Additionally, it is also important to
observe how the changes made in the existing processes and technology is affecting
the success path.
Ravichandran et al. (2016) proposes the following characteristics to be possessed by
metrics that are being considered: obtainable (i.e. the metrics are possible to collect),
reviewable (i.e. the metrics should be thoroughly reviewed), incorruptible (i.e. the
metrics is not biased to certain sub-group of the team), and actionable (i.e. the met-
rics supports improved decision making). These characteristics will be considered
during the performance metrics identification part of this study.
According to their research survey conducted in 2014, Elliot (2015) revealed the fol-
lowing DevOps specific business metrics obtained from 20+ Fortune 1000 organiza-
tions.

• Productivity related metrics: Speed, velocity, impact analysis, build and test
automation, configuration automation, and time to market

• Quality related metrics: Availability, requirements analysis, business stake-
holder involvement and support, metrics that help to identify issues earlier
through continuous testing and integration

• Operating expense related metrics: Cost optimization, cost modeling, metrics
that encourage fail fast and fail cheap, allocation of IT

• Capital expense related metrics: Utilization, cloud-based systems, and con-
vergence

The current study identifies the drivers behind financial organization’s DevOps im-
plementations and also their performance metrics, so that the relation between those
two can be established. Additionally, the current study aims to identify a generic list
of performance metrics that are useful for Agile based DevOps environments.

Summary of literature review

The current literature study reviews the relevant literature in order to collect the
obligatory knowledge required for the execution of the current research. Firstly,
section 2.1 surveys the Agile methodology to understand the rationale behind orga-
nization’s will towards Agile adoption, various factors that get affected with Agile
transformation, and the essence of existing Agile related maturity models. Secondly,
section 2.2 revises the DevOps related concepts to grasp the perception behind the
term ’DevOps’ to discern the claims towards organizations’ DevOps move and the
involved aspects of DevOps implementation. Furthermore, section 2.2.4 analyses
the existing DevOps maturity models to identify the perspectives of other authors
who performed works similar to this study. Section 2.2.3 brings out the relationship
between the concepts of Agile and DevOps found from literature. Finally, section
2.2.5 reviews the performance metrics in light of Agile and DevOps separately.
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4 Current Agile and DevOps
practices at Dutch Banks

In this Chapter, we present the summary of the data collected from the practitioners
from financial software organizations. Since the type of financial software organiza-
tions is diverse, due to the time restrictions, the data has been collected from people
working at 7 different sub-organizations ie. departments from 2 large banks in the
Netherlands. The data has been collected through semi-structured interviews as
mentioned in Section 3.2.2. The interview questionnaire (Appendix A) has been de-
signed based on the literature collected data and so the classification of adoption
factors was kept as such in order to correctly interpret the data during the analysis.
Since most of the sub-organizations are already following Agile and DevOps, the
current data could not be largely distinguished to mention that it was due to either
Agile or DevOps adoption. Thus, the current chapter summarizes the factors with-
out differentiating between Agile and DevOps. Moreover, both the organizations
have chosen Scrum as their Agile method and so only the Scrum practices are dis-
cussed throughout.

4.1 Factors associated with Agile and DevOps adoption

4.1.1 The organizational factors of Agile and DevOps adoption:

In this classification, the main objective was to understand the changes observed in
the culture and the environment of the organization. Additionally, the factors such
as organization structure and the importance of management buy-in were also dis-
cussed during the interviews.
First of all, both the banks have brought up DevOps teams by combining both the
developers, operations engineers and other roles such as testers, business analysts
in one team

(
iv-pi-6 and iv-pi-4

)
. This setup has already brought more transparency

in the workplace, more awareness about each other and open communication that
helps to solve the problems faster than earlier

(
iv-pi-6

)
. However, the team mem-

bers are still encouraged to broaden their skill set to get more T-shaped by given
with more freedom and resources such as training

(
iv-pi-7 and iv-pi-4

)
. One of the

interviewees talked about their new team setups as follows:

“there is no more like Dev team and an Ops team.. we made a single DevOps team with
3 or 4 Dev Engineers.. and like a couple of Ops engineers.. and Ops engineers are completely
involved in everyday standups, they know exactly what is coming in the next sprint, what
is going live..and also if there is an issue in the production, it is not about like Ops only has
to take care.. but as a team you have to handle the issue.. so if there is an issue, as a team we
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discuss, I [as a developer] am more actively involved in the after-care issue... so that is the
main change..”

(
iv-pi-5

)
In terms of the Agile and DevOps, both the organizations are strategically mov-
ing forward to them as decided by the board. However, when it comes to the level
of adoption by the people within the organization, they are supposed to follow this
new way of working as that is the way the organization is stepping towards. One of
the interviewees proclaimed that the transformation should be top-down, starting
from the higher level of management since the transformation will not be success-
ful without the management buy-in

(
iv-pi-6

)
. Thus the people at the management

should be properly educated about the transformation before going to the teams
(
iv-

pi-6
)
. For this, Agile coaches, professionals who help with the transformations, are

temporarily hired by both the organizations. They help the management people by
having one-on-one sessions to change their traditional management style to more
supportive Agile-friendly style

(
iv-pi-6, iv-pi-7, iv-pi-1 and iv-pi-2

)
. One of the in-

terviewees explained the change in management as follows:

“At first, they [management] did not know it well either because they have not changed
their mindset as well. Because from a manager’s perspective, going from a project manage-
ment into Agile/Scrum is kind of a tricky change. So for that part, we had agile coaches
for [a certain period] during the first [x number of] years of the implementation, who came
here as well with the teams to show us in practice how to do things[...] I would say that the
management has really changed the cold way of thinking of the teams, whether that is on the
evaluation criteria for each employee, how the team is perceived as successful or not, they
have managed more or less to make it compatible with Agile. So being a successful team, also
goes to being a successful agile team and implementing successful scrum.”

(
iv-pi-7

)
With regards to the organization structure, traditionally both the organizations had
the hierarchical structure where teams used to be managed by a single person for
their delivery, skills, and performance. However, after the transformation, both the
organizations are following a structure where the Product Owner is being respon-
sible for achieving the maximum value from team’s work; and IT management is
responsible for the human resources part including the skills and performance man-
agement

(
iv-pi-6 and iv-pi-2

)
. Moreover, in the earlier hierarchical structure, there

were no restrictions on the team size and so every x number of teams were governed
by a lead team member (example, lead developer or lead tester), in teams that are
too big to be managed only by a Project Manager

(
iv-pi-1

)
. However, now the teams

are restricted in size to have a maximum of 10 members and they are also becom-
ing more self-steering in terms of being responsible to plan and manage their own
work

(
iv-pi-1, iv-pi-5 and iv-pi-7

)
. Additionally, they are involved in performance

assessment of peers in the name of 360deg feedback and sometimes new hirings as
well

(
iv-pi-7

)
. One of the interviewees explained the 360-degree feedback session

as follows:

“That [360 degrees feedback] means that you ask multiple colleagues working with you,
not only your own team members but also stakeholders from the outside, people you interact
with, you ask them for their perspective on your performance on certain items that you ad-
dress at [a specific time] of the year”

(
iv-pi-4

)
In the matter of the corporate culture, several interviewees noted that the new way
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of working has brought openness to their corporate culture
(
iv-pi-6

)
. People are en-

couraged to discuss unclear things with each other and also with the management
and business, to provide and accept feedback constructively, to work as a team and
be responsible for their work as a team. One of the interviewees mentioned that their
performance evaluation includes a component that assesses their work as a team
and gets their evaluation score as a team and thus everyone would feel responsible
towards their teamwork

(
iv-pi-5

)
. Another interviewee mentioned that the orga-

nization’s focus was only on the delivery earlier, but now it includes delivery as
well as continuous improvement of people and process

(
iv-pi-1

)
. For example, the

interviewee-1 described his observation on the cultural change as follows:

“What we see is that there are more discussion within the teams.. also the retrospective,
after the sprint.. we see changes in the culture.. they are more talking to each other than the
old days.. in the old days, it was more ’I am doing my thing and throwing it over the wall’
but the other one [Agile] is letting people more into discussion... “

(
iv-pi-1

)
Many of the interviewees welcomed the freedom towards their skill development
that they are getting after the organizational transformation. The team members are
encouraged to become more cross-skilled, and the organization enables that by al-
lowing them to choose their interesting career path and encourage them to set their
own goals in-line with the organizational goals

(
iv-pi-1 and iv-pi-3

)
. People are

given time and resources like internal and external training to realize their goals in
order to expand their skill set.

4.1.2 People factors in Agile and DevOps adoption:

The second classification concentrated on understanding the transformation of peo-
ple in the teams, their relationship with the customers and the organization’s role on
this part.
In case of both the banks, the IT departments are working for their business coun-
terparts who are considered as their customers in terms of bringing work to them.
Thus the deliverables are mostly custom software or services which satisfy the needs
of those business counterparts. Moreover, the IT departments consist of people who
are direct employees of the bank

(
aka. Internals or internal employees

)
and also

externals
(
aka. external employees who work temporarily on project basis

)
who are

brought up to work temporarily within various projects. This is important to know
since the external employees might not be directly given with the opportunities that
of internal employees for example, trainings. However, the case of external people
is not considered for this research.
“Experience does not [always] matter [...] they [the organization / management] are look-
ing for people to be open-minded in a way that you are not locked in a way of working that
you know and you think that only works [...] people wanted to know that this person [new
candidate] can operate as a team member and as an individual person. Because scrum teams
are self-organized so we don’t need someone who knows what they are doing their work, but
someone who needs to take ownership of whatever they are building and the team is building,
and so he can advise and suggest how something can be improved, especially due to the con-
tinuous feedback nature of the Agile /Scrum way of working. [...] so in some ways you want
people to take ownership of what they are doing and be open-minded to try out new things
and how to do it. Because we are still learning also and it is not that we have implemented
and we know it. Scrum is not just one solution but you have to adapt and make it work for
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your specific situation. So you need people that are open to that and also can contribute to
that.”

(
iv-pi-7

)
Several interviewees asserted that open communication is the most

important characteristic of an agile team as well as team members. By discussing de-
tails openly, without just assuming or delaying information or thoughts, giving and
accepting feedback constructively, and by sharing knowledge with others, a person
is considered to be a good team member within an ideal agile team environment(
iv-pi-3, iv-pi-1, iv-pi-5, and iv-pi-4

)
. Additionally, as quoted from

(
iv-pi-1

)
, peo-

ple are expected to take ownership of the tasks and just not be confined to their job
descriptions

(
iv-pi-1 and iv-pi-3

)
. Thus the transformation to happen within the

people mindset can be described as ‘me to WE’. Agile coaches are used to making
this transformation within the people factor of both the involved banks.

Before Agile way of working was introduced, the teams had very less contact with
their business counterparts

(
aka. Customers in this context

)
and it was mostly dur-

ing pre-development and post-delivery of the complete project or a big part of it
which usually lasts for months. However, thanks to Agile, this time has really been
shortened, and the role ‘Product Owner’, who is usually from the business, is con-
stantly in touch with the teams

(
iv-pi-5

)
. Although many teams have a separate

Product Owner for every Scrum team, interviewees told of situations where several
teams having one Product Owner as well. In the latter situation, there used to be
another bridge between the Product Owner and the teams. However, in all the sit-
uations, the teams have the freedom to contact their Product Owner at any time for
any clarifications. This situation has been told to bring in a big change in their way of
working since the Product Owner concentrates only on the business value achieved
from the team’s work but not the people themselves. Additionally, the teams get to
meet the rest of the business team as well during the Scrum events such as Sprint
Review meetings, which happen at the end of every sprint. This satisfies the need to
have a direct communication with the business in a regular manner

(
iv-pi-7, iv-pi-6,

iv-pi-3 and iv-pi-2
)
. The iv-pi-1 gave some light on the relationship among the PO,

team and the IT side management as follows:

“He [The Product Owner] sits next to the team and he is representing the business [...]
basically the PO says what I [the business] want.. the team has to find out how they can
achieve that and come back. . . [...]but the PO does not say that this is the way you should do
it.. the team decides how they want to do it [...]in case, they are not able to give what they
arrive into, then [the corresponding role from IT side management] is there.. he will step in
and see how to optimize, how to make it happen. . . he [The Product Owner] will only give
the priority and ask the team to catch up with it.. the [the corresponding role from IT side
management] should enable that..”

(
iv-pi-6

)
Altogether, the interviewees mentioned that People factor are the most important
as well as the most difficult one to be transformed in order to realize the real ben-
efits. People are expected to become cross-skilled, adaptive, responsible and fertile
minded.

4.1.3 Process factors of Agile and DevOps adoption:

As mentioned in the People factor classification, people working at the teams may
include both internal and external employees. Therefore, there could be differences
in the processes undergone by the people within banks since externals might not
go through the same processes as that of internals, for example, their hiring process
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and performance evaluation process might be different. Since all the interviewees
participated in the interviews were internal employees, the processes imposed on
external employees are neither included nor considered for the research.

This dimension concerns about the complete software development and delivery
process including change management, and the project management process which
is more about keeping the project status under control.

During the project initiation, the most high-level business requirements called ‘epics’
are brought into the corresponding IT sub-organizations by the business organiza-
tion. Every ‘epic’ comes with several ‘features’ and every feature is broken into ‘user
stories’ where epics are the most high level and the user stories are most low-level
requirements. Once the stories are established, they will be prioritized by the PO,
refined by the team (with or without the PO), built, tested, and finally deployed by
the team.

With the traditional way of working, everything was well documented at the begin-
ning before the actual software development starts and so every change request was
always going through a separate extensive process before being accepted. But now,
the actual build is broken into many small pieces which can be developed within a
sprint of 2 or 4 weeks long and so every requirement is allowed to be changed be-
fore it is taken into the sprint. This is such a remarkable freedom provided by Agile
which lead to high user satisfaction. The banks felt advantageous with this flexi-
bility as like any other different organizations. However, one of the interviewees
confessed that it is quite not feasible to have the unstable requirements until the last
minute. Therefore, they will define all the epics and features for one quarter and the
corresponding user stories may change but not the top level requirements unless the
changes are crucial. Moreover, changing the user stories until the last moment is also
not efficient as they were leading to improper refinements, and imposing a lot of re-
work. Thus, some interviewees mentioned of having a clear overview of upcoming
5-6 sprints and the changes in them should be considered well

(
iv-pi-3 and iv-pi-6

)
,

which also helps to make the necessary arrangements about anything required from
different teams. The interviewee 6 described this upcoming sprint outlook planning
done by the Product Owners as below:

“Epics are defined already [...] the feature is held by the PO.. so he knows what feature
needs to be delivered.. so lets say, you have 5 or 10 POs and they all sit together and say
’Okay, this 90 days, we have to deliver so many features’ and for these 3[features/stories], we
have dependencies.. ’okay, you [Product Owner -1] have 5 stories under this feature and I
[Product Owner -2] have 3.’ so that high level planning, they [Product Owners] do.. then
they take the user stories back to the team, then do an estimation to see whether they can fit
into their timebox.. if it doesn’t fit, then come back into their PO meeting again to say that, ‘I
[Product Owner-2] can not finish all the 3 but I can finish only 2..’ but then if the clarity is
not there, they again put it in on the table saying that, ‘this feature can not be done because
ABC is not very clear..’ [...] so one or two iterations, that keep happening.. before which, it
[features/ stories] really becomes ready for a team to burn in the sprint.. in spite of doing all
these, you will find some uncertainty, but then uncertainty is in very small extent of it.. so
this is the process that happens continuously on a bi-weekly basis.. looking forward to the
next 6 weeks..”

(
iv-pi-6

)
Although this outlook for several sprints is necessary, some interviewees agreed that
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they should be considering the changes imposed in the upcoming sprints or even an
ongoing sprint based on the severity of the change and some others said that they
will never allow any changes within the ongoing sprint. However, all mentioned
that a discussion is always necessary in any such cases

(
iv-pi-4, iv-pi-6 and iv-pi-7).

The interviewee 6 mentioned the advantage of following Agile processes as follows:

“the information, the good news, and the bad news is all delivered in the bi-weekly basis
[at the end of sprint] but not at the end of the project.. that is the bigger change”

(
iv-pi-6

)
For managing the projects in an Agile way, Scrum offers several events such as daily
stand-ups, where team updates on their individual progress and discusses the im-
pediments; refinements where the dependencies are identified; planning meetings
where the actual work can be planned based on the availability of resources and de-
pendencies; sprint review meetings, where the stakeholders are demonstrated with
the last sprint’s shippable product and discuss it with the team. The interviewee
3 and interviewee 7 expressed their opinion about the daily stand-ups and review
meeting as follows:

“It (Daily stand-up) makes it easier to grab on to [the ongoing sprint work].. you have more
feeling with the process itself instead of guessing the process or accepting the stuff someone
else says.. Now you can see and experiment it yourselves..”

(
iv-pi-3

)
“[...]in the scrum review meeting where every stakeholder will come and see what we de-
veloped in the last sprint, so they [the stakeholders] can the feedback and to see what can be
done in the upcoming sprints. So, these kind of meetings were really helpful in the way that
we needed to understand what the business wanted from us [IT team], and they [the business
team] could understand what we can give them”

(
iv-pi-7

)
Since the above meetings are meant only within teams or departments, the orga-
nizations have to find their own ways to resolve the cross-dependencies between
the teams and departments. Principally, because of their self-steering nature, teams
are expected to resolve these dependencies on their own (with the help of the man-
agement if required) in a timely manner, so that the project status will not be af-
fected by any delays. However, the interdependencies between the systems can be
complex, and the number of involved teams can be very large at times. Thus, it
may not always be feasible to solve these issues without management support by
the teams. As another solution to this dependency issue, some of the interviewees
talked about having the ‘feature teams’, which is a team formed with the people who
are skilled working in different systems, united together in work on a single feature
or epic. They believe that this formation will resolve the dependency issues that
are currently being a present with the current ‘component teams’, where people are
organized as such they are all working for a single system

(
iv-pi-2, iv-pi-5, iv-pi-6

and iv-pi-7
)
. The interviewee 7 narrated about their way of handling the mentioned

inter-dependencies as follows:

“[...]besides the scrum meetings, we have introduced our own meetings to adapt Scrum into
our way of working in the sense that, not scrum of scrums, but intra-team meetings.. because
our projects are always linked. There is no team that is doing only what they are doing, so
you always have dependencies with other teams. So to solve that, we have alignment meet-
ings. Each week, each month, depending on what the project’s nature is. We are always
aware of each others’ work, and when something needs to be in place. If this does not happen,
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we always give and get the immediate feedback as soon as we know of it”
(
iv-pi-7

)
The other important factor evolved from the interviews was knowledge sharing.
Since most of the scrum teams are having similar setup (Scrum Master, Team, Prod-
uct Owner etc.) and since the DevOps has broken the organization based on skill
sets (Ops team, testing team etc.,), it is important for the people to share knowledge
of best practices among each other in order to avoid re-engineering. The Spotify
term used to mention this knowledge sharing groups as ‘guilds’ and many of the
interviewees agreed that this knowledge sharing part is given with less importance
by the people than it should be.

Overall, most of the interviewees agreed that many of the processes are clear to un-
derstand but the difficulty is only in making everyone following them to obtain the
full benefits out of it. They mentioned that the processes are required to be adapted
in the way they are being followed rather than changing the process itself.

4.1.4 Technology factor of Agile and DevOps adoption:

The technology dimension was intended to learn how the technology intervenes and
eases out the processes being followed within an organization.

All the interviewees agreed that automation is significant especially, in their DevOps
way of working. By looking at the activities within the Agile software development
and delivery processes, almost everyone agreed that the test automation is the first
thing that they would like to accomplish and the next one is automatic deployment.
When it comes to the continuous software engineering practices, Continuous inte-
gration

(
the frequent integration of newly written code into actual software’s exist-

ing code
(
Davis and Daniels, 2015

)
is something that everyone is aiming to achieve

if not done already. Next to that, people are interested to establish the pipeline for
the continuous delivery

(
Continuous Delivery is the ability to deploy the software

at will
(
Neely and Stolt, 2013

))
. However, when it comes about continuous deploy-

ment (frequent deployment of incremental software update into production
(
Savor

et al., 2016
))

, some of the interviewees were not very sure about having it since they
mentioned that the banking systems and their interdependencies are complex.

The interviewees mentioned that the younger technologies are easier to be auto-
mated than the older ones, not mainly because of the technology itself, but mainly
due to the people working with those technologies. Many accepted that the younger
minds have the drive towards automation than those who are working without
automation for decades. However, interviewees mentioned that the popularity of
cloud technology is getting high with the automation of banking systems as well.
The organizations have a separate team which keep discovering the latest tools that
enable automation within their organization, and their compatibility with the exist-
ing systems or applications. One of the interviewees talked about such an initiative
applied within their organization to ease out the automation as follows:

“in our organization, they have a central team who does all the research and the development
on the pulling [continuous integration] pipeline actually.. they make sure that the contin-
uous integration happens.. that is for the build.. and continuous deployment happens.. so
they are two separate pipelines based on separate technology lines basically.. for java, you
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have separate pipeline.. for .net separate pipelines..etc. and they provide the services.. so
every team that gives built-in, spot and keeps that built-in and [...] [IT team management
personnel] will tell them[the team] to subscribe to that particular pipeline [...] the team will
be extending and utilizing the pipeline for their project.. but the central framework, guide-
line, everything they [the central team] will give.. [...] Maybe not all the technologies are
covered by them.. they are given for the popular ones.. for some, it is not there.. then that has
to be done by the teams themselves and give it back to the central team..”

(
iv-pi-6

)

4.2 Summary

This summary highlights the important points from the collected data according to
the organizational, people, process and technology factors.
Organizational factors:

• Organizational restructuring happened at both banks including both at the
team levels and management levels.

• In the new organizational structure, the Product Owner role has the responsi-
bility of achieving business value from team’s work; IT management has the
responsibility of the human resources part including skills and performance;
Agile coaches help to instill the agile principles and tailor the practices within
the organizations. The communication between the development and opera-
tions have become less formal although various DevOps team structures have
been identified.

• The people evaluation methods are revised and 360degree feedback sessions
are identified.

• The organizational culture has become less hierarchical and the management
teams are becoming less bureaucratic.

People factors:

• Open communication is identified as the most important characteristic required
for DevOps environment.

• Agile coaches are found to be helpful with making the transformation among
people.

• People within the team are getting more freedom and more authority over the
way of performing the assigned tasks of the team. This was perceived as the
major difference from traditional way of working.

Process factors:

• All the interviewees follow Scrum method within their teams. Most of them
follow all the Scrum defined processes but the processes are adjusted to suit
their environment and needs.

• The large scale agile methods have been identified and followed so that the
Agile can be followed within the enterprise. No specific name of such methods
have been mentioned by the interviewees.



Chapter 4. Current Agile and DevOps practices at Dutch Banks 41

• The requirements are managed as ’Epics - Features - User stories’ and they
are continuously defined, prioritized and analyzed before the developmental
activities by the teams and the business stakeholders ie. Product Owner.

• Various change management activities were identified but no clear organiza-
tional level strategies had been heard.

• Knowledge management was identified as an important aspect within the new
organizational structure. The ’guilds’ are identified as the common practice to
share knowledge among people who share the same expertise. However, this
was found to be a non-strict activity and so taken for granted.

Technology factors:

• Every interviewee agreed that automation is significant for the new DevOps
way of working.

• Younger technologies are easier to automate due to available tools and the
younger mind-sets working for those technologies and it is opposite to the
older technologies and so legacy systems.

• Cloud adoption is becoming prominent among banks.
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5 Towards the development of
artifacts

This chapter is presenting the results of data analysis performed on the data col-
lected from both practitioners and the available literature. Based on the results, the
basic components namely, drivers, perspectives and focus areas are identified. Later,
by grouping the discerned components, the intended deliverables namely, drivers,
DevOps implementation framework, and the framework variations per driver are
developed. According to the definition from oxford dictionary, "artifact is an obser-
vation in a scientific investigation that is not naturally present but occurs as a result
of the investigative procedure". Considering this definition, the mentioned deliv-
erables of this thesis are called as artifacts, since they are the conceptual elements
which result from our interpretation of the collected data.

5.1 Artifact 1: Main drivers behind Agile and DevOps adop-
tion at financial organizations

The first artifact is presenting the list of drivers, which represent the main reasons
why the financial organizations desire to implement DevOps besides Agile. Such
reasons are collected in general from the past literature but this list is developed by
filtering out the specific motivations of participating organizations.

This artifact is developed since understanding the purpose of DevOps and Agile
implementations may help us to bring up the suitable framework addressing the
right needs.

5.1.1 Driver 1: Agility and Customer-centricity

The first and foremost driver for DevOps adoption was identified as the ’Agility and
Customer-Centricity’ and, as previously discussed in section 2.2.4, earlier studies
have identified that DevOps supports and enhances the Agile practices (Lwakatare
et al. 2016b). Most of the agile practices are corroborating to this main driver as they
are allowing the organization to be more flexible to the customer requirements by be-
ing constantly in communication with them (Diebold and Dahlem 2014). Tseng and
Lin

(
2011

)
defines agility as the enterprise’s ability to respond fast to the changes

in the market and customer demands
(
p.3697

)
. Liang and Tanniru

(
2007

)
defines

customer centric information systems are those that consider customer value as the
main business driver and they are dynamically developed according to the customer
preferences and needs. From the interviews, it was understood that the financial or-
ganizations are moving towards Agile and Devops in order to develop the customer
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FIGURE 5.1: Drivers for Agile and DevOps adoption at Dutch Banks

centric software products while meeting the internal requirements of an organiza-
tion such as cost reduction and productivity improvement (iv-pi-1; iv-pi-4; iv-pi-7).

5.1.2 Driver 2: Efficient value delivery to customers

From the interviews, the second emerged driver for implementing DevOps along
with Agile was the ability to deliver the value to the customer as fast as possible
with minimum possible cost and without deteriorating the quality of the software
being delivered. Agile increases the speed of the upstream processes of the soft-
ware development such as, identifying business needs and developing the software
accordingly (Geurts 2016). On the other hand, the speed of downstream processes
such as verifying, validating and delivering the software can be improved with the
help of DevOps (Geurts 2016). While Agile helped the business to perceive the past
sprint’s development during the sprint review, DevOps facilitates better assurance
of quality and efficient delivery by bringing the rest of the IT teams closer with De-
velopment through cooperation and tooling (Erich et al. 2014b).
"[...]for a bank, ultimately what they want is, faster delivery.. earlier, [with waterfall ap-
proach,] to deliver a feature, it was taking a couple of months, [but] they wanted to do it in
a much faster time.. I think the DevOps, whole setup is going to help them to do the faster
delivery.. because previously, what we used to do is, we have this so many layers.. [for ex-
ample] the business [team] talks to BA, the BA writes all these documentation, and then it
comes to the IT and business knows what is happening only after a couple of months.. if there
is any change that has to be done, it is already too late..” (iv-pi-5)

5.1.3 Driver 3: Cooperative culture

The next important driver is the cooperative culture, where people really work to-
gether with shared goals towards their main objective, delivering value to the cus-
tomers. With the restricted responsibilities within the siloed organization structure,
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people did not have the need to think or have the freedom to work outside their
defined roles and responsibilities. Thus the stakeholder perspectives on their work
were restricted only to the part of the system development and delivery process, that
they were involved with (Iden et al. 2011).
Thanks to the Agile software development process, the wall between the customers
and development team was brought down as a consequence of the frequent com-
munication possibilities and smaller iterations. Also the introduction of Product
Owner role, who has the responsibility of bringing the business value out of the
team’s work, has already helped the development roles such as business analyst,
developer and tester to align their goals towards delivery of the software. DevOps
has enhanced this scenario further by allowing all possible roles within the system
development and maintenance to work closely with each other, which has largely
enriched the communication among the involved IT stakeholders (iv-pi-6). Sev-
eral studies agree with this and they mentioned this cooperative culture has lead to
several positive effects within the organizations such as frequent operational feed-
back and user feedback, reduced chance of product failure after deployment, im-
proved transparency and collaboration among stakeholders and better work culture
(Lwakatare et al. 2016b; Erich et al. 2014b; Erich et al. 2014a; Ravichandran et al.
2016a). Additionally, when followed within the enterprise level, the collaborative
nature of the improved work culture reduces re-engineering and thus speeds up the
process (Geurts 2016).

"there is more transparency.. everybody is openly telling what is happening to each other..
that is because of the change.. the problems get solved faster.. because you [people] bring
impediments to the board faster.. there is more awareness.. everyone is talking and then
they know what each other is doing.. these 3 were all hidden before [Agile and DevOps
implementation] though work was going on.. but you bring these factors as in, and then you
see the biggest advantages in terms of visibility and transformation.." (iv-pi-6)

5.1.4 Driver 4: Empowered People

The next identified driver is the upbringing of ’empowered people’ within the orga-
nizations. As discussed, the less bureaucratic the culture becomes, the more control
people get themselves within the organization. In order to make the best use of this
potential, teams are supposed to be capable of more than what is described in their
job descriptions (iv-pi-3). The environment enables people as a team to work on real-
izing the goal of the team instead of focusing only on their individual achievements,
and it helps them to take responsibility over others’ work as well (iv-pi-5). The
DevOps environment allows people to share their tasks with each other and so aug-
ments their role within the team. Unlike the strict organizational structure, the new
DevOps structure encourages people getting experience in as many tasks as possi-
ble of those within team’s responsibility. Instead of simply executing the assigned
work, people are expected to pro-actively participate in pre- and post-execution of
their work, and they are demanded to think on a bigger scope without just being
constrained to their own application/system/role (iv-pi-7).

“I think one of the main reasons is that it[DevOps] will make your team more efficient..
in the sense that, in a way that the team is responsible not just for creating it also for main-
taining it.."(iv-pi-3)
“besides the team takes the ownership of the application, each individual team member when
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they are fully involved in the whole life cycle of the product, so from development until sup-
port, they can take ownership themselves.."(iv-pi-6)

5.1.5 Driver 5: Focus on continuous improvement

The next emanated driver from the interviews is the increased focus on continuous
improvement of organization inclusive of both people and process. Agile promotes
incremental software development and delivery

(
Principle 3

)
since it allows teams

to learn from their past delivery cycle and thus helps them to become better progres-
sively

(
Principle 12

)
. The collaborative working nature of DevOps teams help peo-

ple to communicate frequently and so get the feedback on their piece of work faster
than ever before, which helps them to correct their mistakes and improve their work
quickly (iv-pi-7; iv-pi-5 and iv-pi-3). The Scrum practices such as retrospective and
review meetings, and the emphasis on automation that comes with DevOps think-
ing can all be considered as results of continuous improvement. The interviewee 1
rightly pointed out the change of focus observed within the Agile and DevOps or-
ganizations as following:
"years ago, there was a focus on delivery.. now [ie. after implementation of Agile and De-
vOps] it is on both delivery and continuous improvement.. so more thinking about how can
we do a better job.." (iv-pi-1)

5.1.6 Driver 6: Process and stakeholder alignment

The alignment among various stakeholders such as business teams, IT teams and
end users is identified as the following driver for Agile and DevOps implementation.
Such an alignment requires collaboration and communication among IT teams and
customers, and between organizational units themselves. This was identified as the
top objective for Agile implementation in various large scale organizations accord-
ing to the research of Hobbs and Petit

(
2017

)
. Mostly in agile organizations, project

teams are provided with the accountability of delivering software and the manage-
ment groups such as project manager and product owner have the decision making
power. In order to realize the success of the Agile projects, the alignment among
the project teams and management groups is significant (Cockburn and Highsmith
2001). In Agile methods, the business team meets the project team regularly atleast
at the end of every sprint and this helps them to align with each other (Hobbs and
Petit 2017). DevOps allows the Operations team members to be in frequent collabo-
ration with the development team so that they have more awareness about current
development and helps them prepare better for the deployment part of the same
(iv-pi-3; iv-pi-5).

5.2 Perspectives and Focus Areas

Next, we are identifying the perspectives and focus areas since they will be helping
to form the intended DevOps implementation framework as described in Section 1.
The perspectives are identified from the literature as mentioned from Chapter 2, and
they are maintained further since they were accepted by the interviewees as appro-
priate to incorporate all the relevant adoption factors.
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The focus ares are the principal sections that require attention within every per-
spective regarding the Agile and DevOps adoption. These focus areas are patterns
identified mainly from the interviews and they are further explained with the corre-
sponding literature studies. The relationship among the involved perspectives can
be visualized as given in figure. 5.2.

FIGURE 5.2: Relationship among the involved perspectives

5.2.1 Organizational Perspective

The first one is the organizational perspective and it includes all the focus areas
that the higher management of a typical non-DevOps enterprise should consider
and facilitate in order to constitute the landscape within an organization to foster
DevOps mentality. A summary of identified focus areas and the drivers that are
related to them can be identified in the following table ??.

Focus Area 1:
(
Sub-

)
organizational Structure

The first focus area within the organizational perspective is about the structure of
the organization and the sub-organizations. The large sized financial organizations
such as banks have several sub-organizations, which are the smaller units that fo-
cus on specific products or services or applications within the bank. These sub-
organizations have one or more agile teams. This focus area concerns with the or-
ganization of team members within the teams and the organization of teams within
the sub-organizational unit.

Concerning the structure of the teams, DevOps leads to teams that bring together
experts such as, software development professionals and operations professionals
so that, they can share their skills and experiences (Huttermann 2012). The team
structure should allow for live and peer-to-peer communication within the team but
not via management or tickets (Sharma 2017; Swartout 2014).
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TABLE 5.1: Matrix of focus areas related to organizational perspective
and the drivers

Focus Area

(FA)#

Driver 1:
Agility and
Customer-
centricity

Driver 2:
Efficient value
delivery to
customers

Driver 3:
Cooperative
culture

Driver 4:
Empowered
people

Driver 5:
Focus on
continuous
improvement

Driver 6:
Process and
stakeholder
alignment

FA1: (Sub-)
organizational
structure

X X X X X

FA2: Agile and
DevOps oriented
people evaluation

X X X

FA3: Large-scale
agile practices

X X X X

FA4: Open and
trusted environment

X X

FA5: Training and
Guidance

X X X

FA6: The leadership
commitment

X X X X X X

In terms of how the team members are located, following possible capabilities can
be determined for the team structure (Swartout 2014, p. 32).

• Everyone should be physically at the same location

• Sending required people to rest of the team

• Using video conferencing

With respect to the way, how Development and Operations teams are integrated, the
following four capabilities can be arrived (Huttermann 2012, p. 81).

• Extend Development to Operations is the way of applying production-relevant
items early and often as part of the development process.

• Extend Operations to Development allows collaboration in the sense of stream-
ing information from operations back to development.

• Embed Development into Operations requires changing processes across de-
velopment and operations so that the development activities, goals and team
are embedded onto the operations’.

• Embed Operations into Development brings operations team into the devel-
opment team, so that they work closely to provide the best solution possible.

Because this focus area concerns about the construction and composition of the sub-
organizations within an enterprise, we believe that this focus area is related to the
following drivers:

• Driver 1: Agility and Customer-centricity
Rationale: The flat and networked organizational structure that encourages
teamwork by cross-functional linkages, drawing loose boundaries among func-
tional units is identified as one of the main characteristics of agile enterprises
(Sherehiy et al. 2007). Although there is no empirical study found that is fo-
cusing on the impact of organizational structure on organizational agility or
customer-centric behavior, Wendler

(
2013) has identified organizational struc-

ture as one of the concepts related to organizational agility. In addition, both
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the research and the collected interview data confirms that the organizational
structure is impacted by the DevOps practices (iv-pi-2; iv-pi-3; iv-pi-4; iv-pi-6;
iv-pi-7; Shahin et al. 2017; Nybom et al. 2016).

• Driver 2: Efficient value delivery to customers
Rationale: Faster operation time and quickness in the product/ service deliv-
ery are certain capabilities of Agile organizations (Sherehiy et al. 2007). The
integration of Development and Operations personnel helps to achieve effi-
cient value delivery to customers whereas agile methods were able to make
only the development faster but not the delivery (Virmani 2015).

• Driver 3: Cooperative Culture
Rationale: The DevOps structure which removes or even weakens the silos
among Dev, Ops and other roles is found to increase the collaboration. The
organizational structures where responsibilities can be mixed or shared are al-
lowing people with different roles to communicate and collaborate more. This
fact was supported by both the literature and the interviews (iv-pi-3; iv-pi-4;
iv-pi-7; Nybom et al. 2016).

• Driver 4: Empowered People
Rationale: Both the Agile and DevOps stresses to have an organizational en-
vironment where the knowledge as well as the control is decentralized; tasks
are shared; and high degree of flexibility is observed so that coordination be-
comes informal and personal. Such an environment is hard to achieve without
making appropriate changes in the organizational structure. Thus making ap-
propriate changes in the organizational structure and providing appropriate
infrastructure is important to emphasize the culture of empowerment, which
helps for the close collaboration among involved stakeholders (Sherehiy et al.
2007; Shahin et al. 2017).

• Driver 6: Process and Stakeholder alignment
Rationale: Agile enterprises are characterized to have close contact with the
customers and other relevant stakeholders, while practicing frequent and face-
to-face communication to achieve efficient and faster work deliveries (Hameed
et al. 2016). Without the right structure within the organization, the alignment
among the involved stakeholders and so the involved processes can not be
regulated.

Focus Area 2: Agile and DevOps oriented People Evaluation

The next focus area is regarding the people evaluation and performance reviews
that are commonly conducted within an organization. Agile and DevOps transfor-
mations require people to put certain level of social efforts to make it successful.
For example, both DevOps and Agile advocate people interaction, mentoring, team
work and knowledge sharing. Thus, the performance evaluation should be consid-
ering such non-technical skills besides the technical skills required for the actual job
(Conboy et al. 2011). However, it is imperative for the organization to make sure that
the method of evaluation is team-based, encourages collaboration over competition
among team members and teams, and not conflicting with the behavioral needs of
Agile and DevOps (Davis and Daniels 2015). Additionally, the rewarding scheme
appreciates the work of the team and encourages them to improve together as a
team, but not at the individual level (Walls 2013; Swartout 2014). Furthermore, the



Chapter 5. Towards the development of artifacts 49

organizations should move on from waterfall-styled annual or semi-annual perfor-
mance reviews to shorter and frequent feedback cycles like Agile software processes
(Davis and Daniels 2015).

360 degree feedback is a method in which anonymous feedback about an employee
is gathered from multiple sources of his/her immediate work circle. This can be
used by the responsible management to provide a constructive feedback to the cor-
responding employee so that they will be encouraged to focus on improving them
further but not complaining them or making them guilt of their mistakes (Davis and
Daniels 2015).

Deduction: The organization’s people evaluation system should
(
1
)
focus on eval-

uation of the team for project performance,
(
2
)
consider the non-technical skills and

other abilities required for the Agile and DevOps way of working, and
(
3
)
encourage

goals of individuals and teams to be non-conflicting.

The drivers for which this focus area is contributing are given below.

• Driver 3: Cooperative Culture
Rationale: As explained above in the description, cooperative culture can be
seeded and grown when it is encouraged by the management. The team can ei-
ther win or fall, but always together. Chatman and Barsade

(
1995

)
highlighted

that one of the ways to promote cooperation is changing the reward structure
to make the cooperative way of working more alluring (Chatman and Barsade
1995; Ravichandran et al. 2016a; Gill 2002).

• Driver 4: Empowered People
Rationale: The positive feedback on people will lead to reinforcement of their
innovative outcomes achieved through gained self-confidence and the motiva-
tion to self-development (Quinn and Spreitzer 1997; Huttermann 2012).

• Driver 5: Focus on continuous improvement
Rationale: When the whole team is rewarded for bringing a good product,
they will work together to improve the involved processes which would result
in better product (Walls 2013). Moreover, providing regular and frequent feed-
back would result in smaller improvement points, which are comparatively
easy to achieve and reflect (Huttermann 2012).

Focus Area 3: Large-scale Agile Practices

According to Williams and Cockburn, "Agile is the best suit for co-located teams of
about 50 people or fewer who have easy access to user and business experts and are
developing projects that are not life-critical" (Dingsøyr and Moe 2014). However,
the increasing popularity of the agile methodology has enticed many larger orga-
nizations including banks towards embracing them. Nevertheless, the adoption of
Agile at the large scale is not the same as that of the small scale organizations and
still the results of such larger implementations were found to be quite successful at
several organizations (Hobbs and Petit 2017). Thus, this focus area emphasizes on
tailoring the agile practices specific to the organization and following them through-
out the organization, not only at the team levels but also at the project and portfolio
levels across the enterprise.
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There are several scaling frameworks emerging in order to help with the enterprise
level Agile transformation. It is important for an organization to choose a suitable
framework or internally construct one in order to cope with the scaling of Agile
within the complete enterprise. Some of the popular scaling frameworks are de-
scribed below as per Vaidya

(
2014

)
.

• Disciplined Agile Delivery
(
DAD

)
: This is a hybrid approach that extends

Scrum with several other Agile methods such as Kanban and XP (Vaidya 2014,
p. 3). This framework employs four distinct life-cycles and expects the organi-
zation to fit into one of these.

• Large Scale Scrum
(
LeSS

)
: This framework helps to apply Scrum to very

large, multi-site and offshore product development. The LeSS has two frame-
works known as, LeSS Framework-1

(
suitable for upto 10 Scrum teams

)
and

LeSS Framework-2
(
suitable for more than 10 scrum teams

)
.

• Scaled Agile Framework
(
SAFe

)
: This framework articulates an organization

into three levels namely Portfolio, Program and Team levels, and it incorpo-
rates Agile and Lean practices at all the three levels.

The other such known methods are Scrum of Scrums, Spotify, Nexus and RAGE.
Each of the mentioned methods have a different criteria in terms of team size, sup-
ported Agile methods and practices, required technical practices and the organiza-
tion type (Alqudah and Razali 2016) but all of them attempt to conserve the benefits
of Agile but in larger organizational environments. Thus, it is essential for any or-
ganization to do their internal analysis to choose the best suitable framework for
their situation or fabricate their own method to scale agile within their enterprise.
The following drivers can be associated with this focus area based on the given ra-
tionale.

• Driver 1: Agility and Customer-centricity
Rationale: While the general agile methods like Scrum provide the guidelines
for team level practices, the scaled agile practices are necessary to manage the
project activities that are beyond the team level. Thus they help to maintain
the agility throughout the organization (Vaidya 2014).

• Driver 2: Efficient value delivery to customers
Rationale: When the agile practices are not followed throughout the enter-
prise, it affects not only those that do not follow but also those that follow due
to the inter-dependencies. Thus, the delivery of the agile teams get affected
due to their dependency on the work of non-agile teams (iv-pi-1).

• Driver 3: Cooperative Culture
Rationale: In the large scale agile development, the inter-team coordination is
as important as the collaborative communication that happens within a team
(Dingsøyr and Moe 2014). This is difficult to attain without following proper
scaled agile practices.

• Driver 6: Process and Stakeholder Alignment
Rationale: Due to the limitations of agile methods that limit to team level prac-
tices as mentioned with the above drivers, scaled agile practices are necessary
to align the stakeholders and regulate the processes within the larger organi-
zation or enterprise(Vaidya 2014).
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Focus Area 4: Open and trusted environment

The next focus area insists on having an open and transparent communication be-
tween the management levels and the rest of the organization. This focus area
emerged from the interviews, where multiple interviewees concurred that several
management decisions are not explained enough or the consensus with the team is
not expected. The teams following Agile and DevOps approaches are expected to
have an open communication to resolve issues early and to have the focus aligned.
This is an important characteristic not only for the teams but for the entire organi-
zation. Thus the organization should be clearly communicating the goals and objec-
tives of the decisions that involve teams, and keep the metrics visible for everyone
so that they can share the responsibility to achieve it together (Davis and Daniels
2015).

Deduction: The organization should formulate and communicate the goals, what
they want to achieve and probably the vision, how they want to achieve to all rel-
evant stakeholders and business. The skills and abilities of the people should be
trusted, thus their decisions should be respected by listening to them. No trans-
formation will be successful without the presence of trust and respect throughout
the organization (Davis and Daniels 2015). Above all, the organization should give
a safe environment for people to give their honest opinion and feedback without
being afraid of fear or abuse (Ravichandran et al. 2016b; Swartout 2014).

According to the given rationale, the following drivers are influenced by this focus
area.

• Driver 3: Cooperative Culture
Rationale: Without trust and respect among the people within the organiza-
tion, there will be no cooperation irrespective of the presence of tools and in-
frastructure (Walls 2013).

• Driver 4: Empowered People
Rationale: The successful agile organizational environment supports experi-
mentation, learning and innovation. It reacts positively to the changes in terms
of new ideas and technology. Such an environment will not be possible in an
organization, where high degree of formality, obedience, hierarchical author-
ity and hierarchical communication is insisted (Sherehiy et al. 2007). The em-
powered people spring from the organizational culture which promotes open-
ness and teamwork through participation in organizational decision making
(Quinn and Spreitzer 1997).

Focus Area 5: Training & Guidance

The following focus area is about handling the human impediments towards change
by providing proper training and guidance. Such impediments include lack of knowl-
edge, cultural issues, resistance to change, wrong mindset and lack of collaboration
(Gandomani et al. 2014).

To deal with the lack of knowledge impediment, it is crucial that everyone includ-
ing management, team and customers are all educated about the Agile principles
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and the adopted Agile method
(
s
)
. In order to manage the cultural and collabora-

tion barriers as well as the confrontation, the human facilitators - Agile coaches and
Agile champions are found to be of great help since they can influence the people
positively and to make the transition successful. Agile coaches can help with the
transition even from preparation phase itself; their responsibilities usually include
guiding and training management personnels, and they make sure that the transfor-
mation is on track. The agile champions are those who facilitate the transformation
and motivate others to follow the change process within the organization(Parizi et
al. 2014; Gandomani et al. 2014).

Growth mindset is one of the indispensable characteristics of the people within
the DevOps organizations. Likewise, encouraging and enabling that characteris-
tic is one of the main responsibilities of the DevOps organizations. People with the
growth mindset will believe that with enough time, effort and practice, they can at-
tain the the knowledge and skills that will help them to do their job better (Davis and
Daniels 2015). Although bringing up that growth mindset is up to the individuals
themselves, the organization can stimulate it by providing the learning environment
where, failures are seen as learning opportunities

(
not for the corresponding indi-

vidual alone but for the whole team
)
, innovations and new ideas are encouraged

and tried out before being dismissed right away and relevant investments are made
to up-skill the employees.

Deduction: Without providing the right trainings, support and guidance, organi-
zations can not expect people to adopt to the DevOps way of working and become
successful in it. Thus the organizations should analyze and invest on the suitable
ways of educating their people on Agile and DevOps as part of the transformation.

The drivers that are given below are impacted with this focus area in accordance
with the provided justification.

• Driver 3: Cooperative Culture
Rationale: The use of right experts such as Agile coaches help both teams
and management to get understand the strength of working in a united way
and how they should act so that the unity will not get affected. Moreover, the
trainings help people to have a common understanding on what Agile and
DevOps means to their organization and how they should incorporate it in
their way of working (iv-pi-2; iv-pi-3; iv-pi-6 and iv-pi-7).

• Driver 4: Empowered People
Rationale: The trainings on Agile and DevOps practices can help people to
understand why they undergoing this transition and how will it help them.
This awareness helps people to take ownership on themselves to act right dur-
ing the transition to take advantage of it and to motivate others in their team.
The interviewees agreed that the facilitators be of a great help to get adapted to
the new organizational culture, understand and utilize the authority that they
have at their own work (iv-pi-7).

• Driver 6: Focus on continuous improvement
Rationale: As indicated by several interviewees, the Agile and DevOps adop-
tion at larger financial organizations is a time-taking task, which will not hap-
pen in a short period of time (iv-pi-3; iv-pi-4; iv-pi-6). However, it is important
for the organization itself to allow people to gradually embrace the change by
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allowing them
(
1) to become aware of the transformation,

(
2) get educated on

the relevant topics,
(
3) accept the new set of practices,

(
4) put their learning

into practice by getting continuous support and practical guidance.

Focus Area 6: The Leadership Commitment

This focus area talks about supporting Agile and DevOps and also practicing Agile
at the top level - higher management and executive level of an organization. Rigby et
al. pointed out that Agile methodology is suitable for several C-suite activities such
as strategy development, resource allocation, cultivating breakthrough innovations
and improving organizational collaboration. This helps them to understand how
and where Agile works and where not. This will help the senior managers to work
on the highly valuable work that can be done only by them. Some examples of such
tasks are, creating and adjusting the corporate vision; prioritizing strategic initia-
tives; simplifying and focusing work; assigning the right people to tasks; increasing
cross-functional collaboration; and removing impediments to progress (Rigby et al.
2016).
Horney et al.

(
2010

)
lists out the following specific requirements for agile leaders:

• Provide guidance and directions to teams working across time zones, cultures
and organizational barriers

• Take more risks by briskly connecting talent and moving information and
knowledge around the globe

• Maintain a laser-like focus on employee commitment and engagement across
generational, global, cultural and demographic boundaries

• Make collaboration among suppliers, partners, customers, part-time employ-
ees and consultants a signature part of organizational culture

The following Agile Model given in figure 5.2 taken from (Horney et al. 2010) pro-
vides the five critical drivers and the corresponding skills of leadership agility.

The macro-managers of an ideal Agile environment practice ’leadership and collab-
oration’ rather than ’command and control’ management. They set goals and con-
straints, bring in the collaborative environment where innovation can flourish, and
individuals can effectively apply their competence (Cockburn and Highsmith 2001).

In short, the agile leaders should not only support but also practice the agile meth-
ods to perform their leadership activities. The agile leaders require to exercise
several leadership agility skills for harvesting organizational success. This focus
area is expected to have an effect on the following drivers as explained below.

• Driver 1: Agility and customer-centricity
Rationale: Some interviewees raised a concern that their higher management
encourages them to follow agile but they are not following it themselves (iv-pi-3;
iv-pi-4; iv-pi-6; iv-pi-7). Nevertheless, the organizational agility can be achieved
only when all the individuals including managers follow agile (Seo and Paz
2015).
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FIGURE 5.3: Leadership Agility Skills duplicated from (Horney et al.
2010, p. 32)

• Driver 2: Efficient value delivery to customers
Rationale: The self-organized agile teams can fail to be effective when their
leadership is not agile, and when the traditional management practices are
applied. The agile leadership should support teams by removing obstacles
that prevent them achieving their goals and, the leaders are expected to set the
standard and be the role models for others (Parker et al. 2015).

• Driver 3: Cooperative culture
Rationale: The role of management is crucial is transitioning individual work
culture into self-organizing teams that value cooperative work culture (iv-pi-6;
Moe et al. 2010). The effective leaders promote cooperative culture by activities
such as spending enough time with the people in the team, declaring and cel-
ebrating success with them and balancing the needs of team and individuals
(iv-pi-7; Parker et al. 2015).

• Driver 4: Empowered people
Rationale: Self-determination, the ability to choose their own work, is a char-
acteristic of empowered people and people can exhibit this ability only when
they are not micro-managed (Quinn and Spreitzer 1997).

• Driver 5: Focus on continuous improvement
Rationale: Agile philosophy puts a great emphasis on achieving the customer
satisfaction, for which continuous improvement of people and processes are
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vital. Several studies identify that the management commitment and support
as a principal factor for the success of process improvement within organiza-
tions (Zahra et al. 2017; Gatchalian 1997; Kouzari et al. 2015).

• Driver 6: Process and stakeholder alignment
Rationale: As shown in figure.5.3, agile leaders should be a central point of
collaboration for all involved stakeholders. A successful agile leader has to
manage the stakeholders by connecting with them, gathering insights from
them, and giving timely response to them (Horney et al. 2010).

5.2.2 People Perspective

Cockburn and Highsmith
(
2001

)
mentions that the most important people factors

required for the agile environment are: amicability, talent, skill and communica-
tion. This perspective identifies the most important people characteristics required
for the effective working at Agile and DevOps based organizational environments.

A summary of focus areas identified within this perspective and their related drivers
can be located in table 5.2.

TABLE 5.2: Matrix of focus areas related to people perspective and
the drivers

Focus Area
(FA)#

Driver 1:
Agility and
Customer-
centricity

Driver 2:
Efficient value
delivery to
customers

Driver 3:
Cooperative
culture

Driver 4:
Empowered
people

Driver 5:
Focus on
continuous
improvement

Driver 6:
Process and
stakeholder
alignment

FA1:
Cross-functional
skillset

X X X X X

FA2: Aligned
goals and
responsibilities

X X X X X X

FA3:
Communication
and collaboration

X X X X X

FA4: Teamwork X X X X X X

Focus Area 1: Cross-Functional Skill-set

The following focus area is about the characteristics of cross-functional teams and
team members’ knowledge, skills and abilities for the effective cross-functional col-
laboration which is required for the DevOps environment of an organization.

DevOps enables cross-functional skill-set in team members since the DevOps teams
consist of different skilled professionals such as programmers, QA and operations
personnels. These cross-functional teams, which in general, consist of all different
skill-set required for an end-to-end task completion regarding a software product or
service, allow people within the team to share tasks and so knowledge with each
other. This leads to the team situation, where every individual has at least a general
understanding and basic knowledge of other’s domains besides their own expertise
area (Huttermann 2012). Such individuals, who has a deep knowledge in one area
but a good understanding of other knowledge areas along with the skills required
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for the agile and DevOps environment are known as T-shaped individuals and their
representation is shown in Figure.5.4 (Demirkan and Spohrer 2015).

Abidin et al.
(
2017

)
identified the following skills as the requirements for the people

within the agile teams. In case of DevOps teams, these skills can be considered as
the requirements for all roles within the team but not only for the developers. These
skills are further described in detail as part of the upcoming focus areas.

• Communication

• Time Management

• Leadership

• Decision Making

Given the corresponding explanation, this focus area is related to the following
drivers.

• Driver 1: Agility and Customer-centricity
Rationale: Multi-skilled and flexible personnel, and the cross-functional teams
within an organization provide the organizations with the ability to observe
and react faster to the changes (Tseng and Lin 2011).

• Driver 2: Efficient Value Delivery to Customers
Rationale: Cross-functional DevOps teams comprise of cross-functional peo-
ple can allow people to perform tasks outside of their specialty. This leads to
the efficient use of resources and also faster delivery of the work items (Brown
et al. 2013; Tseng and Lin 2011; Pinto et al. 1993).

• Driver 3: Cooperative culture
Rationale: The ability and interest towards learning other’s tasks lead to shar-
ing responsibilities with each other. When the people from different roles use
the same language and terms to discuss details, the discussion becomes more
valuable and practical. Thus the cross-functional cooperation among team
members help to build trust and respect on one another (iv-pi-4; iv-pi-7).

• Driver 4: Empowered People
Rationale: People empowerment can be at its two ends. From the organiza-
tion’s end, people should be allowed to take their own decisions regarding
the tasks related to their roles. At the same time, from the people’s end, they
should be having the right skills to utilize their empowerment in the right way.
This emphasizes on the importance of people having the required soft skills
besides their functional skills (iv-pi-2).

• Driver 6: Process and Stakeholder alignment
Rationale: Team-working is the central theme of both Agile and DevOps. It
was accepted as the mainly required skill by most of the interviewees (iv-pi-1;
iv-pi-2; iv-pi-4; iv-pi-7). In an environment where people with different spe-
cialties work together, it is not enough for a person to be an expert only in
his/her own job and without those personal skills required for the teamwork.
The knowledge and awareness of other people’s work will be of help to speak
the same language, get the right understanding of the conversation and thus
may help to align roles with each other.
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FIGURE 5.4: Infographic representing the skill-set of a T-shaped pro-
fessional adapted from (Demirkan and Spohrer 2015, p. 13)

Focus Area 2: Aligned Goals and Responsibilities

Huttermann
(
2012

)
defines team as a "working group in which members work to-

gether closely, cooperatively, and interdependently to achieve a shared group goal"
(Huttermann 2012, p. 66). A DevOps organization itself can be considered as a sin-
gle team working towards the achievement of organizational goals and the defini-
tion holds true to every sub-group within the enterprise ie. the team of teams. As
mentioned the previous focus area - ’open and trusted environment’, a team’s goals
should be first drawn and then shared to all the relevant stakeholders so that they
can work together.

The sub-organizational goal should be aligned to the main goals of the enterprise
and in the same way, an

(
agile

)
team’s goals should be in-line with the correspond-

ing sub-organizational goals. Thus the people goals and their responsibilities should
be driven by the shared team goals which are associated to them.

FIGURE 5.5: Infographic emphasizing aligned goals within DevOps
Environment

Within a DevOps organization, the team goals should not conflicting with each other
but focusing on achieving a common goal that is beneficial to an user group. For ex-
ample, the following can be an example team goal and its implications:
Goal: Automating the functional test cases of ABC application before end of Q1
2018.
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The above team goal can drive the following activities among different stakeholders.

Role: IT Management
Responsibility: Allocate resources

(
people, time and budget

)
to let the team work

on this automation activity.

Role: Business team/ Product Owner
Responsibility: Reduce the scope of the development activities within the sprint as
the team spares time with automation activity.
Role: Team
Responsibilities:
- Develop, test and document the automated functional test cases.
- Use the automated test cases thereafter during the work of the sprint.

The emphasis on aligned goals and responsibilities may contribute to the following
drivers as per the given rationale.

• Driver 1: Agility and Customer-centricity
Rationale: The goal-directed coordination is identified as a characteristic of
agile enterprises (Sherehiy et al. 2007). Following a goal helps people to main-
tain the customer-centric behavior (iv-pi-4). As an example, picking the task
of highest priority instead of the one that an employee is comfortable working
with, can be seen as a customer-centric behavior which is instilled by the agile
way of working.

• Driver 2: Efficient value delivery to customers
Rationale: The adherence to shared team goals is found to be directly impact-
ing the task outcome of those teams (Pinto et al. 1993). Oppositely, the lack of
common understanding of the project’s goals is affecting the customer value
delivery (Augustine et al. 2005). The interviewees acknowledged the same ob-
servation at their work environments (iv-pi-4; iv-pi-7)

• Driver 3: Cooperative culture
Rationale: According to the researches of Pinto et al. and Ghobadi and D’Ambra,
the team member’s commitment to the shared project goals and their task ori-
entation strongly influences the cross-functional cooperation of those teams
and prevents them embracing competition for both tangible and intangible re-
sources (Pinto et al. 1993; Ghobadi and D’Ambra 2012).

• Driver 4: Empowered People
Rationale: The clear vision and challenge that comes with it drives the em-
powerment of the people. On the other hand, once the goal is understood, the
empowered people will start working for it autonomously but the challenges
come with it should provide the opportunity to improve themselves as well as
the organization (Quinn and Spreitzer 1997).

• Driver 5: Focus on Continuous Improvement
Rationale: Without an alignment between goals and responsibilities, the con-
tinuous improvement is not possible within any organization. DevOps imple-
mentation itself can also be seen as a ’continuous improvement’ activity, which
aims to bring the improvement in people’s way of working, organization’s re-
sults etc.. However, the success of the implementation is not at all possible
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without the involvement, support and the relevant action of people within the
organization.

• Driver 6: Process and stakeholder alignment
Rationale: It is only when working towards the shared goals, a group of indi-
viduals become a team. Additionally, the shared goals help them to align with
each other in terms of responsibilities, processes, tools and any other things
that are in common.

Focus Area 3: Communication and collaboration

Next focus area accentuates the need for effective communication and intense col-
laboration among the team members, IT management and business. While commu-
nication can be defined as sending and receiving of information, collaboration is the
act of working together to achieve a certain goal such as deliver a work product or
make a decision (Cockburn and Highsmith 2001).

With the act of communication, people do exchange knowledge, influence each other,
recognize each other’s work and build a community. By working collaboratively
within the community, people build trust and empathy for each other (Davis and
Daniels 2015).

By working together within a community, people should be encouraged to lead to-
wards a blameless culture where solutions are focused but not the mistakes. Re-
warding the good behaviors and celebration of success should be part of the com-
munity’s culture. The open and constructive feedback from each other should be ap-
preciated and encouraged. The following particulars regarding working agreements
are highlighted by (Huttermann 2012) for fostering collaboration within Agile teams
(Huttermann 2012, p. 67).

• An explicit set of agreements about how a team functions provides clarity that
prevents confusion and conflict later.

• Teams function together in many ways, and every team does it somewhat dif-
ferently. You can only assume that everyone shares the same understandings
if you have discussed and documented them.

• Working agreements help new members learn how to participate construc-
tively. They serve as the basic list of key dos and don’ts.

• In meetings, explicit working agreements help members stay accountable, be-
cause if they violate an agreement, any other member can point out what they
agreed to.

The following are such workplace agreement examples taken from (Huttermann
2012).

• Knowledge transfer: Developers pair with members of operations team and vice
versa. Pair only once per day.

• Time: When team meetings are set, make an effort to attend, be on time, come
prepared, help the team stay on task.

• Wise use of meeting time: Stick to one conversation at a time in meetings.
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Deduction: Like above, the teams can come up with the workplace agreements that
is suitable for their team situation. The agreements can be updated whenever the
team members feel that it is necessary. Moving forward, any team member may ask
for a test for an agreement at anytime. Others may clarify the question that was
raised, and all indicate their level of agreement.

• Driver 1: Agility and Customer-centricity
Rationale: Internal cooperation of people within the organization as well as
the close collaboration with other stakeholders such as customers and suppli-
ers are identified as the key characteristics of agile based organizations (Shere-
hiy et al. 2007). Working closely with customers and having frequent customer-
interaction makes the agile way of working more customer-centric. This char-
acteristic is augmented by DevOps way of working, since customers are as-
sociated not only with the development but also delivery and maintenance
activities of the team.

• Driver 2: Efficient value delivery to customers
Rationale: While quick development and timely delivery of products are iden-
tified as the capabilities of agile organizations, DevOps improves it by enabling
efficient delivery of products to customers by reducing the communication gap
between the Development and operations and other stakeholder, and by pro-
moting process automation (Sherehiy et al. 2007; Virmani 2015).

• Driver 3: Cooperative culture
Rationale: Regular communication along with task orientation and interper-
sonal relationships are found to be the keys for cross-functional cooperation
(Ghobadi and D’Ambra 2012). The improved communication and so enhanced
collaboration among different roles such as developers, testers, operations per-
sonnels, product owner and management was found to be a great advantage
of DevOps practices at agile organizations (iv-pi-3; iv-pi-4; iv-pi-5; Riungu-
Kalliosaari et al. 2016).

• Driver 5: Focus on Continuous Improvement
Rationale: The continuous improvement can be initiated by adopting blame-
lessness where people analyze the causes of issues and try to improve them
without simply pointing fingers towards each other. Furthermore, the prob-
lems identified as such should be communicated and dealt appropriately in
a timely fashion. This way continuous improvement can become an integral
part of the organizational way of working (Bessant et al. 2001).

• Driver 6: Process and Stakeholder Alignment
Rationale: Clear and open communication among teams and other stakehold-
ers help to avoid unforeseen circumstances and thus reduces friction (iv-pi-7;
iv-pi-4). In essence, transparent and timely communication help people to
align their expectations, adjust their planning so that the seamless cooperation
among them will be in place.

Focus Area 4: Teamwork

The next focus area draws attention to the teamwork aspect of people working in the
agile and DevOps organizations. Team work boosts not only the performance of the
team but also the individual performance, which in turn helps for the performance
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of the organization.

The Dickinson and McIntyre’s teamwork model Figure.
(
5.6

)
taken from Moe et al. is

used as the reference model to explain the important concepts involved in the team
work and also to show the relationship among them.

FIGURE 5.6: Dickinson and McIntyre’s teamwork model adapted
from (Moe et al. 2010, p. 482)

The main components of the model are explained below according to the explana-
tion taken from Moe et al.

(
2010

)
.

Team Orientation. It refers to the behavior of the team members towards each other
and their actions towards the team’s collaboration. Following are a few examples
(Moe et al. 2010).

• Giving more importance to the team goals

• Actively participating in the relevant aspects of the team

Team Leadership. This involves the leadership activities such as providing direction
and support to other team members, bringing structure to the team activities etc.
In the self-managing agile teams, this leadership has to be shared by multiple or
all team members. Some of such team leadership activities are,

• helping other team members to understand their task within the current de-
velopmental activity

• listening to the concerns of the other team members

Monitoring. It is about observing the team activities, the performance of other team
members and recognizing them whenever required. Thus it helps the team mem-
bers to provide the right feedback to other team members or to offer support to
others by being a back-up to their activities.

Feedback. This is regarding seeking and receiving feeback from, and providing
feedback to the rest of the team.

• Team members should be able to accept the negative feedback as well as the
positive information about them.

• The constructive feedback should be practiced focusing on the activities with-
out labeling the team members (Davis and Daniels 2015)
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Backup. This is about being available to provide support for other team member’s
tasks. This also implies that the team members are aware about each other’s
work and their knowledge is shared so that they can assist one another whenever
needed. The previously discussed ’cross-functional skillset’ of the team mem-
bers helps for the backup ability of the team members.

• Filling-in for other team members whenever needed

• Sharing tasks and knowledge with each other

Coordination. It refers to the timely execution and cohesive performance of team
members’ activities. In order to be coordinated, the team members need to com-
municate, influence the work of other team members and so being committed to
the shared goals as mentioned in the focus area ’Aligned Goals and Responsibil-
ities’, help them to coordinate better (Davis and Daniels 2015).

Communication. It is the exchange of information between two or more team mem-
bers. This aspect is involved in all other aspects of the teamwork as shown in the
Figure. 5.6 and the previously discussed ’Communication and Collaboration’
focus area can be accessed for more information on this.

The previous focus areas discussed in detail about the cross-functional skillset
(
Focus

area 1
)
, sharing goals and responsibilities

(
Focus area 2

)
and communication and

collaboration
(
Focus area 3

)
of the team. The model from Figure.5.6 connects all

those focus areas and positions them appropriately within the teamwork environ-
ment. Moe et al. had used this model for performing a case study in an Agile envi-
ronment and thus this model had already been found to be suitable for that.

Deduction: The presented teamwork model outlines the important components of
teamwork and it can be encouraged to be followed by the people to become aware
of the expectations within such an environment that demands intense communica-
tion, collaboration and cooperation. This is only a guiding model and the teams can
develop their own model or update the given one and follow it to make sure every
personnel has the same level of understanding of the team work.

Agile approaches all emphasize the need for distributed leadership through the cre-
ation of empowered teams, where each member takes personal responsibility for the
achievement of the team.

• Driver 1: Agility and Customer-centricity
Rationale: One of the success factors for Agile is self-organizing teams and the
strength of self-organizing teams is the ’teamwork’ (Moe et al. 2010).

• Driver 2: Efficient value delivery to customers
Rationale: Several literatures as well as the interviewees, all agreed that the
teamwork positively contributes to the efficient value delivery to customers
(iv-pi-4; iv-pi-5; iv-pi-6; Lindsjørn et al. 2016; Ravichandran et al. 2016a; Moe
et al. 2010). While agile encourages teamwork within development teams, De-
vOps extends it to operations and other traditional functional divisions (Lwakatare
et al. 2016a).

• Driver 3: Cooperative culture
Rationale: The cooperative work environment is a result of team work since
the it involves the components such as communication, coordination, cohesion
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and mutual support, which all contribute to the cooperative culture (Moe et al.
2010; Lindsjørn et al. 2016).

• Driver 4: Empowered people
Rationale: The self-organizing teams consist of empowered people, who has
the strong sense of responsibility towards their own work assignments as well
as the their team’s work. They commit themselves to the team tasks and per-
form it by coordinating with other people within as well as outside the team.
Both the interviewees as well as scientific literature agree that the cooperative
work of empowered people as a necessity for the success of modern organiza-
tions (iv-pi-4; iv-pi-6; iv-pi-7; Gatchalian 1997; Lindsjørn et al. 2016).

• Driver 5: Focus on Continuous Improvement
Rationale: When continuous improvement is seen as a regular outcome of
an endless process whereby steady innovations emerge, it is achievable only
when people at all levels within the organization support and strive towards
it (iv-pi-2; Bessant et al. 2001).

• Driver 6: Process and Stakeholder Alignment
Rationale: The teamwork is the result of people aligning with each other
within a team. Within an organization, people alignment is not only required
within the team but also outside the team whenever dependencies are in place.
Certain interviewees mentioned that they try to keep this interdependencies as
minimal as possible (iv-pi-6). Nevertheless, considering a complete enterprise
as a team of teams, the alignment among the teams is crucial for the success of
the enterprise and it is not possible without the teamwork.

5.2.3 Process Perspective

This perspective includes the important process areas that the agile organizations
need to consider within the context of DevOps. There are three such focus areas
derived for the process perspective namely, Change management, Knowledge Man-
agement and Continuous Process Improvement. The association between these fo-
cus areas and the identified drivers are summarized at the following table 5.3.

TABLE 5.3: Matrix of focus areas related to process perspective and
the drivers

Focus Area
(FA)#

Driver 1:
Agility and
Customer-
centricity

Driver 2:
Efficient value
delivery to
customers

Driver 3:
Cooperative
culture

Driver 4:
Empowered
people

Driver 5:
Focus on
continuous
improvement

Driver 6:
Process and
stakeholder
alignment

FA1: Change and
operations
management

X X X

FA2: Knowledge
management

X X X X

FA3: Continuous
process
improvement

X X X X
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Focus Area 1: Change and operations management

This focus area insists on developing a change and operations management frame-
work and integrating it with the project management method. DevOps practices
intend to reduce the time between the code commits of a change in the development
system and placing the change in the production system (Riungu-Kalliosaari et al.
2016). The changes can be due to bugs, enhancements or change requests of the sys-
tem (Huttermann 2012). Traditional change management processes can delay the
release for multiple days although the features could be developed and in ready-
for-release state (Chen 2015). However, this time period can be reduced and the
probability of change acceptance can be improved by involving operations groups
in the Change Advisory Board and by coordinating with operations maintenance
(Phifer 2011). Following are some example activities in that regard.

• Change review of prospective solution designs by infrastructure engineering
and operations groups to make sure that the current operations will not be
negatively impacted.

• ITIL organizations include change in the ’Forward Schedule of Change’ to en-
sure coordination with other planned infrastructure change and maintenance
activities

Mohamed
(
2016

)
has identified the following criteria that should be assessed re-

garding the change management of any DevOps organization. As per the author,
the following criteria have to assessed to identify the corresponding CSF’s and KPI’s,
and the corresponding actions need to be taken accordingly.

• Change management strategy

• Change management control board formulation

• Change automation

• Review process for each change

• Implementation of feedback loops

• Data migration strategy

Franklin
(
2014

)
has given the following general guidelines to develop the custom

change management framework for an organization.

• Make all the stakeholders aware what change management is and why is it
important

• Develop an change management framework which includes all activities
(
end-

to-end
)
and techniques, and integrate it with the project management method

• Train Project Managers, Business Analysts and other relevant stakeholders on
the change management framework

• Start using the framework and improve it based on the lessons learned every
time.

Deduction: The organization should develop the change management framework
that is suitable for them based on the input from all relevant stakeholders including
teams, and follow it. The above given guidelines and criteria can be considered
regarding the development of such a framework.
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This focus area can be related to the following drivers according to the given justifi-
cations.

• Driver 1: Agility and customer-centricity
Rationale: From the interviews, it was understood that every team or depart-
ment requires a different change management strategy due to several reasons
such as frequency of changes requested, nature of the application, customer etc
(iv-pi-1; iv-pi-3; iv-pi-6). When an organization wants to be highly customer-
centric, it is very important to satisfy their needs in a deliberate manner. Hence,
an appropriate change management framework is important so that all the in-
volved stakeholders are aware about the unified way of handling the changes.

• Driver 2: Efficient value delivery to customers
Rationale: When there is a proper change management process in place, the
involved stakeholders such as management or customers may try to influence
the sprint work by introducing last-minute changes. This may impact both the
quality of the product and the planned work of the team. As a consequence,
the project delivery may get affected (iv-pi-3; iv-pi-6). Thus, it is necessary to
have the proper change management process, which is agreed and followed
by all involved stakeholders which in turn is important for the timely delivery
of quality software products.

• Driver 6: Process and Stakeholder Alignment
Rationale: The alignment among all involved stakeholders such as team, cus-
tomers and IT management is required for establishing a change management
framework as mentioned by (Franklin 2014). Moreover, the developed change
management framework has to be in-line with the other processes such as re-
quirements refinement and, development and testing of requirements.

Focus Area 2: Knowledge Management

Thanks to Agile and also DevOps, the functional groups of people are disseminated
and restructured into cross-functional DevOps teams, which are formed around
value streams. This brings in a clear need for effective knowledge management
processes and activities so that continuous learning and coordination can happen
within the enterprise. So, this focus area elaborates on the subject of knowledge
management and highlights the relevant notes from the different literature.
Knowledge management is the process of ’gathering, analyzing, storing and es-
pecially sharing knowledge and information within the organization’(Phifer 2011).
Sharing of tools can also be included in the context of knowledge management in
DevOps organizations due to the central role of automation in it. The knowledge
management has a prime position in the DevOps culture, where trust and openness
plays an important role as discussed in the organizational and people perspectives
earlier(Phifer 2011). According to McGinnis and Huang, the knowledge within an
organization can be at three levels namely, individual, group and organization. Con-
sidering that, the knowledge sharing can be happening in three ways as below.

• Knowledge sharing between individuals : Also called as socialization where
two or more individuals share tacit knowledge i.e. the kind of knowledge
which is difficult to be written down (McGinnis and Huang 2007).
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• Knowledge sharing between groups or teams : The knowledge being trans-
ferred among between groups of individuals and it includes both tacit and
explicit knowledge

(
the knowledge that can be documented (McGinnis and

Huang 2007)
)

• Knowledge sharing between organizations : The knowledge being trans-
ferred between different organizations by utilizing their resources

The team level knowledge sharing may happen in two ways as given below
(
iv-pi-2,

iv-pi-3, iv-pi-4 and iv-pi-6
)
.

Intra-team knowledge sharing. This is about sharing knowledge among people
within the team. This helps the people within the team to acquire knowledge
about the technology, processes

(
requirement analysis, performance testing etc.

)
and techniques that the other team members are working with.
Examples: Team retrospective meetings, Pair programming, personal interac-
tions

Inter-team knowledge sharing. This is regarding the sharing of knowledge among
the communities of people who share their expertise in terms of the technology
or the role.
Examples: Knowledge sharing networks such as Community of practice

(
CoP

)
,

seminars and workshops

One of the interviewees mentioned about having a separate automation team within
their organization, which helps across sub-organizational units

(
a.k.a departments

)
to bring-in the automatic deployment pipeline (iv-pi-6). They can be considered as
a knowledge sharing network since they are collecting the new automation related
solutions and tools provided by one team and help to spread it to other teams. More-
over, being a single group of automation experts, they can provide advise and help
regarding any automation related tasks required within the teams. Thus, the expert
knowledge is shared throughout the organization and this can be identified as a per-
fect utilization of team level knowledge sharing.

As per the research of Wickramasinghe and Widyaratne
(
2012

)
, the knowledge shar-

ing in project team work environment is positively influenced by the following fac-
tors:

• Interpersonal trust

• Perceived rewards towards knowledge sharing

• Work-group communication mechanisms such as brainstorming and collective
problem solving

• Personal interactions such as wiki, emails and chats

Deduction: The organization and the people need to identify the suitable knowledge
management processes that work for them and support them with relevant tools
and infrastructure. People should be aware of the advantages and importance of
knowledge management practices and so encouraged to share knowledge with each
other.

This focus area can be associated with the following drivers as per the given ratio-
nale.
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• Driver 2: Efficient value delivery to customers
Rationale: While individual knowledge sharing help to build a team culture,
inter-team knowledge sharing help to avoid re-engineering. Overall, knowl-
edge sharing helps for efficient work delivery of organizations. Several other
studies appreciate the fact that DevOps provides an opportunity to share knowl-
edge and tools among different functional roles within an organization and
that being an important reason behind efficient value delivery as a result (Davis
and Daniels 2015; Swartout 2014; Huttermann 2012; Walls 2013).

• Driver 3: Cooperative culture
Rationale: Sharing of tools, information and knowledge is a part of the De-
vOps culture (França et al. 2016). This sharing makes the organizational cul-
ture into cooperative but not competitive. In addition, following formal knowl-
edge management strategies may help people to consider knowledge sharing
as one of their responsibilities (Ghobadi and D’Ambra 2012).

• Driver 5: Focus on continuous improvement
Rationale: Only when the existing knowledge is shared and applied, it makes
a way to revise and update that knowledge (iv-pi-7; McGinnis and Huang
2007). In this way, the knowledge management helps to improve both people
and process dimensions within an organization.

• Driver 6: Process and stakeholder alignment
Rationale: According to McGinnis and Huang

(
2007

)
, people within an or-

ganization play an important role in the knowledge management. Without
proper support, involvement and practice of people, knowledge management
can not happen successfully within an organization. Moreover, Agile methods
incorporate several processes that involve knowledge management activities.
However, they can all be fruitful only when practiced them correctly.

Focus Area 3: Continuous Process Improvement

Process improvement is a primary subject in both Agile and DevOps phenomena.
Cockburn and Highsmith

(
2001

)
describes that, ’agile processes are designed to cap-

italize on each individual and each team’s unique strengths: One-size-fits-one — ev-
ery process must be selected, tailored, and adapted to the individuals on a particular
project team’(Cockburn and Highsmith 2001, p.132). Smeds et al.

(
2015

)
mentions

that the DevOps helps to improve the planning and development processes with the
help of data from operations. Hence, this focus area aims to highlight the importance
of process improvement activities in Agile and DevOps organizations.

By design, Agile methods offer several possibilities that enable continuous improve-
ment. For example, Scrum events such as daily scrum, retrospective and review
meetings all intend to improve the processes by finding out the impediments as
early as possible. However, the experienced agile practitioners should be allowed to
customize the agile practices in order to make sure that it suits for their environmen-
tal needs. This is because, not only the project requirements but also environment
can keep changing due to several reasons such as people and culture. Thus, the ag-
ile processes need to adjusted, tailored and improved to suit the current situation
(iv-pi-7; iv-pi-6; Rigby et al. 2016; Cockburn and Highsmith 2001).
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The close communication between the development and operations’ roles in the De-
vOps environment allows to utilize several monitoring data such as infrastructure
monitoring and user behavior monitoring data during the early phases of planning
and development processes. These feedback loops facilitate the experimentation and
the continuous improvement within the engineering process (Smeds et al. 2015).

The metrics play an important role in measuring the process outcome. When re-
quired, the organizations can perform ’Root Cause Analysis’

(
RCA

)
to identify the

issues that are happening at any stage of the processes. This helps to identify the
root-cause of the issue and thus helps to figure out the corrective actions by the cor-
responding stakeholders. Following are two possible ways to perform this analysis
according to Davis and Daniels

(
2015

)
:

• 5-Why’s analysis: Asking ’why’ until the root causes are identified.

• Fishbone
(
a.k.a. Ishikawa

)
diagram: Systematic identification of causes and

grouping them into major categories

Deduction: The Agile and Devops adoption by large complex organizations require
experimentation and adaptation of the methods and processes to the organization’s
structure, culture, product/service strategy, human resource management policies,
customer interfaces, project roles and governance structures, including program and
project portfolio management (Hobbs and Petit 2017).

This focus area can be related to the following drivers as per the given rationale.

• Driver 3: Cooperative culture
Rationale: As mentioned with previous focus areas within people perspec-
tive, any group goal can be achieved with the support and participation of
all involved stakeholders in and outside the group. Continuous process im-
provement is an ongoing process but it has to be considered as one of the goals
of all the involved people. Thus, maintaining the proper communication and
cooperation of people is important to keep improving the process and thus
maintaining the high quality. Several studies as well as the interviewees men-
tioned about the importance of group culture and people behavior towards
continuous process improvement (iv-pi-1; iv-pi-6; iv-pi-7; Kouzari et al. 2015;
Zahra et al. 2017).

• Driver 4: Empowered People
Rationale: The improvement within an organization starts with one’s own
work. When the employees are given the opportunity to plan and perform
their own work, they will get to use their ability to improve the processes in-
volved (Gatchalian 1997). One of the interviewees mentioned that process im-
provement is something to be initiated by the people who use those processes
themselves (iv-pi-6). A good example for this is the automation of processes.
Until teams report of the processes that need to be automated and their jus-
tifications for the automation need, the management might not be aware of
it. However, the team should be encouraged to identify the improvements
required and communicate them appropriately.

• Driver 5: Focus on continuous improvement
Rationale: Focus on continuous process improvement is necessary to keep the
software process quality high, which in turn can help to produce better quality
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software (Almomani et al. 2018). Moreover, the tailored processes give more
benefits than the standard ones (Kouzari et al. 2015).

• Driver 6: Process and stakeholder alignment
Rationale: As indicated previously, continuous process improvement is not
possible without the support of people. When people are involved, they cer-
tainly have to align themselves to keep achieving a goal. A recent systematic
literature review study identifies that the involvement and support of stake-
holders including team and management influences the success of software
process improvement (Zahra et al. 2017).

5.2.4 Technology Perspective

This perspective identifies and describes the focus areas which require attention
from the technological standpoint within the DevOps implementation. The two
main focus areas identified as such are

(
1
)

Tooling and automation;
(
2
)

Continu-
ous software engineering practices.

TABLE 5.4: Matrix of focus areas related to technology perspective
and the drivers

Focus Area
(FA)#

Driver 1:
Agility and
Customer-
centricity

Driver 2:
Efficient value
delivery to
customers

Driver 3:
Cooperative
culture

Driver 4:
Empowered
people

Driver 5:
Focus on
continuous
improvement

Driver 6:
Process and
stakeholder
alignment

FA1: Automation
and tooling

X X X X

FA2: Continuous
Software
Engineering
Practices

X X X X X X

Focus Area 1: Automation and Tooling

Automation is found to be the technological enabler of DevOps. Riungu-Kalliosaari
et al. highlights that one of the core DevOps principles is ’the use of agile princi-
ples and automation to configure and manage deployment environments’, whereas
(Huttermann 2012) mentions that ’automation is an essential backbone of DevOps’
(Riungu-Kalliosaari et al. 2016; Huttermann 2012). Since several other literature as
well as the interviewees agreed with the importance of automation in DevOps, this
focus area accentuates the same with more details.

Although the organizational and people factors are the most influential in the Agile
and DevOps adoption, usage of tools and the automation provide a significant con-
tribution to the process factor since they provide several benefits such as,

(
1
)
improve

the process quality by reducing the manual errors;
(
2
)
provide the traceable solu-

tions by giving the ability to track all the executed steps;
(
3
)

reduce time on per-
forming the most repetitive and most time-consuming activities; and

(
4
)

produce
consistent and repeatable results and make the process transparentHuttermann.
Huttermann advices that the automation activities should be driven by technical
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considerations and they must result in concrete benefits. Thus the following pit-
falls need to be considered before deciding on the level of automation (Huttermann
2012).

Law of marginal costs. It has to be considered that the automation system develop-
ment and maintenance costs time and money.

Verb/Noun mistake. Testing is a process ie. verb but the test cases are artifacts
i.e.noun. This has to be understood to avoid unnecessary work.

Paradox of automation. Huttermann advises to be aware of the paradox of automa-
tion which says that human involvement becomes less but critical when the level
of automation gets higher in a system. This is because, when the automated sys-
tem is unavailable due to any error, it may take a lot of time to identify and fix
the error. Thus strong skills are required to maintain the automated system.

Irony of automation. High automation may result in amateur human operator who
cannot fix the system when it fails.

According to the above, the organization should perform efficient automation
which makes humans more crucial but not novice, while considering the involved
cost, time and other possible pitfalls as discussed.

In accordance with the given explanations, this focus area can be related to the fol-
lowing drivers.

• Driver 1: Agility and customer-centricity
Rationale: Automation of key process segments help to reduce the time-to-
market, shortens the response time for change requests and customer feed-
back which all lead to improved customer satisfaction (Babar et al. 2017). The
cross-functional collaboration within DevOps teams help to unify the process
automation and the usage of tools (iv-pi-4).

• Driver 2: Efficient value delivery to customers
Rationale: Reduction of cycle time

(
time taken between the initiation and the

delivery of a work item
)

is identified one of the major improvements identi-
fied by DevOps implementations and the role of automation is significant in it
(Erich et al. 2014b; Lwakatare et al. 2015; Ravichandran et al. 2016a). Several
authors agreed that this ability to deliver faster leads to more frequent releases
which together lead to efficient delivery of value to the customers (Erich et al.
2017; Sharma 2017; Ravichandran et al. 2016a).

• Driver 5: Focus on continuous improvement
Rationale: Automation enables identifying the most-error-prone and the most-
time-taking process areas and automate them in order to gain all the advan-
tages in terms of time, money and value (iv-pi-4; iv-pi-6).

• Driver 6: Process and stakeholder alignment
Rationale: One of the interviewees mentioned that the people including team
members and management need to initiate the automation within their orga-
nization. As mentioned with the previous focus area - ’Aligned goals and re-
sponsibilities’, people need to make automation as their team goal and take
responsibilities in order to accomplish this. This is not possible without the
alignment of all involved stakeholders and the corresponding processes.
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Focus Area 2: Continuous Software Engineering Practices

Although the relationship is not very clearly identified, many studies include contin-
uous software engineering

(
SE

)
practices within the context of DevOps(Fitzgerald

and Stol 2014; Sharma 2017; Huttermann 2012) and its magnitude was acknowl-
edged by the interviewees as well (iv-pi-3; iv-pi-4; iv-pi-6; iv-pi-7). Thus the next
focus area aims its attention towards the continuous software engineering practices
within the agile and DevOps organizations.

As discussed in Chapter 2, there are several continuous software engineering
(
SE

)
practices detailed in the literature such as continuous planning, continuous security
and continuous compliance. However, continuous integration and continuous de-
livery are mentioned as the two core practices that are primarily required for agile
based DevOps organizations while others are mentioned as supporting capabilities
(Sharma 2017). The figure.5.7 shows the relationship between some popular con-
tinuous SE practices and their span across the software environment. Continuous
delivery means that every change in the code is proven to be deployment-ready at
any time whereas, continuous deployment means that the code will be deployed in
the production. According to this distinction, Continuous delivery is mentioned as
a mandatory capability whereas, continuous deployment is optional Sharma, p.19.

FIGURE 5.7: Infographic on Continuous Software Engineering
(
SE

)
practices adapted from (Sharma 2017, p.17)

The given matrix in figure.5.5 from (Farid 2017) highlights how different continuous
SE practices employed in the DevOps environment help to eliminate the given lean
software development wastes. The mentioned wastes are briefly described below.

• Delays: The waiting time that delays work of different roles. Main causes were
identified as lack of communication, understanding and trust among stake-
holders.

• Extra features: Additional features added by team or customers which do not
bring expected business value.

• Extra processing: Unnecessary knowledge transfer and documentation of ap-
plications between departments for example, from Developers to Operations,
which can cause time delay and might lead to poor knowledge lead and knowl-
edge rediscovery.
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• Motion: Lack of information transparency and indirect communication.

• Incomplete work: Poor requirements analysis and late discovery of errors may
lead to partial completion of features or service.

• Task switching: Switching between tasks due to issues such as insufficient
knowledge and incomplete planning.

• Defects: Poor testing and incomplete requirements that lead to defects.

TABLE 5.5: Matrix of Lean software development wastes and
DevOps practices (Farid 2017, p.270)

Lean Waste vs
DevOps Practice

Continuous
Planning

Continuous
Feedback

Continuous
Delivery

Continuous
Integration

Continuous
Testing

Continuous
Monitoring

Delays X X X
Extra features X X X X X
Extra-processing
(Re-learning)

X

Motion X X X
Incomplete work X X
Task switching X X
Defects X X X

Deduction: The organization should identify and implement the mandatory and the
most relevant continuous SE practices so that the mentioned wastes can be reduced
or eliminated, thus efficient work results can be achieved.

This focus area can be related to the following drivers as per the stated rationale.

• Driver 1: Agility and customer-centricity
Rationale: Continuous SE practices enable the frequent delivery of features to
customers and thus entitles faster feedback from the customers or users. This
faster feedback cycle impacts the rest of the development and helps them to
build the right product according to the wishes of the customer. This flexibility
is supported by Agile development process and thus leads to better customer
satisfaction (Chen 2015).

• Driver 2: Efficient value delivery to customer
Rationale: The continuous SE practices enable shorter feedback loop in every
stage of the continuous delivery and deployment process, which in turn leads
to reduced time between the identification and solving of an issue (Shahin et
al. 2017; Sharma 2017; Chen 2015).

• Driver 3: Cooperative culture
Rationale: Due to the necessity, DevOps practices such as continuous delivery
demands more frequent collaboration among different roles as well as require
them to share certain responsibilities. This leads to the cooperative work cul-
ture, where people work together on a task where everyone involved is con-
tributing (Shahin et al. 2017).

• Driver 4: Empowered People
Rationale: Sharing of responsibilities as well as continuous SE practices tend
to reduce the manual work done by testers and operations personnel. This
situation helps them to utilize their time to get awareness about the tasks and
responsibilities of other roles such as developers, bring them to be in close
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collaboration in with other stakeholders. Besides that, the DevOps way of
working enable them to voice their opinion about the design and development
decisions such as deployment pipeline (Shahin et al. 2017).

• Driver 5: Focus on continuous improvement
Rationale: The continuous SE practices such as continuous monitoring will
help to identify the behavior of the application or system and allow analysis
of several technical metrics, so that the system health can be continuous mon-
itored and improved (Sharma 2017).

• Driver 6: Process and stakeholder alignment
Rationale: Each of the continuous SE practice is specific to certain roles

(
but

not titles
)
. For example, Continuous integration is a practice meant for devel-

opers, whereas continuous deployment is an operations practice and continu-
ous release is a business practice (Stahl et al. 2017). Furthermore, these prac-
tices can have logical dependencies. For example, continuous deployment is
the automatic deployment of software to some environment but not necessar-
ily to customers; nevertheless, continuous delivery is the automatic releasing
of software to customers (Fitzgerald and Stol 2014). Thus the alignment among
the corresponding processes as well as the involved stakeholders is certainly
important for the seamless implementation of continuous SE practices.

5.3 Development of the DevOps implementation framework

5.3.1 Artifact 2: The generic DevOps implementation framework

The generic competence model given in figure 5.8 has been built by arranging the
identified perspectives and their corresponding focus areas. This model has been
built with the aim of educating the people within the financial organizations that
undergo Agile and DevOps implementation. The model can also serve as a refer-
ence framework highlighting the primary subjects of interest in terms of focus areas
within organizational, people, process and technology perspectives.

5.3.2 Artifact 3: Relationship between the identified drivers and the com-
petence model

In this subsection, according to the rationale explained within every focus area, the
proposed DevOps implementation framework has been adjusted to highlight the
relevant focus areas that require primary focus per driver.

These developed variations do not really mean that the highlighted are the only
required focus areas that are required for the achieving the corresponding drivers.
Rather, the highlighted focus areas are found to be impacting the driver or related
to the driver according to the data collected from the interviews andor from the
literature studies.



Chapter 5. Towards the development of artifacts 74

FIGURE 5.8: Proposed DevOps implementation framework for Agile
based large financial organizations

FIGURE 5.9: DevOps implementation framework variation highlight-
ing the focus areas specific for Driver 1 : Agility and customer-

centricity
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FIGURE 5.10: DevOps implementation framework variation high-
lighting the focus areas specific for Driver 2: Efficient value delivery

to customers

FIGURE 5.11: DevOps implementation framework variation high-
lighting the focus areas specific for Driver 3: Cooperative culture
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FIGURE 5.12: DevOps implementation framework variation high-
lighting the focus areas specific for Driver 4: Empowered people

FIGURE 5.13: DevOps implementation framework variation high-
lighting the focus areas specific for Driver 5: Focus on continuous

improvement
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FIGURE 5.14: DevOps implementation framework variation high-
lighting the focus areas specific for Driver 6: Process and stakeholder

alignment
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6 Application of the artifacts to a
real-world scenario

6.1 Role of measurement units and heuristics

Measuring the progress is an important part of an organization’s transformation as
they allow them to assess the factors that are influenced with the change process so
that the necessary action can be taken when it is not progressing as expected. Fors-
gren and Kersten

(
2017

)
says that ’[organizations] can not improve what they do

not measure’ and so measuring the DevOps transformation as well as the involved
processes is quite important (Forsgren and Kersten 2017, p.2). Above all, one of the
key principles of both Agile and DevOps is ’continuous improvement’, which again
stresses on perform-assess-improve cycle.

While it is significant to measure the transformation, it is more important to choose
the right measurement units to perform the measurements. Because we get the
details of what we measure. Thus it is important to measure all relevant perspec-
tives among organizational, people, process and technology. Even several other au-
thors agree with this approach of measuring the mentioned different perspectives
(Ravichandran et al. 2016a; Swartout 2014). Therefore this section discusses about
using the developed DevOps implementation framework and the identified drivers
to delineate the selection of right measurement units, which would further be useful
to select the right metrics later.

Before getting into the discussion of using the developed artifacts in the role of met-
rics selection, it is good to know the list of heuristics about metrics defined by Hart-
mann and Dymond since they are not only suitable for Agile but also for DevOps,
considering DevOps as an extension of Agile (Hartmann and Dymond 2006). Ac-
cording to him, a good agile metric

(
in our case a good DevOps metrics as well

)
has

the following characteristics:

• Affirms and reinforces Lean and Agile
(
and DevOps

)
principles: The se-

lected metrics are not counterproductive but encourage the right behavior such
as teamwork

• Measures outcome, not output: The delivered customer value is measured as
the outcome.

• Follows trends, not numbers: The management considers the aggregated in-
formation and so not granular than the team level details.
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• Answers a particular question for a real person: Metrics measure the worth-
while information

• Belongs to small set of metrics and diagnostics: Less number of metrics but
enough information will be collected to get the required big picture.

• Is possible to collect: The relevant data is obtainable.

• Reveals, rather than conceals, its context and significant variables: Metrics
are well explained so that all the influencing factors are visible to avoid the
false assumptions.

• Provides fuel for meaningful conversation: The considered metrics encour-
age people to discuss about it.

• Provides feedback on a frequent and regular basis: The relevant metrics
should be applied to take the measurements periodically and so continuous
improvement will be possible.

• May measure value or process: Metrics measure anything that is suspected to
be a factor affecting the effectiveness.

• Encourages ’good enough’ quality: The metrics allow the business counter-
parts to define the expected quality so that the customer satisfaction can be
made sure.

6.1.1 Using the DevOps implementation framework to identify the right
measurement units

Every organization has a goal that reflects what are they trying to achieve by imple-
menting DevOps within their organization. The given figure.6.1 shows how the or-
ganizational goal can be connected to developed artifacts, drivers, perspectives and
focus areas from DevOps implementation framework and the relationship identified
between them. As depicted in that figure, the identified focus areas and perspectives
corresponding to the driver can be of help to identify the relevant measurement units
which help to measure the progress towards the achievement of goals.

FIGURE 6.1: Generic diagram representing the relationship among
goals, drivers, focus areas and measurement units

Sample 1: Goal - Faster delivery to the customer

One of the organizational goals of a Dutch financial organization, which partici-
pated in the study has a goal of expediting their process so that their customers can
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enjoy their service and products faster than earlier. In order to explain the deriva-
tion of suitable measurement units, the goal has been taken in two ways:

(
a
)

from
the people and organizational perspective and

(
b
)

from the process and technology
perspective as shown in figure.6.2.

FIGURE 6.2: Relationship among goals, drivers, focus areas and mea-
surement units specific to sample goal 1

In order to improve the time taken for delivery, it is important to first know how
much time it currently takes for any requirement including new feature related re-
quirements and change requests. Thus it is relevant to measure the

(
1
)

time that
takes between the initiation and the actual delivery of those requirements. How-
ever, it might not really be enough to keep looking at the overall time that is being
taken for the life-cycle of a requirement when the time stays indifferent. In that case,
we can have a deeper look into the time by checking it in two different ways, which
makes the given figure.6.2 to get separate branches into people and process perspec-
tives.

From the people perspective, the requirements can be checked to see
(
2
)

the time
period that a requirement stayed with different roles. It is useful to link the orga-
nizational perspective with people perspective so that the following questions can
arise:

1. why does that specific role keep these requirements longer?

2. What is the average time spent by that role on other requirements?

3. what can be done to reduce the time spent by that role?
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4. is this a common scenario with anyone taking that role or is it something spe-
cific to the person who took that role?

On the other hand, from the process and technology perspective, the requirements
can be checked to see

(
3
)

the time periods that a requirement stayed with involved
processes such as development or functional testing etc. This helps to identify
which process takes longer which in turn initiates an analysis such as,

1. why that specific process takes longer than others for a requirement?

2. what is the average time spent on that process for other requirements?

3. how can that process be improved to reduce time?

4. is the improvement required on the identified process or any other dependent
process? and

5. is it really the process that needs improvement or the people who involved in
it?

Asking such questions helps to identify where the obstacle is and how can that obsta-
cle be removed. The more important note is that these analysis should always lead
to the identification of metrics that provoke the discussion of improvement points in
terms of people, process or technology but not blaming each other.

Knowing the relevant focus areas which are related to the corresponding driver
helps to ask the relevant questions. Moreover, they can be of help to go on and
check the next relevant focus area from different perspectives so that the obstacles
indirectly related to the goal can be identified and so the measurement units can be
adjusted to measure the right focal point that needs attention.

Sample 2: Goal - Zero downtime

An other organization goal of the same organization is maintaining zero downtime
of their systems, which is a customer-centric behavior that focuses of providing the
maximum availability of their services to their customers. Although the goal is not
limited to process and technology perspectives, they are considered as the principal
ones since the goal is related to the systems. Thus, the figure.6.3 depicts the con-
sidered perspectives related to the goal of zero downtime and the relevant driver,
agility and customer-centricity.

FIGURE 6.3: Relationship among goals, drivers, focus areas and mea-
surement units specific to sample goal 2

As like with the previous sample goal, in order to bring the downtime of the sys-
tems to zero, the foremost important factor is to measure the

(
1
)
current downtime
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i.e. the amount of time that the system is not available for its end-users. However,
measuring only the downtime of the system is not useful by itself so it is also impor-
tant to look into the causes for system unavailability. For example, the system may
become unavailable due to the defects that occur in the system. If this is the case
most often, then the organization should measure the

(
2
)

number of production
defects that happen with their systems and analyze further to identify what can be
improved in terms of people, process or technology to eliminate those defects in the
future.

6.2 Sectional summary

This section first highlights the required characteristics of the measurement units
taken from another literature. Then it applies the developed artifacts from previous
section 5 into a couple of DevOps implementation goals

(
belong to one of the par-

ticipating organizations
)

to demonstrate the role of artifacts in deriving the relevant
measurement units.
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7 Artifacts Validation

The expert opinion sessions were conducted with 5 experts who have various levels
of experience working at financial organizations to evaluate the following developed
artifacts:

1. DevOps implementation drivers of agile based financial organizations

2. DevOps implementation framework for agile based financial organizations

3. Relationship between the identified drivers and developed DevOps imple-
mentation framework

This section describes the evaluation scenario by providing background of the par-
ticipated evaluators, the considered assessment criteria and also presents the evalu-
ation results.

7.1 Artifacts Evaluation Scenario

7.1.1 Preparation and execution

Regarding the evaluation session, the following items have been prepared.

1. Powerpoint presentation for the session

2. Interview protocol
(
Appendix C

)
3. Excerpt of the thesis report

(
Section 5

)
, which provides the documentation of

the developed artifacts

Due to the descriptive nature of the artifacts under evaluation, the evaluators’ have
been sent with the documentation of the artifacts and the interview protocol earlier
to the evaluation session. This has allowed the evaluators to go through the doc-
umentation and helped them to be aware of the artifacts even before the session.
According to my learning from the first session, the remain two session participants
have been sent with the presentation slides as well in advance.

During the validation session, the evaluators have been presented with the artifacts
one after the other and they have been asked with the criteria based questions related
to the corresponding artifact. Moreover, they have been allowed to go through the
printed documentation in order to get more details of any of the artifact whenever
required. Having two evaluators in every session allowed them to discuss details
with each other, which has enriched the evaluation results.
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TABLE 7.1: Artifact evaluators’ profile

Evaluation
session #

Evaluator’s
profile

Evaluator’s
background

1
Delivery Manager

A veteran software professional with more than 25 years of experience in
multiple positions and who currently leads multiple DevOps teams
at a large Dutch bank in the Netherlands.

DevOps team member
A senior team member and also an enthusiast of Agile and DevOps
paradigms who facilitates ongoing DevOps transformations
at a Dutch bank.

2
DevOps Architect

A DevOps architect who has 18+ years of working experience
in the IT industry and in the financial domain. This person has
consulting experience with DevOps implementation at several
organizations.

DevOps consultant
A business consultant with 13+ years of experience in the IT
industry. This person has 7+ years of experience in the financial sector.

3 DevOps team member
A young professional specialized in Operations and currently being
part of a DevOps team at a Dutch bank.

7.1.2 Profile of the evaluators

Since the developed artifacts are intended to be used for large scale agile based fi-
nancial organizations, the participating experts are all invited from multiple large
scale agile organizations within the Netherlands. All the participants are currently
working for or had past experience at a financial organization and they have all con-
tributed to or involved in at least one DevOps transformations so far. Moreover, the
developed artifacts are designated to be used by all levels of employees including
team members and managers. Thus, the expert profiles have been chosen to include
both as it can be seen in table. 7.1.

7.1.3 Evaluation criteria

Evaluation of artifacts is an important phase besides artifact development in design
science research

(
DSR

)
paradigm as they help to improve the artifacts iteratively

before they get implemented in the context (Wieringa 2010). The interview protocol
used for the validation of the current study artifacts can be found at Appendix C. The
evaluation criteria have been identified from the hierarchy of IS artifact evaluation
criteria developed by Prat et al.

(
2014

)
. The following table 7.2 provides the list of

evaluation criteria considered per artifact.

All the validation sessions were run with the same validation interview protocol(
Appendix C

)
and so the list of criteria remained the same throughout the validation

phase. The description of each of the considered criterion is given below.

• Completeness: This criterion assesses whether the artifact under assessment
is complete and is not missing any components in its list

(
drivers, perspectives

and focus areas
)
.

• Fit with organization: Since the developed artifacts are not specific to any
organization, this criterion is included to assess the suitability of the artifact
for the participant’s organization.

• Understandability: This criterion is included to assess whether the considered
terms are coherent and their meaning is straightforward.
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TABLE 7.2: Evaluation criteria per artifact

Artifact # Artifact Description Evaluation Criteria

1
DevOps implementation drivers
of agile based financial organizations

Completeness
Fit with organization
Understandability

2
DevOps implementation framework
for agile based financial organizations

Completeness
Fit with organization
Understandability
Usefulness

3
Relationship between the identified drivers
and developed DevOps implementation
framework

Accuracy
Usefulness

• Usefulness: It is the criterion that assesses how useful the artifacts are as found
by the evaluators. It was followed by exploratory questions that inquired how
and by whom the developed artifacts can be used within their organization.

• Accuracy: This criterion is used only for the last artifact and it is included
to understand the evaluator’s opinion on correctness of the relationship de-
rived between the identified drivers and the developed DevOps implementa-
tion framework.

7.2 Evaluation Results

7.2.1 Artifact 1: DevOps implementation drivers of agile based financial
organizations

The summary of evaluation results regarding the first artifact, drivers is given in the
table 7.3.

TABLE 7.3: Evaluation results of artifact 1

Criterion
Session 1 Session 2 Session 3

Evaluator 1 Evaluator 2 Evaluator 3 Evaluator 4 Evaluator 5

Completeness ++ ++ ++ ++ ++
Fit with organization +- +- ++ ++ ++
Understandability ++ ++ ++ ++ ++

++ Fully Agreed +- Partially Agreed - - Rejected

Completeness. The evaluators agreed that the identified list of drivers include most
of the reasons why their organization want to implement DevOps. The evalua-
tors from session 1 asked to look into the factor of ’cost’ since their organization
is looking at DevOps as a way to deliver value to their customers faster and also
cheaper. According to this comment, an analysis has been made and the driver
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’Faster value delivery to customer’ has been changed into ’Efficient value deliv-
ery to customers’ as shown in the following subsection 7.3. The other evaluators
have been shown with the updated list of drivers and they all agreed with it.

Fit with organization. One of the drivers namely ’cooperative culture’, was identi-
fied as not a suitable one for their organization by evaluator 1 although he agreed
with the rest of the drivers (iv-av-1). However, he acknowledged that it can be a
possible driver for other organizations. The other evaluators did agree that the
the list of drivers are suitable to their organization.

Understandability. All the evaluators agreed that the terms given to the drivers
were easy to understand and coherent to the context.

7.2.2 Artifact 2: DevOps implementation framework for agile based large
financial organizations

The summary of evaluation results regarding the second artifact, DevOps imple-
mentation framework including the perspectives and focus areas is given in the table
7.4.

TABLE 7.4: Evaluation results of artifact 2

Criterion
Session 1 Session 2 Session 3

Evaluator 1 Evaluator 2 Evaluator 3 Evaluator 4 Evaluator 5

Completeness ++ ++ ++ +- ++
Fit with organization ++ ++ ++ +- ++
Understandability ++ ++ ++ ++ ++
Usefulness ++ ++ ++ +- ++

++ Fully Agreed +- Partially Agreed - - Rejected

Completeness. Most of the evaluators agreed with the selection of the perspectives
and the focus areas as seen with completeness score in table. 7.4. When the
process perspective was concerned, some of the evaluators have mentioned that
the ’change management’ term is not complete for the corresponding focus area.
This point was discussed during the first sessions as well but they did not ask for
the change in the term since the given documentation is explaining about both
the development and operations part. Thus, we have updated the focus area
’Change management’ into ’Change and operations management’ as shown in
subsection. 7.3.

Fit with organization. Most of the evaluators agreed that the developed framework
is suitable to their organization.

Understandability. The evaluators agreed that the terms used for all the perspec-
tives and the focus areas are comprehensible.

Usefulness. When asked about the usefulness about the developed framework,
most of them agreed that the given framework is somewhat useful for their or-
ganization. They have told that the framework is definitely useful for those who
have not yet started with DevOps implementations but willing to do so. On the
other hand, since the framework is much more on the high level, they have told
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that the people working for mature Agile and DevOps organizations may not
find it useful.

7.2.3 Artifact 3: Relationship between the identified drivers and devel-
oped DevOps implementation framework

The summary of evaluation results regarding the third artifact, the derived relation-
ship between the drivers and the DevOps implementation framework by bringing
out the framework variations is given in the table 7.5.

TABLE 7.5: Evaluation results of artifact 3

Criterion
Session 1 Session 2 Session 3

Evaluator 1 Evaluator 2 Evaluator 3 Evaluator 4 Evaluator 5

Accuracy not assessed not assessed ++ ++ ++
Usefulness +- +- ++ +- ++

++ Fully Agreed +- Partially Agreed - - Rejected

Accuracy. The derived mapping of drivers and the DevOps implementation frame-
work components’ have been checked by the evaluators from sessions 2 and 3.
They have agreed with the derived mapping based on the given rationalization.
During the first session, this has not been assessed due to the shortage of time.
Some of the evaluators have told that although they agree with most of the given
justifications, they said that the supporting facts are based on a small dataset.
Therefore, they said that the accuracy of the derived relationships can not be
fully agreed since they may be different when the large dataset is involved.

Usefulness. When asked about the usefulness of the final deliverable, few of the
evaluators have got puzzled. Later knowing the possibility of using this deliv-
erable to derive the measurement units, they have agreed that this can be useful
for them. Some evaluators have told us that this can be useful for the metrics
identification before we could tell them about the same.
However, some evaluators have told that the generic nature of the developed
framework leads to a lot of overlap among the artifact 3 derivations. This over-
lapping limits the actual usefulness of this deliverable.

7.3 Evolution of the artifacts

7.3.1 Artifact 1: DevOps implementation drivers of agile based financial
organizations

The following figures 7.1 and 7.2 depict the initial and updated versions of the De-
vOps implementation drivers identified for agile based financial organizations re-
spectively. The updated version 7.2 has been developed based on the comments
received from the evaluators of the first validation session. They mentioned that the
given drivers miss the factor of cost as their organization see DevOps as a way to
perform their work in a cost-effective way. To authenticate the applicability of the
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received comment, the scientific literature has been approached. According to the
other studies as well, DevOps is indeed considered as a way to do develop and de-
liver software in a faster and cheaper way (Wouter J.W. Geurts 2001). Therefore, we
have renamed the second driver as shown in figure. 7.2 and adjusted the rest of the
documentation and other artifacts accordingly.

FIGURE 7.1: Initial version of identified drivers

FIGURE 7.2: Updated version of identified drivers after validation
session 1

Artifact 2: DevOps implementation framework for agile based large finan-
cial organizations

The given figures 7.3 and 7.4 show the corresponding versions of the second artifact
before and after update. The latter has been developed after validation session 2 and
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checked during session 3. According to them, the earlier given term ’Change man-
agement’ sounds specific to the developmental activities regarding the introduction
of a change. However, in an actual DevOps environment, the operational activi-
ties are also considered much more important since they make sure that the new
changes do not negatively impact the ongoing business activities. Thus, to comply
with that we have renamed the corresponding focus area as ’Change and operations
management’ and also updated the other parts of the document wherever needed.

FIGURE 7.3: Initial version of the artifact 2 - DevOps implementation
framework

FIGURE 7.4: Updated version of the artifact 2 - DevOps implementa-
tion framework

7.4 Summary of the artifact validation

This validation section narrates the evaluation scenario in section 7.1 by indicating
how the validation session have been run, the profile of the participants, and the
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considered evaluation criteria. Next, in section 7.2, the evaluation results are re-
ported per artifact. Finally, section 7.3 documents the changes done in the artifacts
according to the comments received during the evaluation sessions.
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8 Results and Discussion

8.1 Results

In order to answer the main research question, "How to design a DevOps imple-
mentation framework that is helpful for Agile based financial organizations?", we
have developed different artifacts by answering several sub-research questions by
following the design science framework. Thus, the sub-research questions are an-
swered first and then the main research question is answered later.

SQ1: Why are financial organizations interested in implementing DevOps besides
following Agile principles within their software development units?
Every organizational transformation should be well-thought and thus it should have
strong reasons why the transformation is needed after all. These reasons provide the
foundations for what an organization is trying to achieve in terms of goals. There-
fore, it is important to understand the general reasons for Agile and DevOps trans-
formations with any organization and these are summarized in Chapter 3

(
subsections

3.1.1 and 3.2.2
)
, results of the literature review. However, the specific reasons for fi-

nancial organizations have been understood from the practitioner interviews and
this has resulted as the first artifact - Artifact 1: Main drivers behind Agile and De-
vOps adoption at financial organizations

(
subsection 5.1

)
. This artifact identifies the

following six primary drivers.

• Driver 1: Agility and customer-centricity

• Driver 2: Efficient value delivery to customers

• Driver 3: Cooperative culture

• Driver 4: Empowered people

• Driver 5: Focus on continuous improvement

• Driver 6: Process and stakeholder alignment

SQ2: What are the different perspectives and the main focus areas that are required
for a DevOps implementation while following Agile principles at financial organi-
zations?
From the literature study that refers to subsections 3.1.2 and 3.2.3

(
Chapter 3), it is

understood that there are several factors that are involved in the Agile and DevOps
transformations of an organization and these factors play a crucial role in the success
of such transformations. Based on what these factors are about or who is responsi-
ble to those factors, the agile implementation factors are categorized into different
perspectives by different authors. However, it is understood from the practitioner
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interviews that these perspectives still hold true for DevOps transformational fac-
tors as well. Therefore, the following perspectives are deduced from literature and
utilized in this study. The details about these perspectives and the relationship con-
sidered among these perspectives can be found at subsection 5.2.1

(
Chapter 5

)
.

• Organizational perspective

• People perspective

• Process perspective

• Technology perspective

Knowing the perspectives from the literature, the main factors within every perspec-
tive that determines the success of the DevOps transformation has been identified
from the practitioner interviews. These factors are mentioned as ’focus areas’ since
these are the factors that specifically need attention towards the success of the trans-
formation but they are not the only factors involved in the DevOps way of working.
There are 15 such focus areas identified and every focus area is associated to one
of the given four perspectives. The more details about the focus areas like, what
a specific focus area is about, why is it considered as important for the DevOps
implementation and which perspective does the focus area belong to and why are
answered within the documentation of every focus area at subsection 5.2

(
Chapter

5
)
.

SQ3: How does a conceptual framework incorporating identified perspectives and
focus areas look like?
After identifying the perspectives and the corresponding focus areas, they have been
put together into one conceptual framework, which is shown in subsection 5.3. In
his journal article, Jabareen defines a conceptual framework as a ’plane of interlinked
concepts that together provide a comprehensive understanding of a phenomenon’
(Jabareen 2009, p.51). In our case, DevOps is the studied phenomenon, and the
developed framework highlights the relevant concepts in the name of perspectives
and focus areas.

SQ4: How can the relationship between identified drivers and the developed De-
vOps implementation framework be revealed?
In order to identify the relationship between the identified drivers

(
artifact 1

)
and

the developed framework, in terms of perspectives and focus areas, every pair of
driver - focus area combination has been investigated. Both the practitioner inter-
views and the literature studies have been probed for this activity. As a result, the
relationship between every possible combination of the driver and focus area is jus-
tified within the corresponding focus area documentation given in subsection 5.2(
Chapter 5

)
.

SQ5: How to identify and relate the measurement units to the drivers and the de-
veloped framework?
This question is aiming to give a direction to the organizations how they can use the
developed artifacts of this study to identify the measurement units

(
a.k.a. metrics

)
that can measure their progress towards their DevOps transformational goals. In
order to explain that, we have considered the real organizational goals of one of
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the participating financial organizations and explained how the relationship among
the goals, identified drivers, perspectives and focus areas of developed framework
may influence the identification of helpful measurement units that can measure the
progress towards the corresponding goals in Chapter 6.

Main Research Question: "How to design a DevOps implementation framework
that is helpful for Agile based financial organizations?"
From the question, it is obvious that the DevOps implementation framework is sup-
posed to be developed and it has been developed by answering the sub-research
questions 2 and 3

(
SQ2 and SQ3

)
. However, the intention was not to create yet

another framework but to create one that is useful for the financial organizations,
which has interest in agile software development methods. Thus, we have identi-
fied the drivers

(
SQ1

)
, developed the variations of the framework corresponding

to the identified drivers
(
SQ4

)
and also explained a real-time scenario, where the

developed artifacts can be applied
(
SQ5

)
. The developed conceptual framework

is generic in nature so that it can serve as a basic guideline for anyone who partici-
pates in a DevOps implementation and the evaluation results are acknowledging the
same. Moreover, we do want to highlight this process of involving the drivers and
measurement units to the development of the DevOps implementation framework
and thus the given main research question is formed as such. We believe that this
question has been rightly answered by combining answers to all the sub research
questions.

8.2 Discussion

The current study has developed a high-level framework that encompasses the var-
ious perspectives and the focus areas that are relevant for the successful DevOps
implementation of a large-scale organization. To maximize the usefulness of the
framework and to make it specific for the financial organizations, from where the
practitioners are selected to participate in this study, we have also identified the
drivers and we have demonstrated the derivation of measurement units based on
the DevOps implementation goals.

This study is comparable to other studies which identified the success factors of
an Agile implementation from various perspectives namely Chow and Cao

(
2008

)
,

Darwish and Rizk
(
2015

)
, and Hameed et al.

(
2016

)
. However, while the mentioned

the studies had concentrated on Agile, the current one has concentrated on a De-
vOps implementation where Agile is also followed. This study expects the involved
organization to already follow Agile or to implement Agile along with the DevOps
implementation.

Next, we want to compare this study with other DevOps maturity models that we
have reviewed in the section 3 of this report. While comparing this study with the
other mentioned studies viz. Mohamed

(
2016

)
, Bucena and Kirikova

(
2017

)
, and

Feijter et al.
(
2018

)
, the following differences can be observed: none of the men-

tioned studies are specific to the financial industry; the current study’s framework
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can be expanded to an ’organization specific maturity model’ in which every fo-
cus area is defined with the list of capabilities that the involving organization want
to progressively reach; on the contrary, the mentioned studies have developed a
generic maturity model, which may not be suitable to every organization but they
may not be suitable to be tailored; none of the mentioned studies have revealed their
model’s connection with the DevOps implementation goals and measurement units
as the current study has done.

8.3 Limitations of the study

External Validity. This refers to the extent to which the current study results can
be generalized to other population and settings. All the participating organi-
zations within the problem investigation and data collection phase are a sin-
gle type of financial organizations and they are comparably similar in size. On
the other hand, the evaluation phase includes people from both financial and
non-financial organizations but the participants have experience with Agile and
DevOps adoption at financial organizations. However, all the participants are
personally interviewed during the study and they are all based in the country
of Netherlands. Although the artifacts are developed not only based on the in-
terview data but also according to the data collected from scientific literature
studies, specifically the artifact 1

(
drivers

)
and the artifact 3

(
DevOps implemen-

tation framework variations per driver
)

have higher chances of affected by this
validity errors. Thus it is possible that the other studies that involve different
type of financial organizations from another geographical area may result dis-
similar outcome.

Internal validity. The internal validity is the measure that is related to the cause and
effect related errors. By the time of this study, the participating organizations
are undergoing implementations of Agile and DevOps and so their Agile and
DevOps implementations are in various maturity levels. Therefore, it is difficult
to identify the factors that are influenced only due to DevOps implementation
but not by Agile implementation or vice versa. Hence, there is a possibility that
another study may result in unlike artifacts due to their Agile and DevOps ma-
turity level and implementation history.

Face validity. Face validity attempts to measure how far a research study meets
its objectives. As mentioned in the earlier sections of the document, this study
attempts to bring up a DevOps implementation framework that is useful for
people within those agile based financial organizations to bring them aware-
ness, providing a base with their DevOps implementations and shows how to
identify the appropriate measurement units useful for their goal oriented De-
vOps implementation. In order to measure how far the developed artifacts are
perceived as useful and understandable, the criteria based evaluation sessions
have been conducted with industrial experts as explained in chapter 7. How-
ever, the face validation is performed only with a few experts who are all from
the Netherlands. This may not be enough to prove the usefulness of the arti-
facts, which may be necessary for the actual adoption of the framework for the
practical purpose.
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9 Conclusions

9.1 Research Contributions

This master thesis has developed certain artifacts, which are suitable for large-scale
agile based financial organizations in the context of DevOps implementation. The
implications of this study to the scientific community and to the practitioners in this
field are summarized as follows.

9.1.1 Scientific contribution

The developed DevOps implementation framework provides a high-level overview
of the involved perspectives and relevant focus areas within those perspectives.
As reviewed in section 3, there are similar models available for Agile implemen-
tation but not for DevOps adoption. Moreover, there is no specific DevOps adop-
tion framework available for financial organizations and thus the following scientific
contributions are observed from this study.

• Development of artifacts such as drivers, DevOps implementation framework
and its variations per driver specific for agile-based large-scale financial orga-
nizations

• Revealing the process of relating a framework with their drivers and measure-
ment units

While the first contribution highlights the developed artifacts specific to a user group,
the latter contribution guides any other researcher focusing on developing an imple-
mentation framework to relate it to the drivers

(
specifies why such an implemen-

tation is required
)

and the measurement units
(
specifies how they can contribute

towards measuring the implementation progress
)
.

9.1.2 Societal contribution

From the evaluation session results that is described in section 7, most of the prac-
titioners find the artifacts to be useful for their organizational scenario. The frame-
work has been kept with high-level components so that it can be convenient to ed-
ucate the people within the target organizations about the DevOps implementation,
and it is suitable to the organizations that already follow Agile or that want to imple-
ment DevOps along with Agile. Furthermore, section 6 of this document highlights
a scenario in which, the measurement units specific to the DevOps implementation
goals are being derived with the help of developed artifacts.
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Although the study has certain limitations as discussed in section 8.3, we believe
that these contributions are still worthwhile to a certain extent.

9.2 Future Research

From the evaluation results and the discussed limitations, there are several possibil-
ities identified to improve and extend this research as discussed here.

First of all, most of the people participated in the data collection as well as evalu-
ation of this study are having experience from large banks, one among the several
types of financial organizations. Thus, the future studies need to concentrate on per-
forming the research by involving people from non-bank financial institutions such
as insurance companies. Comparing the current study with another study focusing
on non-bank financial institutions may bring interesting results.

Secondly, as per one of the evaluators, the current study presents focus areas in
a very generic way such that the differences among the framework variations per
driver are very less. This seems to limit the usefulness of the developed framework
variations in a real-time implementation. Thus, the future studies are recommended
to develop framework variations such that the focus areas are more specific towards
achieving the corresponding driver with less overlap among other variations.

Thirdly, the current study artifacts have been evaluated with the expert opinion ap-
proach, which limits the validation intensity. Furthermore, we tried to apply the
artifacts to a real organization’s DevOps implementation goals to justify their usage
in a real world scenario. However, in order to measure the actual usefulness of the
artifacts and to improve them further, the technical action research should be used
as the validation method. The latter helps to test the developed artifacts by utilizing
them in a real financial organization’s DevOps implementation project so that the
concrete issues with the developed artifacts can be identified and further improved.

Finally, we do recommend to customize the current high-level framework by fill-
ing its focus areas’ content with the internal best practices of an enterprise and then
utilize the same for new DevOps implementations within the enterprise. In this
way, the developed framework can be used as a DevOps implementation knowl-
edge management aid, which helps to gather, share, utilize and update the DevOps
implementation best practices of a large-scale organization.

9.3 Report Summary

As like with any other industry, DevOps is becoming popular among financial soft-
ware organizations. Because of the advantages observed with Agile software de-
velopment methods such as faster development time, improved quality and high
customer-satisfaction, several large-scale financial organizations prefer Agile meth-
ods over traditional software development methods like waterfall software devel-
opment method. However, it is not still not clear why they are interested in imple-
menting DevOps along with or on-top of agile implementation. Thus, this thesis
concentrates on identifying the drivers for large-scale financial organizations to go
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for DevOps along with agile software development method. Nevertheless, with
DevOps adoption, several existing factors get affected and many other new factors
need attention. Thus, the current study brings up a framework based on the high-
level factors from different perspectives that are required for the DevOps implemen-
tation in such organizations and develops the variations of the framework based on
its relationship with the identified drivers. Later, to justify the usage of the devel-
oped artifacts - drivers, DevOps implementation framework and its variations, an
application scenario with a real organization’s goals have been presented.
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Investigation

Comparative Study on Agile DevOps Maturity & Team
Performance at Financial Organizations

Interview Protocol
Department of Information and Computing Science

Utrecht University
Utrecht, The Netherlands

Introduction

I am Anitha Devi Nagarajan, a masters student following Business Informatics pro-
gram at the Utrecht University. With regards to my graduation thesis that focuses
on financial organization’s Agile way of working specifically including DevOps, I
would like to conduct an interview with you to collect data from the view of prac-
titioners. Through my thesis, I am planning to bring up a competence model rep-
resenting the different perspectives and factors that are necessary for the success of
Agile and DevOps way of financial organizations’ working. Based on that, I intend
to develop a maturity model, which can be used as a maturity measurement tool.
Moreover, I am planning to measure the performance metrics of certain organiza-
tions and compare it with their maturity level to see whether there is any correlation
between them. I believe that the prospective maturity model will help the financial
organizations not only to measure their current maturity level but also to improve
their own performance metrics based on the maturity level from my assessment.

The interview is expected to take between 1 and 2 hours of time. During the inter-
view, the questions will be asked to gain an insight on the following: drivers and
goals for Agile and DevOps transitions, Agile & DevOps best practices from the
perspectives of people, process, product, and organization, current and future Agile
& DevOps practices of interviewee’s organization from the perspectives of people,
process, product, and organization, and Performance metrics related to the DevOps
implementation goals.

The interview data will help to me to gain the data from practical point-of-view as
well as to narrow down my research data on financial organizations. However the
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information collected from the interviews will be used together with the details col-
lected from the literature in order to develop the research artefacts (i.e. Competence
model and Maturity model).

Confidentiality

During the interview, I will be recording the complete interview for transcribing
purpose. All the information gathered during the interview will be treated with re-
spect and will be used only for scientific purposes. The interview data will be held
confidential and it will not be shared anywhere outside the university. The audio
recordings will be deleted at the end of the research. The effort will be made to
preserve the interviewee’s confidentiality by following code assignments for partic-
ipant’s name and organization.

Voluntary Participation

Your participation in this study is voluntary. It is up to you to decide whether or not
to take part in this study. If you decide to take part in this study, you will be asked to
sign this consent form before the interview begins. After you sign the consent form,
you are still free to withdraw at any time and without giving a reason. Withdrawing
from this study will not affect the relationship you have, if any, with the researcher.
If you withdraw from the study before data collection is completed, your data will
be returned to you or destroyed.

Benefits

Once the research is completed, the research report which consists of the research
artefacts as well as the comparative study results will be sent to you. The compe-
tence model will depict all the aspects that any financial organization will require
to embrace DevOps along with Agile practices and so it can be used as a reference
for the DevOps implementation in the Agile environment. The maturity model will
be of help to assess and move forward with the maturity level. Besides these, the
analysis on the relationship between performance metrics and the maturity level
may disclose some interesting facts between them. Thus, your organization can take
advantage of all the benefits by utilizing the artefacts and be informed of the com-
parison study results.

Consent

I have read and I understand the provided information and have had the opportu-
nity to ask questions. I voluntarily agree to take part in this study.

Participant 's signature Date

Researcher 's signature Date
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First of all, I would like to thank you for accepting to participate in this interview.
As I have mentioned in the informed consent document, I am going to ask questions
about your organizational practices regarding those factors that are involved in the
Agile adoption and DevOps implementation strategy of your organization.

General Questions

Firstly, I would like to ask some general questions about you and your organization.

1. Can you please elaborate your role and general responsibilities within your
company?

2. Can you please let me know when did your team(s) transform to Agile and
(then to) DevOps?

3. Can you please give me an overview of roles present in your AgileDevOps
organization? (number of teams, number & name of roles present within each
team, other common roles across teams etc.)

4. Are you following any specific Agile methods such as Scrum and XP within
your department? If so, what is it? How long have you been following this
Agile method?

Agile Questions

Secondly, I would like to ask questions about Agile adoption factors. In order to
achieve success with Agile adoption, there are several factors required to be kept in
place by organizations. Various studies have revealed that these factors belong to
dimensions such as organizational, people, process and technical dimensions (Dar-
wish and Rizk, 2015; Hameed et al., 2016).

Organizational dimension of Agile adoption

In the case of an organizational dimension, it was found that a cooperative corpo-
rate culture and a collaborative organizational environment are the most influencing
factors of Agile success (Chow and Cao, 2008; Hameed, Latif and Kholief, 2016).

1. Do you think that Agile has been universally accepted and followed within
your organization?

(a) If yes, can you please justify your answer with some supporting state-
ments?

(b) If not, where do you think that the acceptance is lacking?

2. Can you please explain how does the management and executive level people
influence the success of your Agile projects?

3. Other than normal day-to-day development work, do you recognize that Agile
has impacted any other organizational activities such as team distribution and
internal reward system?
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4. Has Agile brought any changes into the corporate culture of your organiza-
tion?

(a) If yes, can you please point out such changes?

(b) If not, do you think that the current corporate culture is supporting agile?
How?

5. What are all the future changes you expect to be brought into this dimension
to sustain agility within your organization?

People dimension of Agile adoption

Next, I would like to move on to people dimension of Agile adoption. Within
this aspect, literature identifies customer involvement and team capability as the
main success factors regarding Agile (Darwish and Rizk, 2015; Hameed, Latif and
Kholief, 2016). Moreover, Agile values customer collaboration over contract negoti-
ation (Value 3).

1. How is the customer involvement is ensured throughout the Agile software
development lifecycle within your organization?

2. How does your organization help to keep up the bonding between team and
customers?

3. What are all the future practices to be implemented within your organization
in order to improve and maintain the customer relationship?

Process dimension of Agile adoption

Understanding organizational and people aspects, I want to switch over to the pro-
cess dimension of Agile adoption. Previous studies have identified that it is im-
perative to have a good project management process and project definition process
for attaining success with Agile projects (Darwish and Rizk, 2015; Hameed, Latif
and Kholief, 2016). Although agile encourages to welcome changes (principle 2),
ill-defined project requirements would definitely impair the success of any project
(Chow and Cao, 2008).

1. Can you please elaborate agile project requirements elicitation practices that
are being followed (along with roles involved) within your organization?

2. How do you manage with the changes being introduced during the develop-
ment process?

3. What are the future practices to be implemented in order to improve project
scoping and requirements definition processes within your organization?

Agile emphasizes on continuous improvement through learning from mistakes (prin-
ciple 12) and supporting Agile methods like Scrum, support this principle through
various time-boxed events such as daily and retrospective meetings.

1. Could you detail on the activities that control the status of the project within
your organization?

2. How do these activities influence the day-to-day work of team members?
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3. How does your organization help your team to participate in these activities
with motivation?

4. What are the future improvements you anticipate within your organization in
order to improve such Agile progress tracking activities?

Technical dimension of agile adoption

Last but not least, technical factors play an important role in any Agile project suc-
cess by selecting appropriate Agile method, practices, tools and techniques (Darwish
and Rizk, 2015; Hameed, Latif and Kholief, 2016).

1. What are the all the practices being followed within an Agile project develop-
ment process within your organization?

2. How are these practices supported with related tools?

3. What are the future improvements to be made in terms of practices and tools
within your organization’s Agile software development projects?

Before I move on to DevOps, I would like to ask the final question regarding Agile
Implementation within your organization:

1. Can you please explain how do you measure your defined objectives regarding
Agile implementation within your organization?

DevOps Questions

DevOps drivers and general challenges in DevOps adoption

Lastly, I would like to ask questions about DevOps implementation factors. From
the literature, it is understood that DevOps practices have evolved through cloud-
based product organizations such as Facebook, Flickr and Netflix (Zhu, Bass, and
Champlin-Scharff, 2016). These organizations are cloud based product companies,
whereas financial organizations such as banks are utilising various old and new tech-
nologies to develop multiple interconnected systems.

1. In this case, can you please elaborate why banks are interested in following
DevOps?

Agile software development methodology has already proven to bring improve-
ments such as faster software development with enhanced quality and the ability
to welcome changes throughout the project, over traditional software development
methods such as waterfall (Bhadoriya, Mishram, and Malviya, 2014) and iterative
development (Tarhan & Yilmaz, 2013).

1. What are the drivers for your organization to implement DevOps while you
were already following Agile principles and practices?

2. How do you measure the achievement of these goals related to your organiza-
tion 's DevOps implementation?
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There are several challenges reported by organizations in their path towards suc-
cess DevOps implementations such as lack of support by management and/or team,
technical challenges, challenges with adapting organizational process in support of
DevOps (Hamunen, 2016).

1. What are such difficulties that banks face with DevOps implementations?

2. How are these difficulties being tackled within your organization?

3. Considering the current situation, how do you think that these difficulties will
be overcome in the future?

Factors involved in DevOps implementation

Next, I want to know more about the factors that require changes due to DevOps
implementation. In order to understand the details better, I would like to ask ques-
tions about the factors from the discussed agile factor dimensions of organization,
people, technical and process.

Organizational dimension of DevOps adoption

Previous studies have identified that the DevOps culture stipulates organizations to
practice aligned incentives and responsibilities among various roles participating in
the project, rewarding individuals for their contribution towards teamwork with-
out just focusing on individual performance, continuous and frequent feedback that
motivates to improve, but not blaming the mistakes of team members (Walls, 2013).

1. What are all the changes that you observed in your organizational culture since
DevOps has been introduced?

2. Which are all the practices that your organization has tried/is trying to imple-
ment in order to bring in the DevOps mindset within your organization?

3. What are all the practices that your organization is planning to implement in
order to enhance the DevOps culture within your organization?

People dimension of DevOps adoption

Further, I would like to discuss about the people aspect within DevOps. DevOps
advocates collaborative teams, whose members have shared goals, growth mindset
that lead to blameless culture (Walls, 2013).

1. What do you think are the essential characteristics of a DevOps team member
to be part of such a collaborative DevOps team?

2. How does your organization help and motivate people to get the right DevOps
mindset and so the required characteristics?

3. What practices have been fostered to grassroot the collaborative culture within
the team(s)?

4. What are all the future actions that are planned to be implemented to impro-
vise the people factor within your DevOps organization?
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Process and technical dimension of DevOps adoption

DevOps facilitates process automation for various advantages regarding speed, qual-
ity and harmony of processes (Swartout, 2014). Furthermore, automation will also
help people to share their responsibilities and thus it also aids to collaborative cul-
ture.

1. Can you elaborate how significant is automation within your organization’s
DevOps work culture?

2. Which are all the processes that have already been automated within the Agile
software development and delivery of your organization?

3. What are all the future automation practices that are planned to be imple-
mented further?

4. Is your organization facing any challenges regarding the process automation
(due to the nature of your application or technology)?

5. What actions are taken to mitigate these challenges?

The increased process automation enables the usage of continuous software engi-
neering practices such as Continuous Integration, Continuous Delivery and Contin-
uous Deployment (Davis and Daniels, 2015). Continuous Integration is the frequent
integration of newly written code into actual software’s existing code (Davis and
Daniels, 2015). Continuous Delivery is the ability to deploy software at will (Neely
and Stolt, 2013). Continuous Deployment is the frequent deployment of incremen-
tal software update into production (Savor et al., 2016). These continuous software
engineering practices include all the activities from planning till maintenance in-
cluding monitoring and innovation.

1. Which of such continuous software engineering practices are being exercised
within your organization?

2. Which of such continuous software engineering practices are planned to be
utilized in the future?

3. Do you have any challenges in embracing any of these continuous software en-
gineering practices within any of the Agile software development and delivery
(and maintenance) activities?
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B Appendix - ICoding Scheme

The following table presents the codes that refers to the interviews performed with
experts regarding the problem investigation. To keep the confidentiality, we replace
the interviewee’s names with their job position.

Code Purpose APA Reference

iv-pi-1
Problem investigation
interview

(Scrum Master, personal
communication, January 24, 2018)

iv-pi-2
Problem investigation
interview

(Project Manager, personal
communication, January 8, 2018)

iv-pi-3
Problem investigation
interview

(DevOps team member, personal
communication, January 10, 2018)

iv-pi-4
Problem investigation
interview

(DevOps team member, personal
communication, January 10, 2018)

iv-pi-5
Problem investigation
interview

(DevOps team member, personal
communication, January 20, 2018)

iv-pi-6
Problem investigation
interview

(Agile Coach, personal
communication, January 22, 2018)

iv-pi-7
Problem investigation
interview

(DevOps team member, personal
communication, November 22, 2017)



112

C Interview Protocol - Artifacts
Validation

DevOps implementation framework for Agile based large
financial organizations

Interview Protocol
Department of Information and Computing Science

Utrecht University
Utrecht, The Netherlands

Introduction

I am Anitha Devi Nagarajan, a masters student following Business Informatics pro-
gram at the Utrecht University. With regards to my graduation thesis, I have devel-
oped a DevOps implementation framework based on the data collected from prac-
titioners working at Agile based financial organizations and the data gathered from
the scientific literature. Today I am going to present the following main artifacts that
were resulted from this study.

• Drivers for DevOps implementation besides Agile implementation at large fi-
nancial organizations

(
artifact 1

)
• DevOps implementation framework developed with the main perspectives

and focus areas identified from this study
(
artifact 2

)
• The relationship between the identified drivers and the developed DevOps

implementation framework
(
artifact 3

)
The total session is expected to last between 45 and 60 minutes. During the session, I
will be running an interactive presentation in which I will be presenting the artifacts
and then asking questions regarding them. The questions can be found at the next
page of this document and they are formulated as such to evaluate the artifacts based
on several criteria namely, completeness, correctness, usefulness, understandabil-
ity, and fit with the organization.

Your participation in this session is voluntary and so if you do not feel comfortable
or do not wish to answer any of the questions, you are ever free to do so. Your an-
swers will be recorded but the recordings will be deleted after utilizing the collected
data, and will never be disclosed to any third parties.
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Consent

I have read and I understand the provided information and have had the opportu-
nity to ask questions. I voluntarily agree to take part in this study.

Participant 's signature Date

Researcher 's signature Date

Questionnaire

Interviewee Profile

Following questions are to understand your profile and your role in a DevOps im-
plementation.

1. Can you please elaborate your role and general responsibilities within your
company?

2. Can you please let me know when did your team(s) transform to Agile and
(then to) DevOps?

3. How far do you think that your department or team has been into DevOps
way of working?

Artifacts validation against criteria

Please answer the following questions with a ’Yes’ or ’No’ but kindly provide your
short reason when the answer is ’No’.

Artifact 1: Drivers for DevOps implementation

Criteria: Completeness & Fit with organization

1. Do you think that this list covers your organizational drivers?

2. Do you think that there are any other important drivers for your organization
to go for DevOps implementation?

Criterion: Understandability

1. Are the given names of drivers sound straightforward to understand?

Artifact 2: DevOps implementation Framework inclusive of perspectives
and focus areas

Criterion: Completeness
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1. Do you think that the different perspectives include all the different dimen-
sions involved with the DevOps implementation?

2. Do you agree with the identified focus areas within the perspective [1,2,3,4]?

3. Does any of the focus areas seem unnecessary within the perspective [1,2,3,4]?

4. Do you think any other important focus area is missing from the given list of
perspective [1,2,3,4]?

Criterion: Understandability

1. Is the framework clear and easy to understand?

2. Are the terms chosen for the perspectives and focus areas sound coherent and
clear?

Criterion: Fit with organization

1. Is this framework suitable to be used within your organizational environment?

Criterion: Usefulness

1. Do you think that this framework is useful for you?

2. Do you think that this framework will help with the ongoing DevOps imple-
mentations and/or future DevOps implementations within your organization?

3. Do you think that this framework is suitable to bring awareness about DevOps
implementation at different levels of employees such as managers and team
members?

Artifact 3: Relationship between Drivers and the framework

Criterion: Accuracy

1. Do you agree with the relationship between driver[1...6] and its corresponding
framework variation? If not, which specific focus area/perspective and driver
combination that you have concerns with?

Criterion: Usefulness

1. Do you think that these framework variations can help to keep your DevOps
implementation focus aligned with your goals?

Open questions

1. What is your overall opinion about this framework and its variations corre-
sponding to drivers?

2. Whom do you think are the best target audience for this framework?

3. Would you recommend using this framework as a guideline for your colleagues,
why?

4. Do you have any other comments?
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