






Abstract

For this Master Thesis, we want to know what is the state of the Business Intelligence (BI)
tools in the Development and Operation (DevOps) maturity level scale. To the best of our
knowledge, no analysis like this exists in the state of the art. Moreover, the communication
between the DevOps teams is fundamental for any project and it is even more relevant to
those that keep growing, like how BI projects tend to be.

To this aim, we will take an in-depth look into the most relevant and most used BI tools
and the features they have, with reference to the DevOps models and its maturity levels, as
well as some additional features that are of interest to the community (e.g. license, activity,
maintainability). We will analyze their characteristics in the DevOps categories and obtain
the theoretical maximum maturity levels for each tool to show the gaps that the BI tools
currently have. Multiple DevOps Maturity Models will be used to widen the scope of the
analysis and have a better representation of how tools implement DevOps.

Additionally, we will analyze real cases of BI projects from the internship company,
NTTData, to see if the theoretical maximum maturity levels are reached and propose changes
to improve those levels.
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Chapter 1

Introduction

1.1 Summary

In the last decades, we have seen an increase in the popularity of Development and Operation
(DevOps) methodologies as a new take on agile for software development projects and Business
Intelligence (BI) as a critical approach to many businesses for optimization and improvement
of their operations. However, we have not seen any studies or articles carried out in academia
that relate both of them.

This lack of interest exists because DevOps adoption has not been popularized in BI
contexts, as DevOps models are designed around code-oriented projects. The improvements
and ideas behind this philosophy have the most potential. These projects commonly present
extensive development cycles and an ever-increasing complexity (in terms of data volume, lines
of code, and internal processes) that tends to cause problems in the long run. Unless properly
addressed, these issues can lead to inefficient projects, and the use of DevOps methodologies
is one solution. It provides a framework to start improving upon what is already built, where
speed and reliability are the spotlights, and where the maturity level can get measured to
obtain how well the adoption process is going.

However, BI projects do not have any specific programming language, instead consist-
ing of proprietary scripting code for the front-end visualizations and data modeling, with
query-based languages and sometimes Python or R scripts for the data extraction and trans-
formation. They are complex systems with different components for each task with no set
structure. When more than one of these components is handled by the same software, that
combination is considered a BI tool.

Figure 1.1: BI System components diagram from [1]
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CHAPTER 1. INTRODUCTION

The changes proposed by many of the DevOps models publicly available and in agile
development, in general, are flexible to the nature of the project and the technologies being.
However, it assumes that the project carries out specific tasks not always present for most BI
projects. In our experience, it is a challenge to adapt the proposed guidelines developed for
the previously mentioned “code-oriented” projects. The software and the infrastructure it is
supported on are inherently different, as shown in Figures 1.1 and 1.2 We have observed that,
in comparison to other non-BI projects, BI software lacks some if not many of the features
their counterparts have that DevOps prioritizes to improve the project’s performance.

Figure 1.2: Java System diagram.

We would assume that the difference in BI projects’ development nature is why agile and
DevOps are not as widely adopted, hence the lack of academic publications. Still, we would
need to prove that theory is true first. Are this sector’s programs and tools prepared to
implement DevOps’s changes? Or are they dragging behind in comparison to other markets?
And, have they been keeping the features up to date and adapted to meet those standards
with time?

1.2 Problem Statement

With BI growing more and more each year and already existing projects increasing in size
to the point where its speed and reliability start to decrease, adopting measures to tackle
this issue becomes mandatory. Here, DevOps is one solution that has already been adopted
and shown positive results for other types of technologies and developments. It has resulted
in better performance than before, where even continuous integration and deployment cycles
occur. However, DevOps models have not been designed for BI projects, so their imple-
mentation is complex. From what we have investigated, barely any publications showing the
adoption process or discussing the results obtained when applying these models to existing
BI projects.

Considering this lack of publications for the combination of BI and DevOps, an excellent
research opportunity arises. This study will delve into the adoption and preparation of the
current BI software solution market for these kinds of agile methodologies, more specifically
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CHAPTER 1. INTRODUCTION

for DevOps Maturity Models (DOMMs). Now that the objective is clear, we can start with
the central question for this thesis:

RQ How are BI projects currently implementing DevOps?

Since DevOps models are designed with maturity models as frameworks, we use these
DOMMs as the base for comparison for preparing the BI tools for its implementation. For
this purpose, we are creating theoretical representations of various DOMMs that take into
account only the aspects that can be informed or measured at the theoretical level. These
representations are explained in more detail in Chapter 4, where we present some of the issues
and design decisions faced at this point.

For the theoretical representation of the adoption of DevOps methodologies by BI projects,
we are using a selection of BI tools representative of the market. Since the same software can
be used in many companies and projects, we focus on that aspect of the project’s maturity.
More specifically, we focus on the technical characteristics of the software as parameters for
comparison with the maturity models. With both, we can make a theoretical representation
of the current state, allowing us to identify possible areas of improvement and gaps in the
tools. The tool analysis and the results are presented in Chapter 5, where we carry out a
Systematic Tool Review and explain the process for selecting the BI tools used for the study
to represent the current market.

However, as this is a theoretical study, it is necessary to validate these results. We have
proposed a validation procedure in which we represent the maturity of real BI projects and
observe if there is the same level of preparation in real cases compared to the theoretical
results. To perform this representation, a dashboard is developed, where all the previous
information is modeled and visualized. This procedure is detailed in Chapter 6.

All the software and output files obtained in this master project will be available to
download in this Zenodo repository [2].

Each of the following sub-questions is answered in one chapter:

SQ1 Which are the state-of-the-art DevOps Maturity Models? [Chapter 4]

SQ2 Which BI tools are available in the market and how they fit in DOMMs?
[Chapter 5]

SQ3 How can we model implementation of DevOps methodologies in BI projects?
[Chapter 6]
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Figure 1.3: Overview of the chapters and information flow.

4 Business Intelligence Adoption of DevOps Methodologies
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1.3 Thesis Structure

This master thesis will be structured in the following chapters:

• Chapter 2 delves into the BI and DevOps topics to provide the reader with a quick
view of both and lay down some standard terms used in the industry and research
communities.

• Chapter 3 talks about related work to these topics.

• Chapter 4 begins the research by looking at the different existing DevOps models and
extracting their objectives for the analysis.

• Chapter 5 shows the tool review for the current BI tool market and the results obtained
when analyzing them in the context of the maturity model’s goals from the previous
chapter.

• Chapter 6 details the task carried out to validate the formal theory and presents the
dashboard created in this project.

• Chapter 7 concludes with the report and the main takeaways and presents the future
work that needs to be done.

Business Intelligence Adoption of DevOps Methodologies 5





Chapter 2

Background

This chapter briefly introduces the two main concepts this master thesis revolves around.
The first part will be a quick look at what DevOps is, what maturity models are, and; how
DevOps models are used to represent the maturity of the projects, and what areas should
be improved—which are the main subjects of Chapter 4. The second part will explain what
Business Intelligence is, its components, and its structures.

2.1 DevOps

In the last decade, DevOps has gained popularity in the software engineering community [3]
as one of the options for agile methodologies. But, what is it exactly?

2.1.1 What is DevOps?

DevOps is a methodology formed by the combination of cultural philosophies, practices, and
tools that focus on improving an organization’s processes to increase the speed, quality, and
capacity of teams and their projects. [4]

From our research, we have not found a specific definition, yet a simplified view of the
core idea would be the union of development and operations teams to achieve the previously
mentioned goal. The development team consists of software developers that focus on creating
the functional aspects of the project through software. The operations team comprises ex-
perts who maintain various software elements in a production environment, such as database
administrators and network specialists [5].

Since no formal definition nor baseline exists with a standard set of actions or imple-
mentations and organizations’ needs and characteristics are different, carrying out a DevOps
transformation from scratch is complicated. This lack of a formal concept is considered one
of the biggest challenges in the industry [6].

In turn, various DevOps models exist, each defining a specific set of goals and cultural
changes that drive the teams adopting said model to focus on the aspects to be improved.
These models also have differences in their structure and implementation. Still, they usually
focus on four distinct areas of interest that are always present in an organization: technology,
processes, people, and culture. In Figure 2.1 we can see a simplified representation of these
models. The ideas proposed in DevOps, as a methodology, are what constitutes the basic
concepts of what this model will try to achieve. The maturity model is used as the framework

Business Intelligence Adoption of DevOps Methodologies 7



CHAPTER 2. BACKGROUND

to represent those ideas, but as we will see in the next section, different design characteristics
exist specific to each model. Other unique components to the model will be the combination
of individual practices, tools, and cultural philosophies proposed by each instance and the
level they can apply it.

Figure 2.1: Simplified DOMM representation

2.1.2 What is a Maturity Model?

For several decades now, maturity models have been successful means for improving software-
intensive organizations [7]. Different models have been developed, changing and improving
in certain areas, such as Business Process Management [8] or Cloud Computing [9]. Their
purpose is “to give guidance through this evolutionary process by incorporating formality into
the improvement activities” [10].

If we look at Figure 2.2, we can start differentiating maturity models by two types: “focus
area” and “fixed level” models. The former lists a number of focus areas that need to be
developed to reach maturity in a functional domain. A series of progressively mature cap-
abilities is provided for each focus area. Maturity level scales are individual to each focus
area, opposite to fixed level maturity models. These models often follow the maturity levels as

8 Business Intelligence Adoption of DevOps Methodologies
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Figure 2.2: A simplified view of Maturity Model design options.

described in Capability Maturity Models (CMM) [11], which is divided into four or five levels,
where each one represents an improvement over the last one. They are named to represent
how mature that level is or the goals that should be met. Since fixed level maturity models
are the most common type of models in DevOps, they are the focus of this explanation and
study. If the model is somewhat complex, it is divided into sections, where a specific area
or part of the model is described. This is useful to identify sections with lower maturity
than others. The specific terms change often, but the ideas behind them, are the same. For
example, some models refer to these sections as areas.

As we can see in Figure 2.3, in CMM each maturity level contains some Key Process Areas
(KPA). They identify the issues that must be addressed to achieve a maturity level. Each key
process area identifies a cluster of related activities that, when performed collectively, achieve
a set of goals considered important for enhancing process capability. CMM also details other
components such as Common features and Key Practices, but we will not detail them as they
are specific to the CMM.

Depending on the restrictions of the model to achieve the maturity for every level, we can
distinguish between “staged maturity models” and “continuous maturity models”. All KPAs
and its goals need to be in place for staged maturity models to achieve a certain maturity
level. In contrast, continuous models can score maturity at different levels allowing for a
more gradual and varying improvement path. [10]. The difference can be easily seen with
an example: if the KPAs for level 1 and 3 are mature enough (its goals are met) but those
for level 2 are not, a staged maturity model will rank its overall maturity as 1, where the
continuous maturity model will set it as 3. However, not all components are inherited from
the CMM, and slight variations may exist for each individual instance of a model.

Business Intelligence Adoption of DevOps Methodologies 9
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Figure 2.3: “The CMM Structure”, from Capability Maturity Model [11]

2.1.3 DevOps Maturity Models

Maturity models are used to guide their users in the process of improving their projects,
showing the current maturity levels, and indicating which aspects need to be addressed,
making it a perfect instrument for DevOps to adapt. DevOps Maturity Models (DOMMs
for short) are more commonly found as “staged fixed level“ maturity models, but there are
instances of “focus area” and “continuous fixed level” models. An example of this is presented
in better detail in Chapter 4, Table 4.2. Another important element in maturity models
specific to DevOps implementations are “dimensions” , groups containing various sections
that share characteristics in common. Dimensions may not be present in all models, but they
are more common in those with numerous sections to help define the “theme” they share.

Level \ Dim. High Order Dimension (D1)

Section 1 (S1) Section 2 (S2) ... Section m (Sm)

Level 1 KPA S1L1 KPA S2L1 KPA SmL1
Level 2 KPA S1L2 KPA S2L2 KPA SmL2
... ...
Level n KPA S1Ln KPA S2Ln ... KPASmLn

Table 2.1: Example of the Structure of a DevOps Model.

One of the usual forms of representation for these models is a table, similar to Table 2.1,
showing the different levels, sections, and KPAs.
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Project maturity for staged fixed level models is represented most of the time by showing
the maturity levels with colors or symbols for each KPA, providing direct visualization of its
current status (Figure 2.4). This format can be made more complex if a higher level of detail
needs to be visualized.

Figure 2.4: Example of Radstaak’s Maturity Assessment [12].

2.2 Business Intelligence

The concept of Business Intelligence (BI) was used for the first time as a common name for
describing “concepts and methodologies for the improvement of business decisions using facts
and information from supporting systems” as described by H.Dresner in 1989 [13]. Nowadays,
BI is seen as the combination of business analytics, data mining, data visualization, data
tools and infrastructure, and best practices to help organizations make more data-driven
decisions. It should be considered as an umbrella term that covers the processes and methods
of collecting, storing, and analyzing data from business operations or activities to optimize
performance [14]. When projects in companies start focusing on these specific concepts and
ideas, it is considered a BI project.

To begin executing the BI processes mentioned before, projects start using different tools
that take care of the various aspects. In this thesis, we refer to them as “BI tools”; specific
software products that cover most if not all of those needs. These tools usually cover three
main categories [15],[16]: data management, data discovery, and reporting. Data manage-
ment focuses on the organization, transformation, and structuring of the input data. Data
discovery supports the analysis and understanding of the data, and it allows us to come to
meaningful conclusions with different methods. Reporting is the data visualization, offering
a more understandable format to convey the analysis results.

Business Intelligence Adoption of DevOps Methodologies 11
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Figure 2.5: Diagram representing BI’s concepts.

These three categories are the core components of what we use to consider a tool to be
BI-specific. In our opinion, tools may not cover all the categories, and they will need other
tools to be used in BI projects. However, if a piece of software focuses solely on one category,
we will consider that an application designed specifically for that matter, not a BI tool.

BI tools aim to extract knowledge from data while focusing on three concepts: reliability,
availability, and attractive user experience [1]. The first characteristic is a necessity in all IT
projects, but it is even more significant in BI tools since the results presented by the tool
are used directly to make critical decisions. It is mandatory to offer consistency in the data
shown to ensure the correct results based on the data quality. Availability is a crucial pillar
that is also related to the business and its users since they must be able to access it during
working hours. It has to be stable and up to their requirements, especially when dealing with
time-sensitive data. This aspect in particular may not look as relevant as the others, but in
our experience as well as in other experts’ opinion, Availability is a recurring problem in the
day to day of BI projects. The last one is very relevant since the user may not be proficient
with the tool being used, something more common the higher the user’s responsibility for
that company. The data must be user-friendly and adapted to consumer expectations and
capacity, which usually ties to the reporting aspects of the tool we mentioned before.

Both reliability and availability align with DevOps’s improvements, making promising
potential results when implementing the methodology into BI projects. This is reinforced
further by the fact that the work done by the development team is often linked directly with
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various aspects that operations are in charge of, like database administration and maintaining
the production environment running, suggesting an easier implementation of DevOps in BI
projects.

Now that we have defined all the relevant concepts, we can see the common areas where
BI projects and DevOps models coincide. For the rest of the thesis, we minimize the scope in
which DOMMs are implemented to focus solely on the projects. This will help us better meas-
ure the impact of the changes proposed by the maturity models to what will be specifically
BI, which is the BI tools and processes.

As mentioned before, when implementing a DOMM, changes are done to four areas of in-
terest: people, culture, technology, and processes. For BI projects, these areas of interest are
correlated directly with some of its components: project team members as people, regardless
of whether they belong to the development or operations team; BI’s best practices as culture;
data tools & infrastructure as technology, which includes BI tools; and BI specific processes
(business analytics, data mining, data visualization) as processes. These correlations are rep-
resented in Figure 2.6. However, this is a simplified view of how BI is directly affected by
DevOps, as the culture changes, for example, reach far more into the project than just the
“best practices” set by BI.

Figure 2.6: Simplified view of a BI project, its different areas and DevOps influences.

Business Intelligence Adoption of DevOps Methodologies 13





Chapter 3

Related Work

This chapter details our findings regarding the state of DevOps models, maturity models,
and BI, especially in the academic context. We look at other articles and papers and explain
what important insights they provide us with, what aspects we defer from, and why.

3.1 DevOps Model Studies

One of the most critical elements for developing this thesis is the existence of other publica-
tions for the same topics discussed in this project. These articles provided us with significant
amounts of information that had already been validated, helping us answer questions that we
would otherwise have to check by ourselves. An excellent example is the “Systematic Literat-
ure Review for DevOps Models” performed by M. Gasparaité et al. [17] and the “Developing
a DevOps Maturity Models” paper by M. Radstaak [12].

Gasparaité’s systematic literature review was a fundamental part of our study since the
analysis of the maturity models performed in Chapter 4 made it necessary to conduct this
academic analysis to obtain a list of DOMMs. Not only had this task already been completed
by M. Gasparaite et al., but it had an in-depth look at the structure and characteristics of
the models at hand, which also helped us speed up the analysis process for the models we
decided to analyze. Another remark about this paper would be that the year of publication of
the models is not considered in the quality assessment, a possible issue when reviewing the
publications that were the foundation for what DOMMs came to be.

Another study that we read and used for reference to our study was the master thesis of
M. Radstaak, “Developing a DevOps Maturity Model” [12]. Here, he researches and executes
a detailed design process to create a DOMM based on existing maturity models. The design
focuses not only on DevOps but also on Continuous Delivery (CD), one process present in
highly mature DevOps projects. One of the results from this project was the creation and
validation of a maturity model that, funnily enough, appears in the previously mentioned
Systematic Literature Review (SLR). In one of the chapters, the author also performs a
systematic literature review on maturity models, including gray literature, which led him to
find and consider CD models, something we are not interested in. The search terms used
for his review process also seemed to provide fewer results, probably because they were more
strict than those used in Gasparaité’s study.

Besides the last two publications mentioned, most studies done on DOMMs have a very
simplistic description of the process to obtain the models themselves, with no way of replic-

Business Intelligence Adoption of DevOps Methodologies 15



CHAPTER 3. RELATED WORK

ating it or validating the sources used. However, they do contain interesting analyses of the
models being studied and results that can validate the efficacy of maturity models in the real
world.

One of these articles is “DevOps and organisational performance: the fallacy of chasing
maturity” by C. Marnewick et al. [18], which focuses on studying DevOps maturity’s impact
on organisational performance. The list of maturity models that the authors have shown
here is similar to that of the other two systematic reviews, but in this one, we do not have
a detailed view of the sources used nor the process taken to obtain these models. That
being said, the research methodology for the case study followed to understand the effects of
DevOps maturity models in a real institution is appropriately documented. Not only that,
but they explain the results obtained and reach fascinating conclusions regarding the variety
of maturity models and how they are used. It is clarified that organizations are better off
creating their own models based on the various available models. We used this insight as a
focal point when developing our dashboard to represent the maturity models that we studied
and create that functionality to test.

We find other instances of papers performing analysis on DevOps models with one big
issue: the name used to describe each model. At face value, this does not seem like a problem,
but duplicates start to appear when the authors take these names as the unique identifier
for these models. This issue was a problematic result for this study [19] since three out
of the eleven maturity models they studied are duplicates of other models, threatening the
study’s validity, especially when the results of the analysis showed different information for
said duplicates. This article reinforces the importance of a clear and systematic approach to
these review procedures, such as B. Kitchenham’s [20], which we followed in Chapter 5 for
the SLR.

3.2 BI and Tool Analysis

For this thesis, the BI aspect is the most difficult one to tackle. We are carrying out the
analysis of the BI tools available in a systematic manner, something that has not been carried
out and published yet. The reason behind this problem is pretty straightforward: BI as a
whole is very distant from academia and more close to business-related areas, leading to fewer
studies being performed about it. Not only that but the software that is commonly used tends
to require a paid license or is very rudimentary when it does not have a paywall behind it.
The lack of features may be caused by low support for those products or because “freemium”
versions of popular tools usually restrict the most interesting features to the paying user. Even
open-source software for BI is scarce and provides subpar functionalities when comparing it
to similar commercial options, being described by other studies as “having a long way to go”
[21].

The studies that we find that various evaluated tools only focus on specific ones or decide
to select only a few ones, mainly looking at the BI-specific features of said tool [21] [22]. These
analyses were in-depth but lacked the volume to reference them in our studies. That being
said, we take note of some ideas and executions described for this project, such as differen-
tiating between open source and commercial tools and using Gartner’s “Magic Quadrant for
BI Platforms Report” as a starting point for finding tool information.

For our study, we need the opposite; being able to review the tools that are the most
representative of the current market and obtaining the relevant information from them to
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carry out the analysis of the state that these tools are in. To do so, we performed a Systematic
Review, similar to the procedures of a Literature review but with slight changes, since the
sources for our study were not going to contain academic literature. The process followed in
“A Systematic Literature Review of Software Product Line Management Tools” [23] is our
starting point. Still, as mentioned before, we decided to change the sources used to obtain
our primary studies, leading us to a high volume of results that could not have been achieved
if the input data had come from academic literature.

One article we find handy for this project and anyone interested in BI is A. Nogués and
J. Valladares’ book on “Business Intelligence Tools for Small Companies” [1], where they
describe in detail many concepts and explain the reasoning behind them. Chapter 2 is of
much use to us for the focus on Agile methodologies in Business Intelligence, highlighting the
importance it can have in many cases and the benefits it provides when adequately adopted.
However, we have to mention the lack of DevOps as a disappointment for us, especially seeing
the levels of detail put behind every chapter in the book. Still, since the Agile Methodology
recommendation chapter is based on the personal considerations of the authors, that does
not mean that the ideas proposed in this book are better than other Agile alternatives.
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Chapter 4

DevOps Models & Features

4.1 Summary

This chapter addresses the first sub-question SQ1 regarding the methods to analyze the
DevOps Maturity Models (DOMMs). After that, we continue with the review of the models
listed in the Systematic Literature Review performed by M. Gasparaite et al [17] and the
subsequent analysis of its results to determine which models are valid for our research. Then,
it is followed by the transformation of the goals of each model into technical and process
metrics, which prepares the model’s goals to be used in future chapters to carry out the
research analysis of the BI tools.

4.2 Introduction

This chapter aims to obtain the information needed about DevOps models and begin the
analysis. Before doing so, a few aspects need to be addressed to know how to proceed:

How do we represent the current state of DevOps models?

Before starting this thesis, we assumed that there would exist a standard model designed
to be used in any project and backed up by many companies using it. However, as explained
in Chapter 2, DevOps does not have an unequivocal definition. We could only find projects
that attempt to design these kinds of DOMMs with uncertain degrees of success [24].

To identify existing DOMMs and used them as reference, a SLR on the DevOps models is
necessary. Since this study has already been carried out by M. Gasparaite et al [17], we use
their results as baseline. The list of models we obtain from their publication will be a starting
point, but a more extensive analysis of the characteristics, descriptions, and goals will be
carried out. With our final list of maturity models, we will have a representative sample of
the existing DevOps models.

What characteristics are we going to analyze for each model?

Since the existing models are not homogeneous in many different aspects, it is important
to set a baseline for the structure we will use. We begin by analyzing those models with a
similar representation and then adapting them to fit into this “baseline” structure. Once we
have the list of models adapted, we can normalize the key aspects of each one of the different
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sections and KPAs of each one of them. This process will be done to find the shared goals
in between models and lay the grounds needed to continue the analysis for Chapter 5, where
these metrics and characteristics will be the different measures to be observed for each tool.

4.3 Literature Review Analysis and DOMM Selection

This part of the project started with the intention to carry out a Systematic Literature
Review or a similar kind of study by ourselves to obtain a list of relevant DOMMs. However,
this was deemed pointless once we found that M. Gasparaite et al. [17] had already published
a SLR regarding DOMMs, which helped list those relevant to our study.

We have to mention an important point before we continue with their result analysis: they
added a Quality Criteria (QC) section (section 3.4 in their publication) in their study. This
QC was applied in addition to the previous inclusion and exclusion criteria, which “is used to
assess the quality of the studies that were selected ...”. For their study, selecting only models
that reach high scores is needed and allows them to narrow down the list of models to take
into account. However, for us, the limitation for only using those DOMMs that achieved high
levels of quality would mean that we are discarding many viable options and not properly
representing the state of the current DevOps models. For this reason, we have decided to
lower the point score used in Gasparaité’s study to consider a larger number of papers to be
analyzed and used in our investigation.

Study Short Name Year of publication Score

[25] Feijter 2017 4
[26] Bucena 2017 3
[27] Mohamed 2015 3
[12] Radstaak 2019 3
[28] IBM 2013 2
[29] HP 2013 2
[30] CapGemini 2015 2
[31] Poelwijk 2016 2

Table 4.1: Results of [17]’s Quality assessment we considered suitable for further analysis

As we can see in Table 4.1, with the quality score threshold lowered by one point, we have
doubled the list of models, but we still need to look into why the quality scored lower and
consider if they are going to be useful in our study. Looking into Table 4 in [17], the reason
that lowers the result for all of these models is the same: they are not based on scientific
papers. For the authors, the reason behind this was that “papers that refer to other scientific
papers are more likely to be relevant and suitable for further investigation. The same goes
for the models that are referred to by other papers.”

However, one aspect that was not taken into account when looking into this criteria was
the year of publication. This detail is significant since both IBM and HP models (2013) were
the first to be published from this list, meaning that the foundation for DOMMs was non-
existent and led them to be the pioneers in this area. Adding to the fact that they are two
models referenced in multiple other publications, this leads us to consider them for further
analysis. For the other two instances, CapGemini (2015) and Poelwijk (2016), they could be
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considered early cases of maturity model publications. Still, they were only found in academic
sources as cited studies, being Google the data source for this study (Table 3 in [17]). For this
reason, more detail will be put into their analysis when deciding to add them to the final list
of maturity models.

Names Representation Nº of levels Process Areas

Feijter Focus Area 11 16
Bucena Staged 5 4
Mohamed Staged 5 4
Radstaak Continuous 5 18
IBM Staged 4 4
HP Staged 5 3
CapGemini Staged 5 3
Poelwijk Staged 4 4

Table 4.2: Representation and details for the selected Maturity Models.

Once validated this list of models to analyze from M. Gasparaite et al. [17], an in-depth
look into the structure, definition, and components of the models must be executed to decide
which one to use for reference in the next steps project.

To do so, we are going to select only those models that have a staged fixed-level design.
This filter is put in place to ensure that each model’s representation is bound to a similar
structure, the previously mentioned “baseline”. Continuous and focus area models behave
differently when calculating the maturity, which puts aside both Feijter and Radstaak.

For the rest of the models, we did a detailed analysis of their characteristics and the
descriptions for each level and KPA. Here we found Mohamed’s model has described the
different goals without much detail, making it difficult to detail them with specific terms
and parameters, an essential step for the next two sub-questions. This problem also arose
with Poelwijk’s Model, not only when looking at the goals themselves but also with the level
definitions set in place, defining the first one as “initial level”, where no progress has been
achieved because of the lack of requirements, making it broader by definition. Taking this
into account with our previous statements, we decided also to drop Poelwijk’s model as well
as Mohamed’s.

Regarding HP’s Model, the source link used in the SLR redirected to a broken page, and
any other reference to it that we found in different publications all had the same issue. We
had some information about this model from other publications that analyzed it, but none
with a sufficient level of detail for our analysis. Since one of the defined criteria from M.
Gasparaite et al.’s work was to exclude sources with partial availability; we haven’t included
this model in our final selection.

After removing all the previously mentioned models, the final list of DOMMs is the fol-
lowing:

• I. Bucena, M. Kirikova’s Proposed DevOps Maturity model [26]

• IBM’s DevOps maturity model [28]

• Capgemini’s DevOps Maturity Model [30]
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4.4 Model Transformation and Analysis:

As explained in Chapter 1, since we are carrying out a theoretical analysis the only sections
and KPAs that will be of use will be those that represent the technological advancements for
the project. From that list of technical section and KPAs, we will extract a list of specific
goals for each maturity level to find any common objectives between each other. Then we
simplify those goals into a set of common features to analyze the project’s capabilities on a
theoretical level.

That set of characteristics and processes will be then used in Chapter 5 as the features
that need to be informed to; then carry out the theoretical analysis of the BI tools to report
their ”maximum maturity level” and conclude this aspect of this project.

• Bucena:

For Bucena’s DOMM we can clearly distinguish between those areas intended more to
guide the users and practices (Process, Culture & People) rather than the technological
aspects of the tools (Technology), especially since Table 2 of this model (Included in
Appendix section A.1) represents the relevant practices in a per-goal basis for the tech-
nology area. The “Process” section also includes multiple KPAs and goals related to
“testing”, “delivery” and “deployment”, and since those are some of the key aspects in
DOMM, we are selecting it too.

Figure 4.1: Simplified representation of Bucena’s model.

• IBM:

The way IBM’s model was designed focused on highlighting for each section the most
important KPAs and goals. The section “Plan/Measure” is centered around practical
project metrics, like “requirements” or “portfolio management”. The other three sec-
tions however note more technical aspects of the projects to take into account, such as
“code”, “tests” and “deployment”.
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Figure 4.2: IBM’s Maturity Model [28]

• CapGemini:

This case is very similar to that one of Bucena’s: it has a clear differentiation between
People, Processes, and Tools ; but some of the key changes are present in the Process
area, leading us to select both of these sections for the next stage.

Figure 4.3: CamGemini’s Maturity Model [30]
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Model Selected sections (Technical) Non-selected sections (Practical)

Bucena
Process People
Technology Culture

IBM
Develop/Test
Release/Deploy Plan/Measure
Monitor/Optimize

Capgemini
Tools People
Process

Table 4.3: Selected sections for the goal analysis.

Now that we have in Table 4.3 the list of sections to analyze, we begin the manual process
of goal extraction and transformation for each and every one of them. To do so, we read
through the descriptions and ideas for every KPA to summarize them into core concepts,
sometimes creating more than one for each level’s goal.

With that information, we proceeded to create tabular representations of the models, the
sections, and the different KPAs and goals per level they may have. At this point we realized
that the goals also described some of the requisites as process improvements rather than
strictly technical, meaning that we had to also separate those objectives into two groups:
technical goals and process goals.

Technical goals are directly correlated to the technical aspects of the project, like the
functionality provided by a piece of software. One example is Version Control, where this
goal can only be met by the technical functionality provided by a program. Process goals on
the other hand are more “task-oriented”. Two good examples would be Agile development or
regular documentation validation, as they are goals reached by actively performing said tasks
or processes. The separation of these two types of goals helps us focus on the theoretical
aspects of these models.

Model Section Maturity Level Tech. Goal Count Proc. Goal Count

IBM

Develop/Test

1.Practiced 2 2
2. Repeatable 3 1
3. Reliable 4 0
4. Scaled 1 1

Release/Deploy

1. Practiced 1 1
2. Repeatable 1 2
3. Reliable 2 1
4. Scaled 2 0

Monitor/Optimise

1. Practiced 1 1
2. Repeatable 2 1
3. Reliable 0 2
4. Scaled 2 1
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CapGemini

Process

1. Basic 1 0
2. Emerging 0 1
3. Coordinated 0 1
4. Enhanced 0 1
5. Top Level 2 0

Tools

1. Basic 2 1
2. Emerging 4 3
3. Coordinated 3 2
4. Enhanced 2 3
5. Top Level 4 1

Bucena

Process

1. Initial 1 5
2. Repeatable 1 6
3. Defined 1 5
4. Managed 1 6
5. Optimized 1 3

Technology

1. Initial 2 7
2. Repeatable 7 3
3. Defined 5 6
4. Managed 3 6
5. Optimized 2 2

Table 4.4: Overview of the number and type of goals per level and section.

Once that separation was completed, we grouped into various specific characteristics the
goals listed, unifying and simplifying the different objectives. We obtained a total of 28
standardized features that covered all the levels and areas to analyze related to the technical
aspects measured for each maturity model. The complete list can be found in the Annex
section A with the names and descriptions of each one of them.

In the next chapter, we proceed to obtain our selection of BI tools and for each one of
them carry out the analysis and study of the technical features we have just described, setting
up the grounds to finish the comparison between the models and tools.
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Chapter 5

BI Tools

5.1 Summary

This chapter presents a Systematic Literature Review (SLR) following the structure and
guidelines proposed in Kitchenham et al. [20] within the context of BI tools available in
today’s market. We have adapted and applied said techniques to identify those tools that
represent the software used in this industry. Since this is done by selecting data sources
outside academia and no literature is analyzed, we refer to this as “Systematic Tool Review”
(STR). Because the structure of our work remains unchanged, this section consists of three
main phases: planning, conducting, and reporting.

In the planning stage, we define the need for our review, what questions we address, and
the review protocol to follow.

In the conducting phase, we define our data sources and the selection of primary studies.
After that, we perform the review and obtain the final list of studies, showing the different
processes and filters the information extracted has gone through. The data extraction and
transformation process is also explained in this chapter.

In the reporting step, we review the results. To do so, we create a visualization tool to
represent more easily the information we obtained, letting us join it to the maturity model
information to begin answering the questions posed in the planning stage. This visualization
dashboard will be described in Chapter 6 in more detail.

5.2 Systematic Tool Review

5.2.1 Planning

This phase focuses first on identifying the need for the review in our investigation and defining
the protocol to follow.

I. Review Motivation

Background:

The need for this review comes from having to answer Sub-question #2 (SQ2):Which BI
tools are available in the market and how they fit in DOMMs? With this review we obtain the
list of tools, and the DOMM-specific analysis is done on a smaller but market-representative
subset of said tool list. The focus on the software of BI projects comes from the fact that it
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is the only DevOps aspect that is dependent on the technology the project is built on, unlike
the culture, people and processes.

As explained in Chapter 3, BI is a popular area of research with hundreds of academic
publications each year. However, the studies that focus on the software aspect of BI, more
specifically, the tools commonly used in such projects, are very rare. Not only that, but the
studies often analyze a single tool in itself. In some instances, multiple tools are compared
with no clear reason for choosing them instead of the many other options available in the
market [21]. In addition, there is no published analysis or research on DevOps maturity
focused specifically on BI tools; nor a review of the state of BI tools as a whole. It is this lack
of previous work for this field that we have decided to carry out a SLR to answer the initial
sub-question and, at the same time, serve us to respond to the research-specific questions.

II. Review Protocol

Research Questions:

In this review, not only we need to obtain the tool list but also answer the proposed
research questions in order to fully cover all aspects of SQ2. The research questions we want
to answer relate to the DOMMs and this thesis’s main research question regarding how well
prepared BI tools are for its implementation. It is divided into the following sub-research
questions:

SRQ1 What are the maximum maturity levels reached by the tools in the
DevOps Maturity Matrix?

SRQ2 What are the most common gaps for all the tools in the DevOps Ma-
turity Matrix?

To begin answering that question, we must define the strategy to follow to obtain the list of
primary studies. From the previous section, we can make two important statements: “There
is a low volume of tool analysis/representation in academic sources” and “The analysis we can
find is a bad representation of what products are being used in the industry”. A typical SLR
would not be useful to our research objectives for these two reasons. Instead, we changed the
type of data sources used to search for primary studies from traditional academic databases
to Technology Research Services (TRS, description found in annex section B), letting us carry
out a systematic review that properly samples and represents the available tools of the market
that we will refer now as Systematic Tool Review (STR).

Primary Study selection strategy:

To decide which data sources to use in this review, we looked for various TRSs, performed
an initial scoping of the potential PS available, and analyzed them to determine their validity
to our research. The considered data sources are:

• G2 [32]: Contains a small sample size of existing tools. It does not include an extensive
group of tools, as the ones shown seem to be curated. Their “methodology” is a bit
obscure, not specifying where the data is coming from.

• Gartner [16]: the most popular one of the bunch. Over the years, it has acquired
three different companies focused on technology reviews and recommendations: Cap-
terra [33], GetApp [15], and SoftwareAdvidce [34]. (although it’s not always the
same information in all three sites) since they operate under the same parent company.
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However, Gartner provides not only research and articles but also reviews for products
with peer insights [35].

• IDC [36]: It does not provide the information we need, focusing on analysis articles
instead of individual tool information. There is no clear software analysis done, and
the content, mainly research documents for the tools, is blocked behind large paywalls,
rendering the site useless to our purpose even if the content met our needs.

• Forrester [37]: It is a pretty complex platform where the information format is akin
to IDC but without the monetary costs. However, it still leads just a search engine for
generalized reports that don’t provide information about the individual tools.

• BetterBuys [38]: This website provides a curated review for an extensive list of tools.
It’s handy for curated descriptions and information about one tool but not specific
enough when it comes to a complete list of features, making it hard to extract the
information needed.

The final list of data sources used for this review process is three sites that operate under
the Gartner corporation: Capterra, GetApp, and SoftwareAdvice. These three sources provide
us with an extensive list of BI tools and software and extensive information about the tools
themselves, their features, and even the scores and reviews that users have posted. These
sites’ search terms are straightforward and can be summarized into choosing the “Business
Intelligence” category. It is important to remark that all three sites add a description of the
review process and its review guidelines to verify the integrity of that data.

For this type of review, the Primary Studies (PS) will be the individual tools we have
found listed from the data sources. The data extracted from these will be the product’s
characteristics and any information that may be relevant to our investigation. The data
synthesis will focus on normalizing the information we obtained from the different sources to
identify duplicate PSs, ensuring quality data.

Quality assessment:

The quality assurance for this review focuses on the data quality categories [39] most
relevant for our case: For the sources, we select those that provide accurate, relevant, and
complete data of our primary studies; and for those primary studies, we make sure that the
information extracted from them is relevant and of consistent representation, something that,
as mentioned before, is checked once again in the data synthesis stage.

Data extraction starategy:

Since the primary studies and their data are each listed in individual registries for the
different domains we source it from, we develop a crawler and scraper tool to help us extract
that information. For every data source, we are coding a separate instance since the inner
workings of each site vary the structure, ensuring that the information obtained complies with
the quality standards we set up. For necessary information not provided on the PS websites,
we use the link provided in them to access the product’s site and use it as a starting point to
find the rest of the relevant data that may be needed.

Selection criteria:

The inclusion and exclusion criteria for this review are put in place to accommodate the
complete list of available BI tools (provided by our sources) into a set that better represents
the top programs of this industry. This selection helps us focus on those more popular
solutions, which will make a bigger impact on the BI community. This also has an advantage:
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the larger and more relevant set of features present for those tools compared to others. This
decision could be considered a limitation of the scope of the PS that we select and would
lead to future work to be made where a bigger portion of tools are reviewed. For this study,
however, this restriction helps us with the volume of data needed to be extracted, specifically
for the tool features and the manual process behind extracting that information.

Before beginning with the selection criteria for the BI tools we choose, we must define what
constitutes a BI tool or what it takes to consider it one. There is a consensus on three main
categories in BI systems [15],[16]: data management, data discovery, and reporting. Data
management focuses on the organization, transformation, and structuring of the input data;
data discovery supports the analysis and understanding of the data, and it allows us to come
to meaningful conclusions with different methods, and; reporting is the data visualization,
offering a more understandable format to convey the results of the analysis.

The three categories are the “full-stack” of BI parts of a project and are often covered by
only one tool. However, there are many projects where this stack is composed of intercon-
nected tools, each taking care of one or more key functions (including the three mentioned).
However, for our study, we only want tools that can cover at least two of the three categories
with their base functionalities (no plugins or third-party solutions), which is the limitation
that we will set when applying the exclusion criteria. The reason to do this is to ensure
that we obtain the tools that are closer to being considered BI and not those that can be of
support in these kinds of projects, but that need others to be useful.

Now that we have explained the reasoning behind the selected criteria, the list of the
inclusion criteria is:

IC1 The tool is labeled with at least two BI categories.

IC2 It is a relevant tool in the market.

And the exclusion criteria are as follows:

EC1 It must be publicly available (no beta versions or in-house solutions).

EC2 It must be localized to or available in English.

EC3 It should not be a niche solution.

EC4 It should still be supported (no legacy tools).

To define if a tool is “relevant” in the market, we reviewed the criteria used to obtain
various “Top Contenders” lists of software in various TRSs [40] [41] [42]. We found out that
the criteria the three sites have in common is the following:

• At least 20 reviews this last 24 months.

• Minimum normalized rating (rating data must not contain high deviations).

• Evidence of listed functionality.

• Serves North American users.

• Software isn’t a niche solution.

5.2.2 Conducting

As mentioned before, no grand scale Systematic Review has been performed on BI tools,
hence the lack of references for this exact procedure. There are cases [23] where the studies
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centered around tool reviews but the representation in academic sources was more favorable
than for this case, and a SLR was performed. For our case, we executed the protocol planned
in the previous phase.

After developing the scraping tool used to obtain the list of PS from each source, we
managed to obtain a list of 1782 items. Once the data was merged, and duplicate PS were
removed, this list got reduced to around 900 different tools.

Figure 5.1: Initial list of primary studies Data extraction date: July 2021

To obtain our selection of BI tools, we proceeded the filtering stage with the inclusion
and exclusion criteria. The data gathered from the three sources regarding the Primary
Studies included all the information needed to begin with the filtering procedure. When it
was missing, it could be easily added to our list, such as the case of available languages.

After merging the three data-sets and performing all the selection criteria filtering except
analyzing if they could be considered BI tools (IC1), we obtained a list of 28 programs. For
every one of them, we also extracted the information regarding BI-specific features, which
was necessary to the evaluation of the BI categories for each tool for the inclusion criteria.
In order to execute the filtering process more easily and also better visualize the information
extracted, we decided to develop a dashboard that ingests the output data directly from the
scraper. This dashboard is explained in more detail in Chapter 6.

With the tool ready, it is as simple as checking which programs did pass the BI consid-
eration criteria IC1 to obtain the final selection of valid BI tools (Figure 5.2). This list is
comprised of 24 tools and can be found in Annex section D

At this point of the process, we begin the data extraction for the information regarding
the specific software features of each tool. This step is done by manually checking each tool’s
website for this information. It is a demanding process that requires going through each tool’s
documentation and checking every feature listed for the DOMMs in Chapter 4. The result of
this process can be partially seen in Figure 5.3, where every tool has informed if the feature
is present or not or if it would allow for it to be used.

5.2.3 Reporting

For this case, the reporting is done through the dashboard visualization created we mentioned
before and with the next section of this chapter. The goal is to communicate the results of
the review and provide the details of the information obtained, but because of the nature of
this thesis and the volume of information present in the annex and a GitHub repository
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5.3 Analysis and Results

Now that we have all the information needed, we can start answering the questions posed at
the beginning of this section. We prepared some more visualizations in the dashboard, such
as Maturity Matrix (Figure 5.4), that displays for each section how the tool is prepared for
each maturity model listed from the previous chapter, breaking down per level its capacity.

Figure 5.4: Maturity Matrix representation for selected tools and models

SRQ2: What are the most common gaps for all the tools in the DevOps Maturity Matrix?

Depending on which model we focus on, we can distinguish areas that perform worse than
others. For CapGemini’s model, code repository, version control, and version monitoring ap-
pear to be the biggest gaps, making the last maturity levels unobtainable for most tools. In
Bucena’s case, the issue also appears to be the lack of code repository availability, appearing
only on 30% of the studied tools, but what really hinders all cases is the self-healing aspect,
only present in one tool and blocking level 4 technology maturity for this model. In IBM, the
bottleneck not only comes from the self-healing aspect but the ticketing feature, one aspect
required to reach level 2 maturity for monitoring and optimization.

SRQ1: What are the maximum maturity levels reached by the tools in the DevOps
Maturity Matrix?

Once we have looked at the gaps, we can see the issues it has caused to some maximum
levels, restricting them to lower tiers. As mentioned before, Bucena and IBM have had
intermediate levels of their maturities locked by the lack of features present in the tools. This
is due to the fact that the models we studied are staged and require all goals to be achieved
to advance to the next level. This does not mean that maturity is low in the whole model
but that some of the most necessary features of the products regarding the technological
aspect for Bucena and monitor/optimization for IBM are missing, and they would need to be
prioritized.
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Besides answering those two questions, what other insights have we obtained? It is im-
portant to note that the observed gaps can be easily explained within the context of how
BI projects work. As mentioned before, BI tends to focus less on coding and scripting for
development, using programs and artifacts that have a harder time being adapted into code
repositories and version control. A similar case would be self-healing since it often relies on
automated rollback procedures, something made harder by the last two features mentioned.
We could argue that this is a problem coming from the maturity models chosen, seeing as
these sections should not be present for these kinds of tools and that a shift in focus towards
BI-centric goals would be more optimal to analyze the maturity of the tools properly.

For the case of ticketing though, the explanation would be that those kinds of features
are rarely included by the tools themselves, and is a feature that is often provided, even
in non-BI projects, by third-party services, such as Jira, ServiceNow, or BugZilla. This
explanation however still shows that BI tools are often not enough by themselves and that
external programs or services are often needed to support these tools and to help projects
achieve better maturity levels.
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Chapter 6

Method and Validation

6.1 Summary

This chapter is intended to present the dashboard tool and the method followed to develop
it; as well as the validation process followed to verify if the information and insights obtained
from the results of the STR coincide with real-world cases. This is achieved with a case study
performed in a company to various active BI projects.

6.2 Introduction

In order to answer SQ3 (How can we model implementation of DevOps methodologies in BI
projects?) we decided to develop a method. This method would use the information obtained
in previous chapters to model the implementation of DevOps methodologies in BI tools and
projects.

6.3 Method

The core sections of this method can be split into two distinct tasks:

• Importing the different aspects to the model

– DOMMs and its Technical and Process goals

– BI Tools and their technical features

• Correlating those components between each other to represent the implementation.

The correlation of these two concepts is done with the Technical goals of the DOMMs
and the Features of BI Tools. This part, however, ignores the Process goals, as they would
correlate with the Process being executed at the project level. One important aspect here is
the nature of the selected DOMMs, as they all are Staged fixed level. This means that to
measure the maturity levels for the tools and consider a maturity level reached all goals and
KPAs for a level must be in place, as explained in Chapter 2.
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6.4 Dashboard: Approach Visualization

This dashboard is a proof of concept of how to model the data extracted from previous
chapters and visualize its information to obtain useful insights. In our case, our idea was
to use this dashboard prototype to help us answer the research questions and validate our
results.

The first section of this dashboard is dedicated to the DevOps models. We included the
three DOMMs selected for our study and a tabular visualization to break down their goals
for each KPA and level.

Figure 6.1: DevOps Model breakdown.

We added to the dashboard a prototype for the “custom maturity model creator” with
limitations, such as only having one goal per maturity level. Some of the features included
were letting the user decide how many levels and KPAs the model would have and changing
their names. The importance of creating custom maturity models comes from the literature
study done for this thesis, where academic studies [18] regarding the effectiveness of DevOps
conclude that “Organizations are better off creating their model based on the various models
available”.

Figure 6.2: Example of how the Custom Maturity Model could be configured.

The next section of the dashboard focused on the BI tools. First, we listed those tools
whose data we extracted was more detailed, having information like pricing, supported lan-
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guages and devices. . . etc. The second page has a clear list of the selected PS we used in the
comparisons and a visualization for their BI features (Figure 6.3).

Figure 6.3: Visualization of the BI Features for each tool.

Having both sets of information allowed us to create the last section of the tool that
focused on analyzing the data. It starts with a tabular view of the different goals extracted
and the list of tools, where every cell shows whether or not the tool passes that goal according
to our theoretical analysis.

Figure 6.4: Visualization of the Technical Features for each BI tool.

The second sheet was designed to visualize the theoretical representations of how the tools
adapt to each model. This representation was used to answer the second part of SQ2, “how
[BI tools] fit in DOMMs”. It is important to remark that the tabular view shows how many
goals each tool reaches but that this number alone does not accurately represent how well
they adapt to the models. This is because our studied models are not “continuous maturity
models”, and missing a “basic” goal translates to poor maturity overall in that KPA.

Example shown on Figure 6.5: ibi has more goals met for IBM’s model, yet Looker ranks
higher overall in the maturity matrix representation.
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Based on the work of Samer I. Mohamed “DevOps Maturity Calculator” [43], we decided
to include an “actual project maturity” section. Here users would tweak which goals they
were reaching and which ones were not independently from the theoretical capacity of the tool
to simulate the maturity of the project. This was used in the validation step. We used this to
create the comparisons in Figures 6.6 and 6.7. We did not finish this feature in its entirety,
and its state was not user-friendly, so it is missing from the final version of the dashboard.

One idea left for future work was the development of a similar interface that would let
users compare BI tools. Users would input their maturity models or select one from the
ones already included in the app to visualize which BI tool would be better suited in terms
of features to meet that model’s goals. It could also inform about said features differently,
where users choose the tool. Then they can see its gaps and how they perform for the various
maturity models loaded (as well as using the previously mentioned custom model).

6.5 Validation

The results obtained in the STR rely on multiple data sources and a rigorous approach to
getting the information. However, we still need to validate them against the maturity of
real-world cases. We decided to recreate the current maturity levels of a DevOps model for
multiple BI projects of the collaborating company using the dashboard tool we developed.
The maturity model chosen was IBM, as it is a complete model in terms of KPAs.

6.5.1 Reporting Project (Qlik Sense)

This project is, compared to others, of small to medium scope, dealing with low volumes of
data and a simple model consisting of five tables joined between each other. It consisted of a
single file where all the extraction, transformation, and visualization elements resided. Every
week, the dashboard was used for a smaller subset of users who would routinely visualize
specific information and generate reports. Since the data is not as critical as other cases and
rarely deviates from the defined structure, monitoring the app is considered a low priority.
This information is relevant to the results obtained and is provided to give an idea of this
project’s relevance.

We measured the different goals for this case and found exciting results comparing the
expected maturity and real values. As expected, the features listed for this tool corresponded
with what it had to offer in real life, but the maturity differences between the theoretical
results and the ones obtained by doing this study came from the implementations themselves.
In our results, various goals such as Automated Testing, Self-service deployment, and Con-
tinuous Monitoring were not being met since it depended on the development team choosing
to implement them rather than the feature being present in the tool itself. On the other hand,
the ticketing aspect was a priority, and they managed to reach that goal in the project using
a third-party tool (ServiceNow). With this information plotted (Figures 6.8 and 6.9), we can
see that there exists a difference between the theoretical maturity of the tool and how it is
being used in the real world.

6.5.2 Company Operations Project (QlikView)

On the other side of the spectrum, this project has been inactive development for a couple
of years and keeps evolving. Many users use it daily to check the information of many dif-
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Figure 6.6: Theoretical maturity for Qlik Sense.

Figure 6.7: Tool maturity of the studied project’s Qlik Sense implementation.

ferent data sources that need to be combined in a specific transformation process. Downtime
accessing the visualizations can be critical, especially in the morning hours, and the myriad
of automated reports need the information to be up to date to be sent. It is one of the most
critical parts of this team’s responsibilities and requires two people in charge of it to develop
new visualizations and issue resolution.

After comparing the theoretical analysis and the project’s results, we could see that this
case was similar to the previous one. Here, the theoretical estimation matches the real matur-
ity of the project’s tool, and lacking necessary features is solved by incorporating other tools
to cover that area of the project. Since ticketing is very important to logging incidents and
bugs, it is applied company-wide and used for this case, improving Monitor and Optimization
maturity for this project (and many others).

To validate the project representation performed for the two real cases, we conducted
interviews with various team members involved in its development, support, or management.
Our objective was twofold: ask about the procedure of the maturity evaluation for every
project and show them the results obtained for this chapter to see if they agreed on it. We
also asked the users how they felt about a tool that streamlined the maturity evaluation
procedure and showed them the prototype.

The results for these interviews were very positive regarding the representation of the
maturity of the projects, showing no disagreement at all, yet the maturity evaluation section
was a bit more concerning. Development team members answered that they did not choose
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Figure 6.8: Theoretical maturity for QlikView.

Figure 6.9: Tool maturity of the studied project’s QlikView implementation.

the BI tool used, but the final client set it. And management revealed that the client often
suggested maturity models, with some leeway given to them to choose a model in case the
client did not perform any maturity analysis for the project.

When showing the prototype, the team members positively responded to it, letting de-
velopers better understand how the DevOps models measure the tool’s maturity. Management
remarked on the tool’s usefulness and model comparison, specifying that representing to the
clients the different maturity model options and the list of existing BI tools available could
be helpful as leverage when the decisions regarding these matters are discussed.
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Chapter 7

Conclusions

To wrap up this thesis, we will go over the research question, and sub-questions posed at
the beginning, and we will answer them, adding an explanation to those results within this
context. We will also go over the next steps and future work proposed.

RQ: How are BI projects currently implementing DevOps?

As seen from the results obtained, BI tools are very different from each other and have
different approaches to provide the software users with the sector-specific functionalities that
they need, yet the features related to the tool itself that is also relevant for improving DevOps
implementations into the projects are present in the majority of products, at least to the
intermediate levels. Some aspects of these models are rarely found in these tools, sometimes
from their high complexity to be implemented or for the fact that such specific functions are
already supported by different software or services and adding them to the tool would be
more trouble than what it is worth. However, It is important to note that teams that seek to
reach the highest maturity levels may need to take into account what tool they are choosing,
as some options will eventually limit the maximum maturity levels, and making up for its
shortcomings is more complicated for certain functionalities than for others.

SQ1: Which are the state-of-the-art DevOps Maturity Models?

The current state of DevOps models is a very complex issue, as seen in Chapter 4 and
in many other papers, such as Gasparaite’s review [17], since even models that have been
validated lack details in the required assessment. At this point, we have come to a similar
conclusion to C. Marnewick et al. [18], which is that independent of the project’s technology,
existing DOMMs are a good starting point to start improving, but they should be adapted
to create a custom model that fits the project or organizations’ needs.

SQ2: Which BI tools are available in the market, and how do they fit in DOMMs?

The results we obtained regarding the BI tools are a good representation of the market
leaders that currently exist for this area, being formed by a large number of different software
products across this category. A very important part of this project was the dashboard
created to view the information of each tool, but also to compare it to the maturity models
and their goals. The results of that comparison found in Chapter 6 showed us that BI tools
are well prepared for DevOps but that certain areas still require specific attention.

Business Intelligence Adoption of DevOps Methodologies 45



CHAPTER 7. CONCLUSIONS

SQ3: How can we model implementation of DevOps methodologies in BI projects?

To be able to model the implementation, we must correlate both concepts together. As
explained in chapter 6, it can be done by matching the technical features BI tools have with
the goals described in the KPAs of DOMMs for the implementation of the ”technological”
aspects of a project. For other elements relating to Processes, Culture, and People, this would
have to be done on a project-by-project basis.

7.1 Future Work

One of the most interesting aspects that have yet to be answered is if the creation of a BI
DevOps maturity model would be beneficial for these types of projects. We have observed
that existing DOMMs are not a perfect fit for BI-specific cases, where certain goals are still
expected to be met when they are not relevant in this context. It would require an in-depth
analysis of BI and carrying out a design relevant to this area with a similar procedure as the
one M. Radstaak [12] followed, reporting and validating its usefulness.

Another aspect that is of very much interest and would still need more time for its de-
velopment and validation is the maturity dashboard proposed as a prototype to the BI team
in the company since the feedback obtained from them was very positive and would be of
much use to teams that are looking for a way to measure and visualize the current maturity
of their project in a simple manner. As mentioned before, this last aspect is inspired by the
previous work of Samer I. Mohamed [43], where he proposed a “DevOps maturity calculator”,
the objective of which was similar to ours: allow users to represent the project and obtain
its maturity scores. Developing this kind of tool and testing its effectiveness would be very
useful and an interesting starting point for future investigations.
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Appendices

A List of Technical Features

1. Ad-hoc Deployments: the capability to deploy a version of the current project manually.

2. Ad-hoc Testing: basic, manual testing with minimal or no automation. It includes Unit
testing or static code analysis.

3. Automated Builds: The build process starts automatically, usually after a change is
made.

4. Automated Deliveries: Scheduled or automated delivery processes for the products.

5. Automated Deployment: Deployment automation, either by scripts or RPAs, can affect
one or more environments

6. Automated Environment Deployment: Environments can be installed and configured
automatically.

7. Automated Environment Management: Manage environments through automation,
usually with scripts and daemons.

8. Automated Integrations: Product Integration is automatic. It’s a separate part of the
delivery or deployment process and can independently be scheduled or automated.

9. Automated Monitoring: Monitoring processes are automated and used to track different
types of information.

10. Automated Provisioning: Data provision is handled automatically in the project.

11. Automated Testing: Tests are now executed automatically, usually scheduled in batches
with scripts.

12. Builds with Test: Tests are now executed in the build phase and are taken into account
to decide if the product gets delivered or not.

13. Centralized Management: There is a system in place to manage different types of tasks
and processes related to the current project or product, like the different automated
parts it may have.

14. Code Repository: All the project’s code is saved and kept in a Code Repository.

15. Continuous Delivery: A Continuous delivery process takes place.

16. Continuous Integration: A Continuous Integration process takes place. Integration
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covers the entire product and it is connected to acceptance testing.

17. Continuous Testing: A continuous testing process takes place.

18. Continuous Monitoring: Continuous monitoring process. This includes specific monit-
oring tasks such as KPI monitoring.

19. Data Management: The capability to handle and manage the data used by the product.
(Its sources, data models, volumes...)

20. Data source Monitoring: Monitoring focused on the input data from any source to
obtain different metrics like performance, volume....

21. Product Monitoring: Monitoring focused on the data generated specifically by the
product.

22. Self-healing: It focuses on automatic problem localization, isolation, and issue resolution

23. Self-Service Deployment: It can provide self-service builds, provisionings, and deploy-
ments.

24. Software Configuration Management: Or SCM for short is used to manage the different
configurations of a project to all its parts.

25. Ticketing: A service in place to allow individuals to report and track issues to the Dev
team.

26. Version Control: Different versions of the product are saved. This is usually done to
the code only but can be used with artifacts, builds, or even configuration files.

27. Version Monitoring: Monitoring focused on the values measured in each product release
and the differences found between each of them.

28. Virtualization / Cloud / Containerization: Support for process virtualization.

B Technology Research Services

Technology research services provide buyers of software and hardware with data and informa-
tion to make a more informed purchasing decision. These services may source their data from
technology analysts who have built relationships with technology vendors to better under-
stand tools or crowdsourced peer data that build recommendations based on unbiased user
feedback. Additionally, technology research firms often run surveys and speak with customers
directly to gain further knowledge of software and hardware.

52 Business Intelligence Adoption of DevOps Methodologies



APPENDIX A. APPENDICES

C Bucena’s Technological Practices

Figure A.1: Table 2 in Bucena’s Maturity Model [26]: DevOps practices relevant to Maturity
Model Technology area
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D Final BI Tool list

Tool Name Website link

Domo www.domo.com/features
BOARD www.board.com/en/features
Grow www.grow.com/product/features
Holistics www.holistics.io/features/
Klips www.klipfolio.com/klips
Looker looker.com/product/new-features
MicroStrategy Analytics community.microstrategy.com/s/documentation
Mode www.mode.com/
Qlik Sense www.qlik.com/us/products/qlik-sense
QlikView www.qlik.com/us/products/qlikview
SAP BusinessObjects Busi-
ness Intelligence

www.sap.com/products/bi-platform/features.html

Exago BI exagobi.com/software/product/reports/
cluvio www.cluvio.com/features.html
clicData www.clicdata.com/product/
Alteryx Designer www.alteryx.com/products/alteryx-platform/alteryx-

designer
Dundas BI www.dundas.com/dundas-bi/platform
ibi www.ibi.com/
Logi Analytics www.logianalytics.com/dashboard-data-visualization
Microsoft Power BI data-flair.training/blogs/power-bi-features/
Phocas Software www.phocassoftware.com/phocas-analytics
Sigma Computing www.sigmacomputing.com/
Sisense www.sisense.com/solutions/developer/
Tableau www.tableau.com/products/server
Zoho Analytics www.zoho.com/analytics/business-intelligence-bi-

software.html
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