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Abstract

Introduction
The current dynamic landscape of technology and business has driven a lot of organiza-
tions to adopt agile methodologies. Organizations hoped that adopting agile methodologies
would achieve shorter delivery times. However, despite faster software development on the
development side, the adoption did not achieve more frequent release cycles due to isolated
departmental functions. This led to the emergence of DevOps to align Development and
Operations teams and ensure faster overall delivery. While DevOps is primarily focused on
traditional software development teams, non-traditional development teams, such as data
integration teams, might also experience the benefits of adopting DevOps practices. However,
there is a lack of empirical evidence on whether DevOps practices are suitable for data
integration teams. Besides the lack of empirical evidence, a company raised the question
of whether DevOps practices can effectively address and fulfill specific expectations for a
data integration team, leading to the following research question: How to design a guide for
adopting DevOps practices in a data integration team?

Methodology
This research used a Design Science Research Methodology integrated with a case study to
design and demonstrate a guide for adopting DevOps practices in a data integration team.
This research interviewed eight stakeholders of a data integration team and five team members
of a data integration team. The transcriptions of these interviews were analysed using a
thematic approach.

Results and discussion
This research designed a guide with the use of a mapping. In this mapping, fifteen identified
stakeholders’ expectations for the data integration team were mapped to DevOps practices.
The guide was written based on the outcomes of this mapping. To demonstrate the guide, the
study interviewed the data integration team and assessed their current adopted practices to
the expected practices from the guide.

The study found that most expectations of the stakeholders could be mapped to agile practices,
suggesting that agile methodologies might be what stakeholders seek for a data integration
team, instead of a full DevOps adoption. Additionally, this research found that despite that
most of the activities of a data integration team and expectations of their stakeholders could
be mapped to DevOps practices, the ones on data management could not. This shows the
misalignment of DevOps and data management practices, and suggests that to fully support
data integration teams, the guide should not be used on it self. Moreover, the demonstration
of the guide showed that the data integration team implemented DevOps practices that are
not part of the guide, suggesting that the guide should be expanded with DevOps practices
based on their needs.

Conclusion
This research concludes that implementing DevOps practices can help data integration teams
meet stakeholders’ expectations. However, it also raises the question of whether DataOps is
more suitable for a data integration team due to the data management activities.
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1 Introduction

The current dynamic landscape of technology and business has driven a lot of organizations to
adopt agile methodologies. This adoption should lead to higher quality and shorter delivery times
in the development process [6]. However, a lot of organizations have found that they were not able
to achieve a more frequent release cycle, primarily because departmental functions are operating
in isolation from each other [6, 14]. Agile practices are usually only adopted on the Development
(Dev) side which promoted faster software development. Nevertheless, the Operations (Ops) side
would also need a faster cycle to achieve a more frequent release cycle as they coordinate the actual
release of software in organizations [6, 14]. Thus, even if the software has been developed fast, the
business cannot get value from it [6]. Building on lean and agile practices, a new method arrived to
solve the alignment issue of Development and Operation teams, called DevOps [9, 14].

While DevOps is primarily focused on traditional software development teams, non-traditional
development teams, such as data integration teams, might also experience the benefits of adopting
DevOps practices. Data integration teams implement techniques and strategies to enable flexible
sharing and integration of data across multiple autonomous data providers, ensuring flexibility in
data exchange processes [8, 23]. Their main activities revolve around data management, supported
by development for their infrastructure. However, empirical evidence on whether DevOps practices
are suitable for data integration teams and their specific activities could not be found.

Nowadays, data has become more important than ever, especially for data-driven organizations
[39]. It is easy to understand that organizations that base their decisions on data, need it deliv-
ered fast while maintaining high quality. However, data management activities are often manual,
non-optimized and error-prone. This often delays the time it takes for data to deliver value to the
business [27]. DataOps was developed to solve this problem. It is aimed to shorten the end-to-end
data analytic life-cycle time by introducing automation in the data collection, validation, and verifi-
cation process [27]. It overlaps with DevOps components, such as automation, quality assurance,
and collaboration, while it also covers data management activities.

1.1 Problem identification and motivation

This study was conducted as a case study within an e-commerce subsidiary of a global manufac-
turer. This company raised the question of whether DevOps practices can effectively address and
fulfill specific expectations for a data integration team, providing that their data integration team
currently works in a DevOps manner. DevOps practices are mainly designed for traditional software
development teams, and while data integration teams develop software for their infrastructure, they
are not a traditional software development team. Currently, there is a lack of empirical evidence on
the adoption of DevOps practices in data integration teams. This gap raises questions about how De-
vOps can be effectively adopted within a data integration team or if a different approach is necessary.

Given this practical question and the lack of empirical evidence on the adoption of DevOps
practices in data integration teams, this research aims to design a guide for adopting DevOps
practices, which will be based on the expectations of stakeholders within the data integration
team. The objective of the guide is to provide DevOps practices that address and fulfil specific
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expectations for a data integration team.

This research will design and demonstrate based on the following research question and sub-
questions:

How to design a guide for adopting DevOps practices in a data integration team?

1. What are the requirements for a data integration team?

2. Which DevOps practices are currently adopted in a data integration team?

1.2 Thesis overview

This chapter contains the introduction; Section 2 includes the background & related work; Section 3
describes the methodology used in this research; Section 4 describes the design & development
of the guide; Section 5 demonstrates the designed guide; Section 6 discussed the findings of this
research and provides recommendations for future work; Section 7 concludes.
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2 Background & related work

This chapter outlines the background and related work to this study. subsection 2.1 will discuss a
standard definition of DevOps and its central components. subsection 2.2 will continue by discussing
DevOps practices and provide a table of common DevOps practices. subsection 2.3 will discuss
DevOps and data integration followed by DataOps.

2.1 DevOps

While there is no formal standard definition of DevOps, multiple studies have proposed definitions
[4, 9, 11, 20, 22, 42]. Blinde provided an overview of seventeen definitions found in scientific
literature [4]. In their study, Jabbari et al. researched the definitions of DevOps in peer-reviewed
literature and identified eight key components that characterize it. Building on these findings, they
combined each identified component and proposed the following definition [20, 4]:
“DevOps is a development methodology (C4) aimed at bridging the gap (C3) between Development
(Dev) and Operations (C1), emphasizing communication and collaboration (C2), continuous inte-
gration (C7), quality assurance (C8) and delivery (C5) with automated deployment (C6) utilizing a
set of development practices.”
Given that this proposed definition includes various components, including practices, and is rooted
in peer-reviewed literature, it aligns well with the scope of this research. The components will be
discussed further in the next subsection.

2.1.1 Central components of DevOps

Jabbari et al. identified eight central components of DevOps based on 44 peer reviewed studies [20]:

1. Development and Operations

2. Communication, Collaboration, Team working

3. Bridge the gap

4. Development method

5. Software delivery

6. Automated deployment

7. Continuous integration

8. Quality assurance

As mentioned in many studies, DevOps is about bridging the gap between (software) development
and (IT) operations teams [5, 6, 14, 24, 25]. Research on development and operations teams
revealed several issues stemming from their insufficient activity integration [18, 19, 38]. These
include IT operations being excluded from requirements specification, inadequate communication
and information flow between the teams, insufficient test environments, limited knowledge transfer,
premature system deployment, and the lack of established operational routines before deployment [18,
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19, 25, 38]. The lack of integration between these teams stems from their isolation from each other,
often referred to as working in silos [6, 14]. One of the core principles of DevOps is bridging the
gap between these teams by breaking down the silos and promoting cross-functional collaboration.

Communication, Collaboration and Team working

Cross-functional collaboration is part of another key component of DevOps, namely Communication,
Collaboration and Team working [20]. Studies show the importance of team collaboration and
efficient communication between team members for organizational success [13, 15]. Furthermore,
Hermawan et al. highlight the positive effect of teamwork quality in software development [15].
Software development had already switched from traditional development methods, plan driven
project management, to agile software development methods [3, 14, 40]. Agile methodologies are
aimed at increasing transparency of project progress, creating usable products and services, and
responding more quickly and efficiently to new or changing customer requirements [3, 40]. Agile
aims to achieve this by focusing on collaboration within software development teams and with its
customers [21, 40]. By extending agile methodologies to operations teams, DevOps bridges the gap
between the teams and creates cross-functional teams [14].

Continuous integration/Continuous Deployment

Hemon et al. investigated the transitions between development and operation teams when transi-
tioning from Agile to DevOps, they identified three different stages: Agile, Continuous Integration
and Continuous Deployment [14]. Continuous integration (CI) is the first step from Agile to DevOps.
CI focuses on integrating code changes from multiple developers into a single shared repository [41].
This approach aims to identify and correct bugs in the code early in order to reduce software release
time [36, 41]. The second step is continuous deployment (CD). CD extends CI by incorporating
automated testing, to ensure code quality (quality assurance), and automating the delivery of
software to production as soon as all automating tests have been successfully passed (automated
deployment), to achieve even faster release cycles [20, 25].

2.2 DevOps Practices

Now that the foundational components of DevOps are explored, the specific practices that or-
ganizations adopt to implement DevOps methodologies effectively will be introduced. Similar to
DevOps itself, there is no standard defined or set of DevOps practices. Nonetheless many studies
focused on identifying DevOps practices [4, 11, 20, 25, 34, 36]. DevOps practices are activities that
are proposed to be executed in the context of DevOps [20]. Another way to interpret this is that
these practices are how DevOps principles are adopted within organizations. Blinde identified 47
practices in scientific literature [4]. Table 1 provides an overview of the fourteen most common
identified practices. The fourteen most common identified DevOps practices are mainly focused on
automated deployment, continuous integration, quality assurance, and software delivery. However,
they do not contain practices on communication, collaboration, and team working.
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Table 1: Most common DevOps practices identified in Scientific Literature [4, 28]

# Practice Sources

1 Automated and continuous deployment throughout entire pipeline [1, 11, 20, 24, 35, 37]

2 Make small and continuous releases [37, 30]

3 Developers get feedback based on releases [12, 30]

4 Create development sandboxes for minimum code deployment [11]

5 Everything is stored as code and under version control [11, 24, 20, 17, 12]

6 Integrated configuration management [20]

7 Automated and continuous testing in development and staging
environments

[11, 20, 17, 12, 30]

8 Reduce the time it takes to test, validate and QA code [1]

9 Code reviews are change based [24]

10 Automated and continuous monitoring of applications and re-
sources

[24, 20, 2, 12]

11 Automated dashboards that include health checks and performance [12, 20]

12 Support configurable logging that can optionally be turned on/off
as needed

[12]

13 Use trunk-based development over long-lived feature branches [24, 17]

14 Use Test driven Development where all code has unit tests [30]

2.3 DevOps and Data Integration

While DevOps is primarily focused on bridging the gap between development and operation
teams [5, 6, 14, 20], there are certain IT aspects which may not be fully encompassed within
traditional development teams, such as the data integration teams [10]. Data integration teams
(Data Engineers) specialize in implementing techniques and strategies to enable flexible sharing and
integration of data across multiple autonomous data providers, ensuring flexibility and autonomy
in data exchange processes [8, 23]. These teams have a distinct set of challenges and requirements
which may not be fully addressed by all of the DevOps practices as they are customized for software
development teams [4, 20, 23]. Research on the adoption of DevOps practices within data integraiton
teams could not be found in scientific literature. However, research in the area of data processes
and DevOps practices led to the concept DataOps [10].

2.3.1 DataOps

Few scientific studies have tried to define the concept DataOps [10, 26]. The first definition of
DataOps came from Palmer who published his definition on a blog [29]. This definition included
the terms communication, collaboration, integration, and automation [29], overlapping with com-
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ponents of DevOps. Ereth conducted an exploratory literature review, followed by interviews with
industry experts to construct a working definition of DataOps [10]. Ereth proposed the following
definition [10]:
“DataOps is a set of practices, processes and technologies that combines an integrated and process-
oriented perspective on data with automation and methods from agile software engineering to improve
quality, speed, and collaboration and promote a culture of continuous improvement”

The process of collecting data, cleaning the data, and processing data is often manual, non-
optimized and error-prone, which delays the time it takes for the data to deliver value to the
business [27]. As discussed by [27], DataOps is a general process aimed to shorten the end-to-end
data analytic life-cycle time by introducing automation in the data collection, validation, and
verification process. [32] notes that in DataOps different teams within an organization work to-
gether to deliver value, including Data Scientists, Data Engineers, Developers and Architects, Data
Governance and IT, and an Operations team. Both [27] and [32] highlight the importance of the
gathering of business requirements with active involvement of all these actors.

6



3 Methodology

This chapter outlines the methodology used in this research. This research used a Design Science
Research Methodology integrated with a case study and qualitative research methods. This research
explored existing literature and used semi-structured interviews with a data integration team and a
selected few of their stakeholders.

3.1 Design Science Research

As Henver and Chatterjee conceptualised [16], Design Science Research (DSR) is a research paradigm
in which a designer answers questions relevant to human problems via the creation of innovative arti-
facts and thereby contributes new knowledge to the body of scientific evidence. The designed artifacts
are, as Peffers et al. highlights, the link between IS (Information Systems) research and practice [31].

Peffers et al. proposed a set of guidelines for using Design Science Research (DSR), which are based
on common process elements found in the literature [31]. These guidelines consist of six stages,
which were applied in this research as follows:

1. Problem identification and motivation
This initial stage is focused on defining a specific real-world problem which will justify why a
solution is needed. From practice, the question was raised of whether DevOps practices can
effectively address and fulfill specific expectations for a data integration team. This question
and the lack of emperical evidence on adopting DevOps practices within a data integration
team, motivated that a guide for adopting DevOps practices within a data integration team
is needed.

2. Objectives of a solution
The second stage is focused on identifying the objectives for a solution based on the real-world
problem. The objective of the guide is to provide DevOps practices that address and fulfil
specific expectations for a data integration team.

3. Design and development
The third stage is focused on designing the artifactual solution. For this stage a set of require-
ments that a data integration team should fulfill was formulated; the identified requirements
were mapped with DevOps practices; and a guide for adopting DevOps practices in a data
integration team was designed.

4. Demonstration
The fourth stage is focused on demonstrating the efficacy of the artifactual solution. To
demonstrate the guide, a list of activities of a data integration team was created; the activities
were mapped to DevOps practices; the implemented DevOps practices were identified; and
the implemented DevOps practices were compared to the practices from the guide.

5. Evaluation
The fifth stage is focused on evaluating how well the artifact supports a solution to the
problem. This stage would have been an evaluation of the artifact, by a practitioner, due to
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time constraints this an external evaluation was not executed. Nevertheless, this research
evaluated the artifact based on the findings from the demonstration and literature.

6. Communication
The final stage is where the problem and the artifact are communicated to relevant audiences.
The final artifactual solution was shared with the data integration team and the stakeholders
involved to ensure that they understand the proposed solution and can apply it to their
current situation.

3.2 Methods

3.2.1 Interviews

During the initial stage, two rounds of interviews were conducted. One round of interviews involved
semi-structured interviews with stakeholders of a data integration team which lasted approximately
an hour. These interviews aimed to identify the expectations for the data integration team and to
assess the current performance of the team based on these expectations. The interview consisted
of open-ended questions designed to encourage participants to provide detailed descriptions of
their expectations and detailed descriptions of their assessment of the current performance of
the team. The questions were formulated based on the components communication, collaboration
and quality of the output. In addition, the participants were asked about their experiences with
data integration teams and their general expectations for data integration teams based on their
experiences (Appendix A).

The other round of interviews involved semi-structured interviews with members of a data integra-
tion team which lasted approximately half an hour. These interviews aimed to identify the specific
activities practiced by the team. The semi-structured approach provided the flexibility to adjust
questions, provide clarifications and ask for elaborations. The interviews consisted of open-ended
questions designed to encourage participants to provide detailed descriptions of their activities.
These questions were formulated based on the DevOps components discussed in subsubsection 2.1.1
and focused on the specific activities performed by the team related to these components. In
addition, the participants were asked about Development and Operation within their team and
their experiences with DevOps (Appendix B).

3.2.2 Data analysis

This research used a thematic approach to analyse the data of both interview rounds. This involved
transcribing the interviews followed by coding the transcripts and closely examining the data to
identify statements and themes. For the round of interviews with stakeholders, the analysis focused
on identifying expectations, current perceptions of the data integration team’s performance, and
other relevant remarks. The identified expectations were further categorized into general themes
such as Collaboration, Communication, Data quality, and Other.

For the round of interviews with the data integration team, the focus was on identifying spe-
cific activities and notable remarks. These activities were categorized into general (DevOps) themes

8



such as Team working, Testing, Monitoring, Development, Stakeholder engagement, and Automa-
tion. Additionally, a separate category was created for data-specific activities that are specific to
data integration.

3.3 Evaluation

The methodology of this research integrates Design Science Research with a case study. Design
Science Research was used in this research to not only understand the current state and the problem,
it was also used to develop an artifact aimed at improving data integration teams’ performance
through the application of DevOps practices. Additionally, the case study approach was crucial to
gain concrete, contextual, in-depth knowledge about this specific real-world problem. It enabled this
research to gain contextual insights and concrete team activities that would have been limited by
the use of broader survey methods. Furthermore, the semi-structured interviews allowed structure
and flexibility while providing a structured list of activities and expectations and simultaneously a
more in-depth understanding of participants’ perceptions. The use of this methodology enables
this research to contribute both theoretically and practically. It provides the understanding of the
use of DevOps Practices in data integration teams and an artifact that data integration teams can
implement to meet stakeholder expectations.
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4 Design & Development

This chapter outlines the design and developemnt of the guide for adopting DevOps practices in a
data integration team. subsection 4.1 introduces the case study. subsection 4.2 discusses the fifteen
identified expectations for a data integration (DI) team. subsection 4.3 outlines a mapping, created
to align the identified expectations with DevOps practices. subsection 4.4 outlines the designed
artifact, a guide for adopting DevOps practices in a data integration team.

4.1 The case

This case study examined a data integration (DI) team within an e-commerce company which is a
subsidiary of a global manufacturer. This case was chosen due to their question about whether De-
vOps practices can effectively fulfill the specific expectations for a data integration team, providing
an opportunity to explore the applicability and impact of DevOps in a non-traditional development
team.

The DI team operates as part of the data department within the organization and delivers
to other teams within the department, including the analytics team, the data visualization team,
and the data governance team. The DI team consists of the manager of DI and five team members,
consisting of four data engineers and one data architect. They work together to produce their
expected outputs, and according to them, they do this using DevOps practices.

Table 2: Reported inputs from stake-
holders to DI

Input to DI Freq

Requirements 3

Data relationships 3

Business insights 3

Definitions 2

Meaning of data 2

Quality controls 1

Data model 1

Data structure 1

Expertise 1

Direction 1

Table 3: Reported outputs from DI to
stakeholders

Output from DI Freq

Data model 7

Data sets 6

Documentation 1

Technical knowledge 1

Infrastructure 1

Data warehouse 1

Data environment 1

The DI team relies on different inputs from their stakeholders to create their outputs. The
stakeholders mainly provide requirements, business insights, and data relationships (Table 2). Using
these inputs, the DI team creates different outputs. These outputs primarily consist of data sets
and data models but can also include things like documentation and technical knowledge (Table 3).
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The stakeholders rely on the outputs from the DI team to perform their day-to-day operations. For
instance, the data visualization team needs the data sets to visualize it; the analytics team needs it
to analyse the data; and the data governance team needs it to perform quality checks on the data
(Table 4).

Table 4: Reported use of outputs by
stakeholders

Use of DI output Freq

Data visualisation 3

Analysis 3

Product development 2

Legal purposes 1

Communication 1

Data quality checks 1

Table 5: Reported ways of communica-
tion between stakeholders and DI

Communication with DI Freq

Manager of DI 6

Unstructured communication 5

Bi-weekly meetings 4

Tickets 3

There are different ways how the stakeholders and the DI team communicate with each other about
the inputs and outputs (Table 5). Most of the communication goes through the manager of DI,
who communicates for the team towards the stakeholders. There are also structured bi-weekly
meetings and unstructured communication between the teams. Another important method for
stakeholders to communicate with the team is by creating tickets. These tickets serve as requests or
issues that stakeholders raise, which the DI team then processes and addresses according to priority
and feasibility.

4.2 Expectations for a data integration team

For this research, eight stakeholders were interviewed. Among them was the director of the data
department, who serves as the main stakeholder for all the teams within the department, including
the DI team. The remaining interviewees were members of the different stakeholder teams. These
interviewees were selected based on recommendations from the manager of the DI team. Table 6
provides an overview of the roles of the interviewed stakeholders within the organization, the teams
they belong to, and their years of experience working with data integration teams.

This research identified fifteen expectations for the data integration team shown in Table 7. The
expectations were organised into four categories: Expectations about communication between
teams; Expectations about data quality; Expectations about collaboration between teams; Other
expectations. The expectations were mentioned in the transcripts in 100 instances of which 46%
were related to communication between teams, 28% were related to data quality, 22% were related
to collaboration between teams, and 4% were other expectations.
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Table 6: Stakeholders’ role and years of experience with data integration teams

ID Role Team Experience with DI teams

S1 Director Data Department 35 years

S2 Analyst Analytics 2 years

S3 Manager Analytics 10 years

S4 Manager Analytics 6 years

S5 Engineer Data Visualisation 2 years

S6 Manager Data Visualisation 7 years

S7 Manager Data Governance 9 years

S8 Manager Data Governance 2 years

4.2.1 Communication between teams

Out of the expectations about communication between teams, this research found that the stakehold-
ers expect updates on planning (23 instances), expect clear communication (16), expect updates on
data related changes (5), expect communication about alerts (1), and expect updates on challenges
(1). Below follows an explanation of the expectations about communication between teams:

Expect updates on planning (23). Updates on planning is the most mentioned expectation around
communication between teams mentioned by participants. The stakeholders reported to expect a
clear planning, updates on the changes in the planning, and updates on specific tickets that they
filed. As stakeholder S5 stated: “I think one expectation that we definitely have is let’s say in terms
of long term planning, when can we expect data sets or models that we are depending on for open
request from the business”

Expect clear communication (16). The participants reported to expect that the DI team com-
municates clearly by using a communication process, and communicating frequently, openly and
proactive. Stakeholder S4 highlights the need for proactive communication: “Of course, I also expect
them to communicate with me ahead of time if they need something from me.”

Expect updates on data related changes (5). The participants, such as stakeholder S2, reported
that they expect DI to give updates when something data related changes. Stakeholder S2 noted:
“When they decide on something new, like a new model, which may be affecting us or our tasks or
our reports, we expect to be communicated and taken as a stakeholder by data integration and may
be included in the decision-making.” The quote emphasizes the need for updates when a new data
model is chosen, which may affect the workflow of the stakeholder’s team.

Expect communication about alerts (1). Stakeholder S4 reported that they would ideally ex-
pect DI to communicate to them when alerts occur, as stated: “Sometimes we are missing data for
certain countries and we are flagging that which is not necessarily a big deal. Ideally they would flag
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that to us and not the other way around.”

Expect updates on challenges (1). Stakeholder S7 clearly stated to expect proactive communication
on challenges: “Proactively letting us know about challenges and timelines is one expectation.”

4.2.2 Data quality

Out of the expectations about data quality, this research found that the stakeholders expect high
quality data (23), expect testing on data products before releasing to production (3), and expect
maintenance of data products (2). Below follows an explanation of the expectations about data
quality:

Expect high quality data (23). High quality data is the most mentioned expectations around
data quality mentioned by participants. They reported that they expect accuracy and reliability in
the data, but also that the data is expected to be up to date and needs to match the source data.
As stakeholder S1 stated: “It [data] needs to be in time it needs to be accurate, it needs to fulfill our
seven C’s for our data, principles that we have established inside of the team so that we can meet
them and ensure that these are delivered.”

Expect testing on data products before releasing to production (3). The participants reported that
it is important for them that the data products are tested before they are released to production.
Automated validation and testing on data model were mentioned by the participants as expectations
regarding this.

Expect maintenance of data products (2). An interest was shown into the maintenance of the
data products by participants, including efficient maintenance, and incorporating monitoring and
alerts. As stakeholder S7 stated: “The environment is also making it complicated but, from my own
experience, the challenge is to find the middle ground between maintenance. Because maintenance
eats up capacities and maintenance work can also be very much demotivating for a team if you need
to do it too much”
This quote emphasizes the balance that must be met between performing necessary maintenance
tasks and avoiding the excessive allocation of resources to these tasks, which can be demotivating
for the team. Efficient maintenance involves optimizing these tasks to ensure they are manageable
and do not hinder the team’s productivity.

4.2.3 Collaboration between teams

Out of the expectations about collaboration between teams, this research found that the stakehold-
ers expect structured collaboration on data products (10), expect structured collaboration between
teams (5), expect understanding of the business context around data products (5), and expect doc-
umentation (2). Below follows an explanation of the expectations about collaboration between teams:

Expect structured collaboration on data products (10). A structured collaboration on data products
was the most mentioned expectation around collaboration between teams mentioned by participants.
They reported to expect collaboration in creating a daily data refresh and a reporting table as well
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as collaboration on a data model/set, input on data product improvements and that the output
meets goals the goals and strategies of the department. Such as stakeholder S2 clearly stated:
“Maybe some suggestions to us about how we can use it [query] in a more efficient way and maybe
performance issue exist in our own query. Maybe they can also suggests some improvements about
it. So, we need some collaboration around this.“

Expect structured collaboration between teams (5). The stakeholders mentioned that they expect a
structured collaboration between their teams and the DI team. A structured collaboration approach,
clear definitions of roles and responsibilities of team members, and collaboration in looking for
solution were reported by them as expectations regarding this. Stakeholder S8 highlights this: “I
think at the end of the day, maybe there should be a more structure. As I said, the collaboration
and more synergy between the different teams.”

Expect understanding of the business context around data products (5). The DI team is ex-
pected to have an understanding of the business context around data products according to the
participants. They reported to expect that the DI team understands the business, understands
use cases, and proactively asks questions about requirements. Stakeholder S3 stated that DI needs
to understand the use cases of the data: “They also need to communicate with the outside and
understand the use cases that the data is being used for.”

Expect documentation (2). As reported by the participants, the stakeholders expect documentation
from DI. They mentioned that they expect to have clear documentation on the data platform for
users and to have documentation on definitions. As stakeholder S2 stated the need for documenta-
tion for stakeholders (users): “We need clear documentation, but the audience shouldn’t be data
integration, the audience should be stakeholders accordingly. We need the documentation too because
we need to encourage people to use data platform and in current way it’s very hard. It’s just a few
people using the data platform because it’s not easy to understand.”

4.2.4 Other expectations

Out of the other expectations, this research found that the stakeholders expect knowledge sharing
(2), expect DI to be aware of data privacy and compliance (1), and expect to influence cultural
change (1). Below follows an explanation of the other expectations:

Expect knowledge sharing (2). Two instances were reported in the interviews where stakeholders
highlighted that they expect the DI team to share knowledge. One of these instances, was by
stakeholder S1, noting: “What they now need to do in order to enter into the next phase is to really
work more independent, and share knowledge.”

Expect DI to be aware of data privacy and compliance (1). Stakeholder S7 highlighted the
importance of data privacy and compliance, where the participant expects the DI team to be aware
of: “And [expect them] proactively being aware of data privacy and other compliance things and
sharing them with us if they see something which is the case.”

Expect to influence cultural change (1). Stakeholder S1 highlighted that DI can and is expected to
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influence cultural change by the delivery of high quality data: “If you want to do a cultural change
as well that people start to trust data. Even if the data says something that is contradicting their
gut feeling, as long as data says the same that your gut feeling does, people are easy to follow data.
But the moment data tells you your gut feeling is wrong and you should do it differently. There is
where the cultural change comes into place, and this is where data integration from my standpoint,
plays a crucial role in introducing that by delivering a whole high quality of data.”

Table 7: Overview of expectations reported by stakeholders

Category Expectation Sub-expectations Freq

Communication between teams

Expect updates on planning

Expect updates on planning 11

Expect updates on changes in planning 4

Expect a clear planning 4

Expect updates on specific tickets 4

Expect clear communication

Expect a clear communication process 6

Expect frequent communication 4

Expect proactive communication 4

Expect open communication 2

Expect updates on data related changes 5

Expect communication about alerts 1

Expect updates on challenges 1

Data quality

Expect high quality data

Expect data to be accurate 6

Expect data to be reliable 5

Expect data to match the source data 5

Expect high quality data 4

Expect data to be up to date 3

Expect testing on data products
before releasing to production

Expect automated validation 1

Expect testing before releasing to production environment 1

Expect testing on data model 1

Expect maintenance of data products
Expect efficient maintenance of data products 1

Expect monitoring and alerts 1

Collaboration between teams

Expect structured collaboration
on data products

Expect input on data product improvements 3

Expect output to meet goals and strategies of department 3

Expect to collaborate on data model/set 2

Expect collaboration in creating daily data refresh 1

Expect collaboration in creating reporting table 1

Expect structured collaboration
between teams

Expect to collaboratively look for solutions 2

Expect collaboration between teams 1

Expect structured collaboration approach 1

Expect clear definitions of roles and responsibilities
of team members

1

Expect understanding of business
context around data products

Expect to understand the business 2

Expect to proactively ask questions about requirements 2

Expect to understand use cases 1

Expect documentation
Expect to have clear documentation of data platform for users 1

Expect to have documentation on definitions 1

Other

Expect knowledge sharing 2

Expect them to be aware of data
privacy and compliance

1

Expect to influence cultural change 1
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4.3 Mapping stakeholder expectations to DevOps practices

This section provides an overview of the mapping between expectations and DevOps practices.
Additionally, the expectations that could not be mapped are discussed.

Based on the fifteen identified stakeholder expectations (subsection 4.2) and the fourteen most
common DevOps practices from the research by Blinde [4, 28] (subsection 2.2), a mapping was
created between expectations for a DI team and DevOps practices. As only few expectations could
be mapped with the most common DevOps practices, two less common practices from the research
of Blinde [4] are introduced which are focused on collaboration.

• Practice 15. Use Agile and LEAN practices (e.g. sprint planning and requirements engi-
neering)

• Practice 16. Collaborate with stakeholders often and provide overall visibility into the
project

Table 8 displays the fifteen identified expectations on the y-axis and the DevOps practices on the
x-axis. Mappings between them are indicated with a cross.

4.3.1 Expected DevOps practices

Table 8 shows that out of the fifteen identified expectations, twelve could be mapped with the
DevOps practices. It also shows that out of the sixteen DevOps practices, nine applied to the
expectations. Below follows an elaboration of the DevOps practices and their mapped expectations:

Practice 2: Make small and continuous releases.
This practice involves making small and continuous releases. The expectation mapped to this
practice is ‘expect maintenance of data products’. Implementing this practice, ensures that the
application is kept up-to-date.

Practice 3: Developers get feedback based on releases.
This practice involves developers receiving feedback based on releases. Expectations mapped to
this practice include ‘expect structured collaboration on data products’ and ‘expect understanding
of business context around data products’. This practice allows stakeholders to provide feedback on
each release, fostering ongoing collaboration on data products. Furthermore, receiving feedback
from stakeholders helps developers to better align their work to meet the goals and strategies of
the department.

Practice 6: Integrated configuration management.
This practice involves integrated configuration management. The expectation mapped to this prac-
tice is ‘expect documentation’. By implementing this practice, the team can ensure the automatic
creation of team documentation with every change in the code base.

Practice 7: Automated and continuous testing in development and staging environments.
This practice ensures that data products are consistently validated in both development and staging
environments. The expectations mapped to this practice is ‘expect testing on data products before
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Table 8: A mapping of stakeholder expectations to DevOps practices from [4, 28].
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Expect updates on planning X X

Expect clear communication X X

Expect updates on data re-
lated changes

X X

Expect communication about
alerts

X X X

Expect updates on challenges X X

Expect high quality data

Expect testing on data products
before releasing to production

X X

Expect maintenance of data
products

X X X

Expect structured collaboration
on data products

X X

Expect structured collaboration
between teams

X X

Expect understanding of business
context around data products

X X X

Expect documentation X X

Expect knowledge sharing X X

Expect DI to be aware of
data privacy and compliance

Expect to influence cultural change

releasing to production’.

Practice 10: Automated and continuous monitoring of applications and resources.
This practice involves automated and continuous monitoring of applications and resources. Ex-
pectation mapped to this practice include ‘expect maintenance of data products’ and ‘expect
communication about alerts’. For maintenance of a data product, it is important to monitor the
application and resources involved. Additionally, monitoring is needed to receive automated alerts
when there are issues with the applications and resources involved.

Practice 11: Automated dashboards that include health checks and performance.
This practice involves automated dashboards that include health checks and performance. The
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expectation mapped to this practice is ‘expect maintenance of data products’. Dashboards provide
valuable insights into the performance and health of the data products.

Practice 14: Use Test driven Development where all code has unit tests.
This practice involves using Test Driven Development (TDD) where all code has unit tests. The
expectation mapped to this practice is ‘expect testing on data products before releasing to produc-
tion’. This practice ensures that each component of the data product is thoroughly tested before
release to production.

Practice 15: Use Agile and LEAN practices (e.g. sprint planning and requirements engineer-
ing).
This practice involves the use of Agile and LEAN practices. Expectations mapped to this practice
include ‘expect updates on planning’, ‘expect clear communication’, ‘expect updates on data related
changes’, ‘expect communication about alerts’, ‘expect updates on challenges’, ‘expect structured
collaboration between teams’, ‘expect understanding of business context around data products’,
‘expect documentation’, and ‘expect knowledge sharing’.

Practice 16: Collaborate with stakeholders often and provide overall visibility into the project.
This practice involves collaborating often with stakeholders and providing overall visibility into
the project. Expectations mapped to this practice include ‘expect updates on planning’, ‘expect
clear communication’, ‘expect updates on data related changes’, ‘expect communication about
alerts’, ‘expect updates on challenges’, ‘expect structured collaboration on data products’, ‘expect
structured collaboration between teams’, ‘expect understanding of business context around data
products’, and ‘expect knowledge sharing’.

4.3.2 Expectations beyond DevOps practices

Following the mapping, out of the fifteen expectations, three have not been mapped to any of the
DevOps practices.

• Expect high data quality. This expectation was not directly mapped with any of the DevOps
practices. Ensuring high data quality involves data checks and validations, which are not
directly covered by the DevOps practices.

• Expect DI to be aware of data privacy and compliance. This expectation was not directly
mapped with any of the DevOps practices. The DevOps practices do not explicitly cover
regulatory requirements and policy adherence related to data.

• Expect to influence cultural change. This expectation was not directly mapped with any of the
DevOps practices. Cultural change involves processes that go beyond the specific technical
and procedural practices covered by the DevOps practices.
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4.4 Guide for adopting DevOps practices in a data integration team

This guide aims to aid data integration teams in adopting DevOps practices. While DevOps is
primarily focused on traditional software development teams, non-traditional development teams,
such as data integration teams can also experience the benefits of adopting DevOps practices. By
implementing the DevOps practices discussed in this guide, a data integration team can meet
the most common stakeholder expectations and thus experience benefits from adopting DevOps
practices.

Figure 1: Visualization of the steps in the guide and the proposed DevOps practices

Step 1: Foster communication between teams

The most significant expectation from stakeholders was the need for communication between
teams. This includes having clear communication and providing the stakeholders with updates. For
a data integration team to meet the expectations, they should first implement the following two
DevOps practices:

• Use Agile and LEAN practices (e.g. sprint planning and requirements engineering)

• Collaborate with stakeholders often and provide overall visibility into the project

These two practices promote and enhance communication between teams.

Step 2: Foster collaboration between teams

The practices from step 1 provide the data integration team with the ability to meet the ex-
pectations of communication between team. Additionally, they encourage collaboration between
teams, which is another significant expectation from stakeholders. This includes the need for
structured collaboration on data products and the need for understanding of the business context
around data products. For a data integration team to further meet these expectations, they should
follow the first set of DevOps practices by the following:

• Developers get feedback based on releases.
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This practice ensures that data integration teams get feedback from stakeholders on releases. This
encourages collaboration on data products and for the data integration team to receive more
business context on data products.

Step 3: Provide testing and maintenance of data products

Another important aspect for stakeholders, is the quality of the data products. They expect
that the data integration team, tests the products before releasing them to production, and that
they are maintained. The following two practices should be implemented to ensure testing on the
data products before releasing to production:

• Automated and continuous testing in development and staging environment

• Use Test driven Development where all code has unit tests

The following three practices should then be implemented to ensure maintenance of the data
products:

• Make small and continuous releases

• Automated and continuous monitoring of applications and resources

• Automated dashboards that include health checks and performance

[optionally] Step 4: provide team documentation

The last expectation that is not yet covered by the previous steps is expect documentation,
specifically team documentation. By implementing the following practice, the team can automati-
cally ensure team documentation with every change in the code base:

• Integrated configuration management

Assess the Applicability for Your Data Integration Team

To determine how applicable this guide is for your data integration team, a few steps need
to be taken beforehand.

1. List all activities of the data integration team.
One can list all activities of the team either by observing the team, by interviewing the team,
or by doing workshops with the team.

2. Determine the current adopted DevOps practices.
The next step is to determine which DevOps practices the team currently implemented. This
can be achieved by mapping the team’s activities to DevOps practices.
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3. Collect feedback from stakeholders.
By collecting feedback from stakeholders on the current performance of the team, gaps can
be identified on the categories of the expectations covered in this guide.

4. Determine the gaps.
Based on the feedback, determine which expectations the team still needs to meet. Assess
whether the team implemented the DevOps practices of this expectation. If they still need to
implement practices, this guide is applicable.

By following these steps, you can measure how well this guide fits your data integration team’s
needs and identify areas for improvement.
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5 Demonstration

This chapter outlines the demonstration of the guide. subsection 5.1 shows the 48 identified
activities currently used by the DI team. subsection 5.2 discusses the DevOps practices that are
currently implemented by the team. subsection 5.3 addresses the gaps between the DI team’s
current implemented practices and expected practices from the guide.

5.1 Activities of a data integration team

To demonstrate the designed guide, five team members of the data integration team were in-
terviewed to investigate which DevOps practices they implemented and whether their activities
include practices that are not part of DevOps but specific to data integration (Table 9). Due to
circumstances the manager of the team could not be interviewed.

Table 9: Role of the team members and their years of experience with DevOps

ID Role Experience with DevOps

T1 Data engineer 5 years

T2 Data engineer 5 years

T3 Data engineer 10 years

T4 Data architect 8 years

T5 Data engineer 5 years

This research identified 48 activities that the DI team reported to incorporate in their current way
of working, an overview is shown in Table 10. Out of the 48 activities, eleven were categorized as
data specific activities. The other 37 were categorized into Team working (9 activities), Testing (7),
Monitoring (7), Development (6), Stakeholder Engagement (5), and Automation (3).

• Data specific (11). The data specific activities entail reported activities that are used around
data. This includes data checks and validations, updating and deploying seed files, automated
data refreshing and ingestion, data processing pipeline and data modeling standardization.

• Team working (9). The team working activities entail activities which allow the DI team
to work together. This includes reported team meetings such as sprint reviews, daily check,
retrospective meetings, and demo sessions; reported knowledge sharing activities such as user
and team documentation and architecture and design discussions; 2 week sprints; and pair
programming.

• Testing (7). The testing activities entail reported activities around testing of the data products.
This includes unit testing, automated tests on code and validation, system integration testing,
development environment testing, stakeholder validation, and user acceptance testing.
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• Monitoring (7). The monitoring activities entail reported activities around monitoring of the
data products. This includes event monitoring activities such as cluster logging, alerts, and
notifications on issues. Additionally, it includes performance monitoring activities such as the
use of workflow dashboards and progress monitoring.

• Development (6). The development activities entail reported activities around the development
process of the data products. This includes activities such as the use of repositories and
version control, code reviews, pull requests, peer reviews on pull requests, and user stories.

• Stakeholder Engagement (5). The stakeholder engagement activities entail reported activities
that the DI teams does together with the stakeholder. This includes regular meetings such
as biweekly alignment sessions, weekly meeting, and weekly Scrum of Scrums. Additionally,
these activities encompass workshops and ticket registration.

• Automation (3). Automation refers to reported activities that do not require manual control
and rely on the use of pipelines.

Table 10: A list of activities reported by the interviewed DI team.

Category Activity Freq

Data specific

Data quality checks 3

Automated data refreshing 2

Post-transformation data validation 1

Basic Null and integrity checks 1

Consistency checks 1

Source validation 1

Relational and primary key validation 1

Automated data ingestion 1

Data modeling standardization 1

Data processing pipeline 1

Updating and Deploying Seed Files 1

Team working

Demo sessions 4

User documentation 4

Team documentation 4

2 week sprints 3

Sprint reviews 2

Daily check 1

Retrospective meetings 1

Pair programming 1

Architecture and design discussions 1

Testing

Development environment testing 3

Stakeholder validation 3

Unit testing 2

Automated tests on code 1

Automated validation 1

System integration testing 1

User acceptance testing 1

Category Activity Freq

Monitoring

Automated Notification on Issues 2

Failed test alerts 1

Automated alerts 1

Failing pipeline alerts 1

Cluster logging 1

Workflow dashboards 1

Progress monitoring 1

Development

Version control 4

Pull requests 3

Peer reviews on pull requests 3

User stories 2

Code review 1

Repositories 1

Stakeholder Engagement

Biweekly alignment sessions 2

Weekly meeting 1

Weekly Scrum of Scrums 1

Workshops 1

Ticket registration 1

Automation

Testing pipeline 2

Development pipeline 1

Automated deployment pipeline 1
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5.2 Mapping DI activities to DevOps practices

This section outlines which DevOps practices are implemented by the data integration team based
on the identified activities. Additionally, the activities that could not be mapped with DevOps
practices are discussed.

5.2.1 DevOps practices of the DI team

Out of the sixteen DevOps practices, thirteen were mapped with the activities of the DI team, see
section B for the mapping of activities to DevOps practices. This subsection will discuss which
activities are mapped to the DevOps practices and assess whether the team has fully implemented
these practices. Table 11 shows an overview of the mapped practices and their implementation by
the team. Below follows an elaboration of the DevOps practices and their mapped activities:

Table 11: Overview of the implementation of DevOps practices from [4, 28].

# Practice Implemented

1 Automated and continuous deployment throughout entire pipeline Partially implemented

2 Make small and continuous releases Not defined

3 Developers get feedback based on releases Implemented

4 Create development sandboxes for minimum code deployment Implemented

5 Everything is stored as code and under version control Implemented

6 Integrated configuration management Partially implemented

7 Automated and continuous testing in development and staging environments Implemented

8 Reduce the time it takes to test, validate and QA code Implemented

9 Code reviews are change based Implemented

10 Automated and continuous monitoring of applications and resources Implemented

11 Automated dashboards that include health checks and performance Implemented

12 Support configurable logging that can optionally be turned on/off as needed Not defined

13 Use trunk-based development over long-lived feature branches Not defined

14 Use Test driven Development where all code has unit tests Implemented

15 Use Agile and LEAN practices (e.g. sprint planning and requirements engineering) Implemented

16 Collaborate with stakeholders often and provide overall visibility into the project Partially implemented

Practice 1: Automated and continuous deployment throughout entire pipeline.
This practice involves automated and continuous deployment throughout the entire pipeline. The
activities mapped to this practice are ‘updating and deploying seed files,’ which is partly manual
since the updating part remains manual. While deploying seed files is integrated into the deployment
pipeline, updating these seed files remains a manual process. As team member T3 stated, ‘Our
deployment automation isn’t complete. Things like updating seed files for configuration and deploying,
that’s also manual work.’
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Additionally, ‘Automated deployment pipeline,’ which is still not fully automated as deployments
must be triggered manually. Team member T3 stated, ‘The current deployments are triggered
manually, so there are no continuous deployments.’ Aside from updating seed files, four out of
five DI team members indicated that their deployment pipeline is not fully automated, as it still
requires a manual trigger. Therefore, while elements of the practice are in place, the lack of full
automation indicates that the practice is not fully implemented.

Practice 3: Developers get feedback based on releases.
This practice involves developers receiving feedback based on releases. The activities mapped to
this practice include ‘stakeholder validation,’ ‘user acceptance testing,’ and ‘demo sessions.’ These
activities provide structured opportunities for stakeholders and users (the stakeholders in this case)
to review and provide feedback on the software. As these activities ensure feedback on releases, it
is assumed that this practice is implemented.

Practice 4: Create development sandboxes for minimum code deployment.
This practice involves creating development sandboxes for minimum code deployment. The activity
mapped to this practice is ‘development environment testing.’ By setting up development sandboxes,
the team can test code changes in isolated environments before integrating them into the main
codebase. This allows for thorough testing and validation. If the development environment testing
is conducted in these sandboxes, it indicates that the practice is implemented. However, based on
the interviews, it is not sure if the development environments are isolated sandboxes. Nevertheless,
this research assumes that the team did implement this practice.

Practice 5: Everything is stored as code and under version control.
This practice involves storing everything as code and under version control. The activities mapped
to this practice are ‘repositories’ and ‘version control.’ Repositories are used to store code and
configuration files, ensuring that all changes are tracked and managed systematically. Version
control systems, on the other hand, maintain a history of changes, allowing teams to manage
different versions of code and collaborate effectively. As both activities are applied by the team, it
is assumed that this practice is implemented.

Practice 6: Integrated configuration management.
This practice involves integrated configuration management. The activities mapped to this practice
include ‘team documentation,’ ‘cluster logging,’ ‘repositories,’ ‘version control,’ and ‘pull requests.’
Team documentation ensures that configuration changes are documented within the team. Cluster
logging provides insights into the performance and configuration of clusters, which is needed for man-
aging configurations. Repositories and version control help in managing and tracking configuration
files. Pull requests are used to review and integrate configuration changes. As this research does not
contain a formal definition for this practice, it is not clear whether this practice is fully implemented.

Practice 7: Automated and continuous testing in development and staging environments.
This practice involves automated and continuous testing in development and staging environments.
The activities mapped to this practice include ‘unit testing,’ ‘automated tests on code,’ ‘automated
validation,’ and ‘system integration testing.’ Unit testing focuses on verifying individual components
of the code to ensure they work correctly. Automated tests on code run tests automatically as code
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changes. Automated validation ensures that the code meets predefined requirements and standards
continuously. System integration testing verifies that different systems work together. As all of
the applied activities include the main component of this practice, this research assumes that this
practice is implemented.

Practice 8: Reduce the time it takes to test, validate and QA code.
This practice involves reducing the time it takes to test, validate, and quality assure code. The
activities mapped to this practice are ‘development pipelines’ and ‘testing pipelines.’ Development
pipelines automate the process of integrating and testing code changes, ensuring that these processes
are performed quickly. Testing pipelines focus on running automated tests, ensuring that code
quality is validated in quickly. By applying these pipelines, the time required for testing, validation,
and quality assurance is minimized. As the team applied these activities, it is assumed that this
practice is implemented.

Practice 9: Code reviews are change based.
This practice involves having change-based code reviews. The activities mapped to this practice
include ‘code review’ and ‘peer review on pull requests.’ Code reviews involve reviewing code
changes. Peer reviews on pull requests also involve reviewing and providing feedback on proposed
changes before they are merged into the main codebase. Both of these activities are based on
change-based code reviews, thus it is assumed that this practice is implemented.

Practice 10: Automated and continuous monitoring of applications and resources.
This practice involves automated and continuous monitoring of applications and resources. The
activities mapped to this practice include ‘cluster logging,’ ‘failed test alerts,’ ‘automated alerts,’
‘failing pipeline alerts,’ and ‘automated notifications on issues.’ Cluster logging continuously monitors
the performance of application clusters. Failed test alerts notify the team of issues detected during
automated testing. Automated alerts and failing pipeline alerts notify the team members of any
critical issues or failures in the deployment process. Automated notifications on issues ensure that
team members are notified automatically when issues occur. These activities ensure automated and
continuous monitoring of applications and resources, thus it is assumed this practice is implemented.

Practice 11: Automated dashboards that include health checks and performance.
This practice involves automated dashboards that include health checks and performance. The
activities mapped to this practice are ‘workflow dashboards’ and ‘progress monitoring.’ Workflow
dashboards provide a visual representation of how workflows are performing including health checks.
Progress monitoring involves monitoring tasks, giving insights into performance and potential issues.
It is assumed that by this practice is implemented by the use of these activities.

Practice 14: Use Test driven Development where all code has unit tests.
This practice involves using Test Driven Development (TDD) where all code has unit tests. The
activity mapped to this practice is ‘unit testing.’ However, based on the interviews, it is not clear
whether unit testing is performed on all code. Nevertheless, this research assumes that this practice
is implemented.

Practice 15: Use Agile and LEAN practices (e.g. sprint planning and requirements engineer-

26



ing).
This practice involves the use of Agile and LEAN practices. The activities mapped to this practice
include ‘sprint reviews,’ ‘daily check,’ ‘retrospective meetings,’ ‘demo sessions,’ ‘pair programming,’
‘2-week sprints,’ ‘architecture and design discussions,’ ‘user documentation,’ ‘team documentation,’
‘biweekly alignment sessions,’ ‘weekly scrum of scrums,’ ‘workshops,’ and ‘ticket registration.’ Scrum,
an Agile framework, includes 2 week sprints, where each sprint contains regular meetings. These
regular meetings are daily (daily check), weekly (weekly scrum of scrums), and biweekly (sprint
reviews or demo sessions, retrospective meetings, biweekly alignment session). Furthermore, pair
programming, documentation, workshops, and ticket registration are in line with Agile and LEAN
principles. As both Agile and LEAN practices are applied, it is assumed that this practice is
implemented.

Practice 16: Collaborate with stakeholders often and provide overall visibility into the project.
This practice involves collaborating often with stakeholders and providing overall visibility into the
project. The activities mapped to this practice include ‘sprint reviews,’ ‘demo sessions,’ ‘biweekly
alignment sessions,’ ‘weekly meetings,’ and ‘weekly scrum of scrums.’ Sprint reviews are held at
the end of each sprint, where the team can demonstrate their product to the stakeholders which is
essentially a demo session. Biweekly alignment sessions are sessions with different teams, or depart-
ments to align on tasks. Weekly meetings provide frequent communication with the stakeholders.
Weekly scrum of scrums are for large projects which involve multiple scrum teams to ensure that all
teams are aware of the progress. However, based on the interviews it did not become clear whether
these activities include all different stakeholder teams, if they occur often, and if overall visibility
into the project is provided. Based on this, this research can not assume that this practice is fully
implemented.

5.2.2 Activities beyond DevOps practices

Ten out of the 48 activities could not be mapped with any of the DevOps practices. These
unmapped activities are primarily data-specific. Since DevOps practices are mainly focused on
software development and deployment, they do not include activities related specifically to data,
which lies outside the scope of software development processes.

• Data checks and validations. The activities involving data checks and validations could not be
mapped to any of the DevOps practices. The DevOps practices do include testing, however as
they are focused on software testing they do not explicitly cover data checks and validations.

• Automated data refreshing and ingestion. Automated data refreshing and automated data
ingestion could not be mapped to any of the DevOps practices. These activities are focused
on ensuring that the data is up to date and collected, which does not align with the DevOps
practices.

• Data modeling standardization. This is a specific data activity which includes creating
consistent, uniform data models. The DevOps pracices do not include specific data modeling
activities.

• Data processing pipeline. A data processing pipeline involves automated processing and
transforming of data. It does not directly map to the DevOps practices as there are no specific
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practices involved in processing and transforming data.

5.3 Gaps between team practices and expected practices

Table 12: Overview of the implementation of expected DevOps practices from [4, 28].

# Practice Implemented Expected

1 Automated and continuous deployment throughout entire pipeline Partially No

2 Make small and continuous releases Not defined Yes

3 Developers get feedback based on releases Yes Yes

4 Create development sandboxes for minimum code deployment Yes No

5 Everything is stored as code and under version control Yes No

6 Integrated configuration management Partially Yes

7 Automated and continuous testing in development and staging environments Yes Yes

8 Reduce the time it takes to test, validate and QA code Yes No

9 Code reviews are change based Yes No

10 Automated and continuous monitoring of applications and resources Yes Yes

11 Automated dashboards that include health checks and performance Yes Yes

12 Support configurable logging that can optionally be turned on/off as needed Not defined No

13 Use trunk-based development over long-lived feature branches Not defined No

14 Use Test driven Development where all code has unit tests Yes Yes

15 Use Agile and LEAN practices (e.g. sprint planning and requirements engineering) Yes Yes

16 Collaborate with stakeholders often and provide overall visibility into the project Partially Yes

This section discusses the gaps between the expected DevOps practices (subsection 4.3), and the
currently implemented DevOps practices (subsection 5.2).

5.3.1 Demonstrating the guide

Table 12 shows an overview of the DevOps practices, whether they are implemented by the team,
and whether they are expected based on the expectations in the guide. Out of nine expected
DevOps practices covered in the guide, the team implemented six fully, two partially, and of one it
is not defined whether they have implemented it. Below follows a discussion and solution of the
gaps by walking through the designed guide:

Step 1: Foster communication between teams
The following practices are encouraged by the guide to foster communication between teams: 1)
Use Agile and LEAN practices (e.g. sprint planning and requirements engineering), 2) Collaborate
with stakeholders often and provide overall visibility into the project.
This data integration team, implemented the first one, Use Agile and LEAN practices’. However,
they only partially implemented the second, Collaborate with stakeholders often and provide overall
visibility into the project’. This could indicate the existence of issues in the communication between
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teams. The guide would advice the data integration team to first focus on fully implementing the
second practice.

Step 2: Foster collaboration between teams
The previous practices already encourage collaboration between teams, however to further meet
these expectations, the guide encourages the following practice: Developers get feedback based on
releases. This research shows that the data integration team already implemented this practice,
meaning that they do not need to change this.

Step 3: Provide testing and maintenance of data products
The following two practices are encouraged by the guide to ensure testing on the data products
before releasing to production: 1) Automated and continuous testing in development and staging
environment, 2) Use Test driven Development where all code has unit tests.
This research shows that the data integration team already implemented both of these practices.

Furthermore, the following three practices are encouraged by the guide to ensure maintenance of
the data products: 1) Make small and continuous releases, 2) Automated and continuous monitoring
of applications and resources, 3) Automated dashboards that include health checks and performance.

The last two practices are already implemented by team, both including monitoring activities.
However, the first practice Make small and continuous releases’, is not defined whether they have
implemented it as there were no activities identified around this practice. This guide would advice
the team to focus on implementing this practice, if it is not implemented already.

[optionally] Step 4: provide team documentation
Optionally, the guide encourages the implementation of the following practice to ensure team
documentation: Integrated configuration management.

This research shows that the data integration team implemented this practice partially which could
indicate that the team lacks team documentation. To ensure team documentation, the guide would
advice the team to focus on fully implementing this practice.

5.3.2 Unexpected practices

Now that the gaps between expected practices and implemented practices is discussed, the un-
expected but implemented practices will be explored. There are four practices are implemented
fully and one partially which are not encouraged or expected by the guide. This concerns practices
that are about the way in which there is developed. These practices relate to automation and the
development process, including the following:

• Practice 1: Automated and continuous deployment throughout entire pipeline.

• Practice 4: Create development sandboxes for minimum code deployment.

• Practice 5: Everything is stored as code and under version control.

• Practice 8: Reduce the time it takes to test, validate and QA code.
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• Practice 9: Code reviews are change based.
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6 Discussion

This research aimed to design a guide for adopting DevOps practices in a data integration team.
The guide for adopting DevOps practices in a data integration team was based on a mapping of
expectations to DevOps practices. It guides a data integration team into implementing DevOps
practices based on the expectations of stakeholders. To demonstrate the guide, this research
assessed the implemented practices and the expected practices from the guide. The development
and demonstration of the guide were achieved by answering the following research questions:

1. What are the requirements for a data integration team?
This research identified fifteen expectations of stakeholders for the data integration team.
These expectations indicate the key requirements for a DI team. Mapping these expectations
to sixteen DevOps practices from [4, 28], formed the foundation of the guide for adopting
DevOps practices in a data integration team. This mapping showed that twelve of the fifteen
expectations could be mapped to DevOps practices. Out of the three that could not be
mapped, two were related to data management: ’expect high data quality’ and ’expect them
to be aware of data privacy and compliance.’ The remaining one was ’expect to influence
cultural change.’

2. Which DevOps practices are currently adopted in a specific data integration team?
This research identified 48 activities of the data integration team. By mapping the activities
to DevOps practices, this research found which practices are currently implemented in the
data integration team. Out of the sixteen DevOps practices, ten were implemented by the
team, three were partially implemented, and three were not implemented. Furthermore, it
showed that the activities on data management could not be mapped to DevOps practices
and that the team implemented DevOps practices that are not expected by the guide.

6.1 Key Findings

6.1.1 Stakeholder expectations and Agile methodologies

This research identified expectations of stakeholders of a data integration team. Most of the
identified expectations were on communication and collaboration between the data integration
team and the stakeholder teams. As discussed in subsubsection 2.1.1, communication, collaboration,
and team working is one of the eight components of DevOps. The emphasis on this component
within DevOps directly stems from agile methodologies, which are known for the ability to adapt
to changing requirements and delivering incremental value through iterative development cycles
[7]. Agile frameworks, such as Scrum highlight the importance of collaboration between team
members and with stakeholders [33]. Consequently, the guide shows that most of the expectations
on communication and collaboration can be achieved by implementing agile practices. Since most
expectations could be met by implementing agile practices, it could suggests that agile practices
are what the stakeholders seek and not a full DevOps adoption.

6.1.2 Data management gap in DevOps

Despite that this research has shown that most activities of a data integration team could be
mapped with DevOps practices, a gap in activities and DevOps practices came to light: the activities
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around data management could not be mapped to DevOps practices. The same gap came to light
with the expectations of the stakeholders. Their expectations around data management could not
be mapped to DevOps practices. These gaps align with [32] and [26], who mention the misalign-
ment of DevOps with data management practices. While DevOps practices can be applied to the
infrastructure activities and operational collaboration of a data integration team, they fail to meet
the needs of data management within a data integration team, which encompass their main activities.

As the guide is only focused on the implementation of DevOps practices for data integration
teams, it is missing expectations and activities for data management. Therefore, to fully support
data integration teams, the guide should not be used on it self. Could combining the guide with
DataOps practices address this gap?

6.1.3 Including data management with DataOps

As discussed in subsection 2.3, DataOps incorporates components of DevOps, such as automation,
quality assurance, and collaboration but it also covers data management activities. Unlike DevOps,
which primarily focuses on software development and IT operations, DataOps is tailored to address
the unique challenges of managing and processing data. Since DataOps is in line with DevOps
while including practices on data management, the guide could be combined with these practices
to fulfill the previously discussed gap.

[27] states that DataOps is a general process aimed to shorten the end-to-end data analytic
life-cycle time by introducing automation in the data collection, validation, and verification process.
It also emphasizes the importance of collaboration between different teams within a data depart-
ment and the active involvement of all teams in gathering business requirements. Looking back
at the expectations reported by stakeholders, expectations on collaboration and communication
between teams (within the data department) was reported most, this aligns with the importance of
collaboration within DataOps. Both the covering of data management activities and the importance
of collaboration within DataOps, indicate that DataOps might be a more suitable approach for
data integration teams.

6.1.4 Expanding the guide

This demonstration of the guide showed that there are practices implemented by the data integration
team that are not part of the guide. This is due to the foundation of the guide. The guide is based
on the mapping of expectations and DevOps practices which makes it only focused on providing
practices that have added value to the stakeholders of a data integration team. Which is in line
with the question from practice, whether DevOps can address and fulfill specific expectations for a
data integration team. Nevertheless, the guide could be expanded with practices that have added
value for the data integration team itself. For instance, practices related to automation in the
development process were identified to be implemented but not captured by the mapping between
expectations and DevOps practices.

Expanding the guide would involve identifying practices that are valuable for the team. This
can be achieved by conducting further research, including additional interviews with the data
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integration team to identify their needs. These needs can then be mapped with DevOps practices
which can help expand the guide with practices based on these needs, making it more beneficial for
both the stakeholders and the team itself.

6.2 Future work

This study suggests several recommendations for future work. As mentioned, the guide covers the
DevOps practices beneficial for the stakeholders’ expectations. Future work could identify the needs
of a data integration team and expand the guide with DevOps practices beneficial for these needs.
Furthermore, the research showed a misalignment between DevOps practices and the specific data
management activities of a data integration team. Future work could research which DataOps
practices, which covers elements of DevOps and data management activities, could be applied to
data integration teams alongside the guide. Additionally, future work could also research whether
DataOps is a better fit for data integration teams overall.

6.3 Limitations

While this research successfully designed and evaluated an guide, several limitations should be
acknowledged. These limitations mainly arise due to the constrained methodological choices caused
by limited time and resources available for this research.

First, this study was conducted within a single case organization. Which involved interviews
with only one data integration team and eight of their stakeholders. Due to this limited scope, the
generalizeability of the findings to other organizations or teams is restricted.

Second, the interviews conducted with the DI team to identify activities may not have cap-
tured all activities that are currently being used. Additionally, the reported activities may not be
fully or accurately applied.

Third, the interviews with stakeholders were based on individual perceptions, which can be
biased by personal relationships with the DI team. To limit this bias, at least one representative of
each different stakeholder team was interviewed.

Fourth, due to the limited time for this research, the guide was not evaluated externally or
implemented in practice. Therefor, the effects of the guide could not be measured and the guide
could not be adapted based on practitioners feedback.

Due to the specificity of the case study, the findings of this research cannot be generalized
to all data integration teams. They are more applicable within the context of the case organization.

Despite these limitations, this research provides insights which can contribute to a deeper under-
standing of the impact of DevOps practices and its limitations in data integration teams, both for
further studies and organizations.
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7 Conclusion

This study examined a data integration team within an e-commerce company of a global manufac-
turer, aiming to design a guide for adopting DevOps practices in a data integration team. Even
though DevOps practices are primarily focused on bridging the gap of development and operations
within traditional development teams, non-traditional teams, such as data integration teams, might
also experience benefits from adopting DevOps practices. However, emperical evidence on the
adoption of DevOps practices within a data integration team could not be found. By mapping
expectations for a data integration team to DevOps practices, this study has designed a guide for
adopting DevOps practices in a data integration team. This guide was designed based on a question
from practice of whether DevOps practices can effectively fulfill specific expectations for a data
integration team.

To design the guide, this research started with identifying expectations from stakeholders of
the data integration team. Fifteen expectations were identified and mapped to sixteen DevOps
practices. This revealed that while twelve expectations could be aligned with DevOps practices,
three expectations could not, including the expectations on data management. Further research
into the current practices of a data integration team showed that out of sixteen DevOps practices,
ten were fully implemented, three were partially implemented, and three were not implemented at
all. Notably, activities related to data management did not align with existing DevOps practices,
highlighting a gap. The study also found that many of the stakeholder expectations were on
communication and collaboration which can be achieved by implementing agile practices. This
finding suggests that agile practices might be sufficient to meet many of the expectations without
requiring a full DevOps adoption.

While the guide covers most expectations and activities of a data integration team, two limitations
came to light. First, the expectations and activities around data management could not be mapped
to DevOps practices. This shows the misalignment of DevOps practices and data management
activities which align with existing literature that mention the misalignment of DevOps with data
management practices. This research looked into DataOps practices to potentially bridge this gap.
DataOps incorporates components of DevOps, such as automation, quality assurance, and collabora-
tion but it also covers data management activities. This makes its practices a promising addition to
the guide. Thus, data integration team should use this guide to meet stakeholder expectations, but
might also need to implement DataOps practices which do cover data management activities. Second,
not all practices implemented by the team were covered by the guide, indicating that guide might
not align with needs of the data integration team. By understanding the specific needs of a data in-
tegration team, this guide can be expanded by additional practices that directly address those needs.

This research concludes that implementing DevOps practices can help data integration teams
in fulfilling stakeholders’ expectations. However it also raises the question of whether DataOps is
more suitable for the data management activities of a data integration team.
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A Interview Guide Stakeholders

Interview Questions Clients

Introduction

Thank you for joining me today. I’m conducting research for my Bachelor’s thesis in Computer
Science & Economics about the working method of a data integration team. The goal is to enhance
data integration team practices based on stakeholder perspectives. Today, I’m interested in gathering
your insights on collaboration and expectations related to data integration teams.

I would like to remind you that your participation is confidential, and all information shared
will be anonymised for research purposes.

Thank you for your participation. Let’s begin the interview.

Background

• Could you introduce yourself?

• Could you describe the role of your team within the organization?

• Could you describe your role towards the data integration team?

• How long have you been working with data integration teams?

Topic

• Collaboration with data integration

– Could you describe how your teams collaborates with the data integration team?

∗ What is the output your team receives from the data integration team?

∗ What is the input your team delivers to the data integration team?

∗ What do you do with the output that the data integration team delivers?

∗ Could you describe how you communicate with the data integration team?

• Expectations of data integration

– What are your expectations regarding communication with the data integration team?

– What are your expectations regarding collaboration with the data integration team?

– What do you expect regarding quality of the output?

• Current perception of expectations

– What is your current perception of the communication with the data integration team?

– What is your current perception of the collaboration with the data integration team?

– What is your current perception of the quality of the output?
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• Expectation of data integration teams outside of the current organization

– Based on experiences prior to this organization, what would other expectations be for a
data integration team?

– Do you have any other comments/remarks/questions?

39



B Interview Guide Team

Interview Questions Team

Background

• Could you describe your role within the data integration team?

• How much experience do you have with DevOps?

• Could you elaborate on what your experiences with DevOps are?

Topic

• Development & Operations

– Could you describe what can be seen as development and operations within your team?

– Could you describe what your role is in development and operations within your team?

– Could you elaborate on how development and operations work together within your
team?

• Continuous integration & Continuous deployment

– Could you elaborate on which activities your team uses for continuous integration?

– Could you elaborate on which activities your team uses for continuous deployment?

– Could you elaborate on which activities your team uses for automation?

– Could you elaborate on which activities your team uses for quality assurance?

• Communication, Collaboration, Team working

– Could you elaborate on which Agile and/or LEAN activities your team uses?

– Could you elaborate on which activities your team uses to promote communication
among team members?

– Could you elaborate on which activities your team uses to promote collaboration among
team members?

– Could you elaborate on which activities your team uses to promote communication
among other departments or teams?
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– Could you elaborate on which activities your team uses to promote collaboration among
other departments or teams?

– Could you elaborate on which activities your team uses to ensure effective team-working?

– Could you elaborate on which activities your team uses to promote knowledge sharing?
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C Mapping Activities and DevOps practices

A mapping of activities reported by the DI team to DevOps practices from [4, 28].
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Relational and primary key validation

Post-transformation data validation

Basic Null and integrity checks

Consistency checks

source validation

Data quality checks

Automated data refreshing

Automated data ingestion

Data modeling standardization

Data processing pipeline

Updating and deploying seed files M

Sprint reviews X X

Daily check X

Retrospective meetings X

Demo sessions X X X

Pair programming X

2 week sprints X

Architecture and design discussions X

User documentation X

Team documentation X X

Unit testing X X

Automated tests on code X

Automated validation X

System integration testing X

Development environment testing X

Stakeholder validation X

User acceptance testing X

Cluster logging X X

Failed test alerts X

Automated alerts X

Failing pipeline alerts X

Automated Notification on Issues X

Workflow dashboards X

Progress monitoring X

Repositories X X

Version Control X X

Code review X

Pull requests X

Peer reviews on pull requests X

User stories

Biweekly Alignment sessions X X

Weekly meeting X

Weekly Scrum of Scrums X X

Workshops X

Ticket registration X

Automated deployment pipeline M

Development pipelines X

Testing pipelines X
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