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ABSTRACT

Context: DevOps responds to the growing need of companies to streamline the software development process
and thus has experienced widespread adoption in the past few years. However, the successful adoption of
DevOps requires companies to address important cultural and organizational changes. Nevertheless, it is crucial
to recognize that various DevOps taxonomies exist, both from academic and practitioner perspectives, which
may lead to misleading or failed adoption of DevOps.

Objective: This paper presents empirical research on the structure of DevOps teams in software-producing
organizations. The goal is to better understand the organizational structure and characteristics of teams
adopting DevOps by harmonizing the existing knowledge.

Methods: To achieve this, we employed a grounded theory approach with collaborative coding, involving two
research groups. Inter-Coder Agreement (ICA) was utilized to guide the discussion rounds. We conducted a
comprehensive analysis of existing studies on DevOps teams and taxonomies to gain a deeper understanding
of the subject.

Results: From the analysis, we built a substantive and analytic theory of DevOps taxonomies. The theory is
substantive in that the scope of validity refers to the ten secondary studies processed and analytic in that it
analyzes “what is” rather than explaining causality or attempting predictive generalizations. A public repository
with all the data related to the products resulting from the analysis and generation of the theory is available.
Conclusions: We built a theory on DevOps taxonomies and tested whether it harmonizes the existing
taxonomies, i.e., whether our theory can instantiate the others. This is the first step to define which
taxonomies are best suited to approach DevOps culture and practices according to the companies’ objectives
and capabilities.

Editor’s note: Open Science material was validated by the Journal of Systems and Software Open Science Board.

1. Introduction

Investment for DevOps implementation and adoption has grown in
the last years, and most surveys show DevOps on the rise. In fact, the

DevOps is an organizational transformation originating at the 2008
Agile Conference in Toronto, where P. Debois highlighted the need
to resolve the conflict between the development and operation teams
when they had to collaborate to provide quick response time to cus-
tomer demands (Debois, 2008). In today’s highly fast-paced and ever-
changing workplace, DevOps culture and practices have been con-
solidating as an approach to respond to the growing need among
companies to streamline and automate continuous delivery of new soft-
ware versions while guaranteeing their correctness and reliability (Diaz
et al., 2021).

* Editor: Alexander Serebrenik.
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global DevOps market has an annual growth rate (CAGR) of almost
20%—-25% until 2030 (2020 DevOps Trends Survey, 2020). However,
successful DevOps adoption requires a deep cultural and organizational
change in IT departments of companies. Organizations have difficulty
defining a DevOps adoption strategy and establishing successful team
structures, which brings negative consequences: Firstly, organizations
may face difficulties in designing their team structures to achieve con-
tinuous delivery, which leads to confusion and uncertainty about the
appropriate steps to take (Leite et al., 2021). Secondly, organizations
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may not fully comprehend the implications of their chosen structure,
which may impact software delivery performance (Lopez-Fernandez
et al., 2021).

Understanding the organizational structure and characteristics of
teams adopting DevOps is key to establish a successful adoption strat-
egy and performance. Thus, comprehending the existing theories and
representations of team taxonomies is critical to guiding companies in
a more systematic and structured DevOps adoption process.

Several authors have attempted to describe one or several team
structures and how their characteristics impact the software delivery
performance (Leite et al., 2021; Lopez-Ferndndez et al., 2021; Shahin
et al., 2017; Nybom et al., 2016a; Macarthy and Bass, 2020; Luz et al.,
2019; Puppet and CircleCI, 2021). However, these works do not adopt
a shared vocabulary or concepts to describe each team structure. Thus,
the literature presents a considerable amount of empirical research
from data collected from a large number of organizations (of different
sizes, businesses, and contexts), but there is no subsequent analysis to
extract common understanding in order to (i) synthesize knowledge for
practitioners and (ii) update the state-of-the-art for researchers.

This paper introduces innovative empirical research on the con-
figuration of DevOps teams within software-producing organizations,
specifically examining how these organizations structure their devel-
opment and infrastructure/operation teams to embrace DevOps culture
and practices. The primary aim is to gain a deeper comprehension
of the organizational setup and team attributes within the scope of
DevOps adoption, by synthesizing existing knowledge. In pursuit of
this objective, the study delves into the core principles and defining
characteristics that delineate the structures of DevOps teams. Addition-
ally, it explores the intricate connections among these principles and
attributes. To achieve this, the qualitative nature of the research led
to the application of Grounded Theory (GT) (Glaser and Strauss, 1967;
Charmaz, 2014) as the chosen research methodology. This approach
played a pivotal role in harmonizing diverse DevOps taxonomies, a
feat accomplished through meticulous curation and analysis of existing
literature pertaining to DevOps teams and their respective taxonomies.

GT involves one or more human analysts reading textual data
(e.g., interview transcripts, documents, emails, discussion forum posts,
field notes), interpreting and labeling these data (coding), recording
their thoughts in notes called memos, organizing the data, labeling
them into categories, and constantly comparing and reorganizing these
categories until a mature or saturated theory emerges (Stol et al., 2016).
Although GT has been mainly used to analyze primary or field data, GT
has also being widely adopted for systematic analysis of secondary data
such as academic papers and grey literature (Wolfswinkel et al., 2013).
In fact, Glaser & Strauss is their seminal work (Glaser and Strauss,
1967) state that field data, historical documents, and other library
materials lend themselves wonderfully to the comparative method,
which is key in GT. Furthermore, analytical techniques pioneered in
the GT literature, such as open/initial, selective/focused, axial, and
theoretical coding (Stol et al., 2016) may involve multiple researchers
to capitalize on the potential benefits of collaborative data analysis (Hall
et al., 2005; Guest and MacQueen, 2008; Cornish et al., 2014), i.e., “the
processes in which there is joint focus and dialogue among two or more
researchers regarding a shared body of data to produce an agreed interpre-
tation (Cornish et al., 2014). A shared understanding of the phenomenon
being studied (Saldana, 2012)”.

In this research, we applied a novel GT process (Diaz et al., 2023)
that extends the Charmaz GT variant to allow multiple researchers to
participate in the coding process (collaborative coding). It is a way of
juxtaposing and integrating multiple interdisciplinary and international
perspectives (Cornish et al., 2014), so as to to counteract individual
biases (Olson et al.,, 2016) and enhance/increase credibility (Olson
et al., 2016), trustworthiness (Patton, 1999), and rigor (Dubé and Paré,
2003). Collaborative coding is also said to enforce systematicity, clarity,
and transparency (Hall et al., 2005). The Inter-Coder Agreement (ICA)
measurement is utilized within a process to facilitate discussions and
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identify concepts that raters may have different perspectives on. This
method helps to analyze and interpret each component independently,
leading to a more comprehensive understanding of the various elements
at play, therefore developing a shared interpretation in qualitative
research (Armstrong et al., 1997; Weston et al., 2001; Campbell et al.,
2013; MacPhail et al., 2016; McDonald et al., 2019; O’Connor and Joffe,
2020).

Therefore, this paper extends the state-of-the-art by introducing a
theory on DevOps team structures and taxonomies using collaborative
qualitative analysis. This harmonization enables to gather different cul-
tural and organizational nuances of the companies that were analyzed
in existing studies. Extensive research data is made available as open
data’ so that other researchers can verify and extend this work in new
directions.

The structure of the paper is as follows. Section 2 provides an
overview of the rise of the DevOps culture and existing work on team
structures. Section 3 is devoted to the research methodology applied
in this work. The development and examination of the validity of the
created theory on harmonizing DevOps team structures are presented
in Sections 4 and 5, respectively. In Section 7, we analyze the threats to
the validity of this theory and its limitations. Finally, Section 8 draws
the main conclusions of our work.

2. Background and related work

Before presenting our research methodology, let us first discuss
some of the key concepts around DevOps, DevOps adoption, and team
taxonomies that serve as a foundation for our work.

2.1. DevOps

The study by Iden et al. (2011), although it does not explicitly
mention DevOps, is one of the seminal papers that empirically analyzed
the conflict between development and operations teams when they
have to collaborate. This follows the idea initiated by Debois (2008)
and Flickr employees (Allspaw and Hammond, 2009). Iden et al. (2011)
used the Delphi method (brainstorming with 42 Norwegian IT experts,
reduction, and ranking) to provide a key baseline for analyzing the
problems that reveal the lack of cooperation between developers and
IT operations personnel. Later, Nybom et al. (2016b) interviewed 14
employees of an organization to analyze the benefits of dev & ops
collaboration, such as improved trust and smoother work flow. Then,
some studies followed (Erich et al., 2014; Lwakatare and Kuvaja, 2016;
Riungu-Kalliosaari et al., 2016; Luz et al., 2019).

In this research, we adopted the DevOps definition of Leite et al.
(2019): “DevOps is a collaborative and multidisciplinary effort within an
organization to automate continuous delivery of new software versions,
while guaranteeing their correctness and reliability”.

The goal is to apply practices and cultural values to reduce the
barriers between development and operations teams. To understand
these practices and values, Leite et al. (2019) presented a DevOps
conceptual map with four subfields: People & Process (Management
Perspective) and Delivery & Runtime (Engineering Perspective). The
People subfield focuses on the union of the development and operations
team through the culture of collaboration, enabling breaking down
silos, sharing of knowledge, and achieving autonomy. The Process
subfield presents concepts that aim to achieve a business outcome, such
as reducing risk and cost, complying with regulations, and improving
product quality and customer satisfaction (Shahin et al., 2016). The
Runtime presents security, scalability, and infrastructure concepts as
code. Finally, Delivery is related to providing automation, frequent and
reliable release process, and support enabling Continuous Delivery and
Deployment.

1 https: //github.com/jdiazfernandez/devops_taxonomies.github.io/tree/V1.0.0#readme
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2.2. DevOps adoption and team taxonomies

Over the last decades, organizations have become more interested
in the DevOps benefits (Diaz et al., 2021) and have looked for ways
to adopt and handle all the concepts and techniques around the term.
Google, for example, adopted Site Reliability Engineering (SRE), a term
coined by Ben Treynor Sloss, which implements part of the DevOps
philosophy but has its own principles, such as Operations Is a Software
Problem and Work to Minimize Toil (Murphy et al., 2018). Amazon
became known for the premise “You build it, you run it”, presented by
Werner Vogels, CTO of the company. They showed that DevOps is an
effective model for improving enterprise IT delivery. These companies
implemented DevOps, each with its maturity and structure, and in
the case of Google and Amazon, they established new methods and
principles that suited the company’s needs.

As a consequence of DevOps adoption, companies change their
team structures and relationships to address organizational silos and
conflicts, ownership sharing, and cultural values. One of the first papers
on analyzing team structures is the work by Shahin et al. (2017). They
conducted a mixed-method empirical study that collected data from 21
interviews in 19 organizations and a survey with 93 practitioners. They
identified four common types of team structures: separate Dev and Ops
teams with higher collaboration; separate Dev and Ops teams with a
facilitator(s) in the middle; small Ops team with more responsibilities
for the Dev team; and no visible Ops team.

Since then, other authors have attempted to describe one or several
team structures, and how their characteristics impact the software
delivery performance (Leite et al., 2021; Lopez-Fernandez et al., 2021;
Macarthy and Bass, 2020; Luz et al., 2019; Puppet and CircleCI, 2021;
Zhou et al., 2022). Hence, Leite et al. (2021) identified four common
organizational structures: (1) Siloed Departments, (2) Classical De-
vOps, (3) Cross-functional Teams, and (4) Platform Teams. Meanwhile,
Lopez-Fernandez et al. (2021) also identified four team structures: (A)
Interdepartmental Dev & Ops collaboration, (B) Interdepartmental Dev-
Ops team, (C) Boosted (cross-functional) DevOps team, and (D) Full
(cross-functional) DevOps team. These models are not equivalent, but
they have much in common. For example, (1) and (A) are practically
the same team structure. Both are characterized by a certain collab-
oration of Dev and Ops teams but well-defined responsibilities and
suffer silo-related problems and low performance. Nevertheless, (1) and
(2) are not supported by any horizontal team, whereas (A) and (B)
are usually supported by a platform team that is usually limited to
providing the required DevOps infrastructure.

To illustrate the challenges of having multiple taxonomies, consider
the classic Siloed Department. Leite et al. (2021) identified seven
core properties that characterize a Siloed Department: well-defined
roles, conflicts among silos, limited access to production by developers,
neglect of non-functional requirements by developers, limited DevOps
initiatives, limited delivery performance, and insufficient embrace of
automated tests. Conversely, Lopez-Fernandez et al. (2021) character-
ized the same team structure with the following properties: multiple
leadership, shared ownership, occasional collaboration, organizational
and cultural silos, and low autonomy. Although both descriptions
accurately represent Siloed departments, at first glance, the proper-
ties appear dissimilar, which can lead to confusion and difficulties in
understanding and adopting a particular DevOps team structure.

Therefore, these empirical studies seek to understand and cate-
gorize team structures, also known as team taxonomies.? They are
representations of groups organized by their characteristics (silos, com-
munication, collaboration, and others). Comprehending these theories
and representations of team taxonomies is critical to guide the com-
pany in a more systematic and structured DevOps adoption process.

2 Collections of classes wherein each class is an abstraction that describes
a set of properties shared by the instances of the class (Ralph, 2019)
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Fig. 1. Methodological framework.

Team structures reflect continuous delivery and the reliability of new
software versions. Hence, Leite et al. (2021) and Lopez-Fernandez et al.
(2021) show that when there is a breakdown of silos, companies tend
to increase the performance of delivery (frequency of deployment, time
from commit to production, and mean time to recovery). Therefore,
according to the companies’ objectives and limitations, it is possible to
define which structure is best suited to their context.

While related work (e.g. Macarthy and Bass (2020), Nybom et al.
(2016b), among others) and previous work (i.e. Leite et al. (2021)
and Lopez-Fernandez et al. (2021)) focused on identifying and describ-
ing DevOps team taxonomies using primary data, our study takes a
more comprehensive approach by integrating knowledge from various
sources on the same topic. This approach allows us to harmonize the
knowledge acquired from different studies and provide a more robust
theory. Additionally, our research acknowledges the inherent subjectiv-
ity of qualitative research, and we account for potential influences such
as researchers’ geographical location and researcher’s ontological view.
By doing so, we aim to ensure a more accurate and unbiased represen-
tation of the DevOps team structures and related aspects. Furthermore,
our previous works have laid the foundation for this research. Building
on those works, we expand the analysis and incorporate new insights
to understand better DevOps team taxonomies and their implications
on software delivery performance.

3. Research methodology

The contribution described in this paper is part of broader research
in theory-building in the context of DevOps Team Taxonomies. To
analyze and describe this phenomenon, we adopted a multimethod
or mixed approach (Creswell, 2003), in which two different research
groups participated. The outcomes of theory-building research are en-
riched by building theory from multiple research perspectives and
methods (Lynham, 2002). The methodological framework depicted in
Fig. 1 illustrates the stages of this broader research.

Theory-building is a continuous process of refinement and improve-
ment that consists of four stages ((Lynham, 2002), p. 229):

1. Conceptual development - the conception of pertinent con-
structs and relationships through inductive and abductive processes
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(Sjoberg et al., 2008). The output of this phase is an explicit, informed,
conceptual framework that often takes the form of a model ((Lynham,
2002), p. 232).

2. Operationalization - the conceptual elements must be con-
verted into observable entities and measurable units that can be further
inquired into and (dis-)confirm (Lynham, 2002; Sjoberg et al., 2008).

3. Testing - the examination of the validity through empirical
studies to purposefully inform and intentionally confirm or discon-
firm/reject the theoretical framework central to the theory (Lynham,
2002; Sjgberg et al., 2008).

4. Application - the study, inquiry and understanding of the theory
in action, i.e., in real situations in practical disciplines (Lynham, 2002).

This paper describes the execution and results of Phase 1, i.e., the
development of the theory or a conceptual model. Thus, this is the
first paper in this current research on theory building for harmonizing
DevOps Team Taxonomies based on existing literature (i.e., secondary
study). Before, the authors, who belong to different research groups,
researched DevOps Team Taxonomies independently and separately,
based on primary data from interviews.

3.1. Theory development methods

This research is based mainly on the constructivist model as an un-
derlying philosophy (epistemological and ontological positions) (East-
erbrook et al., 2008). Constructivism or interpretivism states that sci-
entific knowledge cannot be separated from its human context. It also
states that a phenomenon can be fully understood by considering the
participants’ perspectives and context. Therefore, the most suitable
methods to support this approach are those that collect rich qualitative
data from which theories (tied to the context under study) may emerge.

One of these methods is Grounded Theory (GT), which aims at the
iterative development of a theory from qualitative data (Glaser and
Strauss, 1967) and encourages deep immersion in the data (Ralph,
2019). “In grounded theory, initial analysis of the data begins without
any preconceived categories. As interesting patterns emerge, the researcher
repeatedly compares these with existing data and collects more data to sup-
port or refute the emerging theory” (Easterbrook et al., 2008). GT allows
in-depth analysis of the phenomenon to be studied, here, how software-
producing organizations structure their development and infrastructure
teams and how they interact when they adopt the DevOps culture and
practices, i.e., which DevOps taxonomies exist. Thus, GT is adequate
for our purposes, and according to our philosophical stance, we used
Constructivist Grounded Theory (the Charmaz’s GT variant (Charmaz,
2014)).

When utilizing GT with secondary data sources, the data are derived
from published papers rather than customary open-ended interviews,
ethnographic observational notes, or conversational analysis coded
transcripts (Wolfswinkel et al., 2013). The researchers are then pre-
sented with one or more unstructured sets of published studies, primar-
ily consisting of individual empirical studies. Using (open, selective,
theoretical) coding, the researchers conceptualize and articulate the
hidden aspects of a set of relevant excerpts identified during their com-
prehensive review of single studies. This kind of analysis is performed
until ‘theoretical saturation’ has occurred (no new concepts, properties
or interesting links arise). This approach enables researchers to create a
representative view of data relevant to the specific research question(s)
posed (Wolfswinkel et al., 2013).

Specifically, we applied a novel GT process (Diaz et al., 2023)
that extends the Charmaz’s GT variant to allow multiple researchers
to participate in the coding process, known as collaborative coding.
This GT process ensures consensus on the constructs that support
the theory, thus improving the rigor of qualitative research (cf. Diaz
et al. (2023)). We used a collaborative coding approach, in which a
team of four researchers analyzed qualitative data independently and
systematically. This method is particularly crucial in the context of
DevOps team taxonomies due to the intricate nature of this domain.
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DevOps team taxonomies involve a diverse range of non-technical
and technical concepts, spanning development, operations, and man-
agement. By leveraging the diverse perspectives and backgrounds of
multiple researchers, we believe that the analysis is enriched, leading
to improved research quality. To evaluate the level of agreement among
coders and facilitate the resolution of disagreements, we utilize inter-
coder agreement (ICA) analysis. This method quantifies the degree to
which different raters assign the same precise value, such as a code or
category, to each qualitative data item or quotation (Gisev et al., 2013).

Collaborative coding involving multiple raters often results in con-
sensus. This consensus can be achieved through various means, in-
cluding group discussion, dialogic intersubjectivity, coder adjudication,
and simple group consensus as the desired agreement goal (Saldaia,
2012). However, to improve the coding process, it is crucial to measure
consistency and agreement among coders. Here, agreement techniques
come into play, allowing researchers to gauge the level of agreement
among multiple coders.

By promoting systematicity, communicability, and transparency in
the coding process, measuring consistency and agreement among raters
encourages reflexivity and dialogue within research teams. This, in
turn, helps to enhance the trustworthiness of research for diverse
audiences. Therefore, ICA techniques play a critical role in ensuring the
reliability and validity of research findings, particularly when multiple
coders are involved (Gonzélez-Prieto et al., 2023).

3.2. Data collection

GT involves iteratively performing interleaved rounds of qualita-
tive data collection and analysis to lead to a theory (e.g., concepts,
categories, patterns) (Ralph et al., 2021). In our case, the collected
material is secondary data from scientific papers and grey literature.
Grey literature is any document not controlled by commercial pub-
lishers, such as source code files, wikis, roadmaps, and mailing list
messages; it also includes publications not indexed by scientific reposi-
tories such as working papers, white papers, annual/technical reports,
blogs, videos, and web pages (Rothstein et al., 2005). Alongside com-
mercial and academic publications, grey literature can be used to
broaden the understanding of the structure of DevOps teams. Grey
literature is a leading source for identifying topics and gaps not yet
covered by academic literature. It enables investigating more up-to-
date, and emerging information since academic studies entail longer
publication delays due to its peer-review process (Paez, 2017).

We initially collected data from scientific databases according to the
purposed sampling strategy. Then we moved on to theoretical sampling
and iteratively collected more data — both from scientific studies and
grey literature. Our search encompassed prominent academic databases
such as IEEE and comprehensive searches on Google Scholar. Each
analyzed document described at least one DevOps team structure and
its properties based on the concepts and categories relevant to the
emerging theory. We collect new data for analysis in each iteration,
ensuring that at least one new document is added during each cycle.
This iterative data collection process continues until the ICA value
exceeded a threshold and the theoretical saturation was reached.

3.3. Qualitative data analysis

To conduct a constructivist GT, we followed the subsequent stages
detailed in the next section: initial/open coding, selection of core
categories, selective coding, sorting, and theoretical coding (see Fig. 2).
The outputs of these stages are the coding, the memos, the categories,
and the resulting theory, all managed through the Atlas.ti v9 tool (AT-
LAS.ti Scientific Software Development GmbH, 2019). To support our
findings, we also included some excerpts from the collected data to
maintain the chain of evidence.

Initial/open coding and selective coding (see white rectangles in
Fig. 2, which are decomposed in Fig. 3) are characterized by (i) being
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collaborative, involving various coders in these stages, (ii) consisting of
multiple rounds of coding, constant comparison, and memoing, specif-
ically one round per coder involved in the collaborative coding, and
(iii) being performed in various iterations until Inter-Coder Agreement
(ICA) reaches a threshold. Hence, a first coder analyzes the selected
documents, line by line, extracting quotations (segments of texts) and
assigning codes to these quotations. During this process, the coders also
write notes that are relevant to the research. We call these “memos”.
At the end of this analysis, the coder creates memos, a codebook,
quotations, and the relation between the codes and quotations (i.e., the
codes assigned to each quotation). The following coders analyze the
same documents that the previous coder analyzed. These quotations
are visible, but the coders never see the codes assigned to each quo-
tation. They have access to the codebook and the documents with the
quotations. Then, subsequent coders can create new quotations, and
create or modify codes and memos if necessary. Once all coders have
analyzed and coded the documents, the following step is to calculate
the ICA, see activity Calculate ICA in Fig. 3. If the ICA results exceed
a specified threshold, then we Proceed to Next Stage. If not, a Group

Discussion is required. This discussion aids coders in refining their
comprehension, aligning their perspectives, and primarily focusing on
resolving points of disagreement. The objective behind conducting a
new iteration is to validate whether the discussion has resulted in a
consensus. Utilizing the improved codebook on new data subsequently
ensures that researchers can collectively achieve a consensus on the
accumulated information or continue deliberating and analyzing new
data if necessary.

ICA helps and guides the group discussion to identify mistakes,
coding disagreements, and weaknesses in the categories, improving the
codebook and code descriptions. All decisions are documented in the
Disagreement Diary document. After that, we repeat the process until a
previously-defined minimum threshold is reached. This process is fully
described in previous work (Diaz et al., 2023).

4. A theory on DevOps team structures

This section describes a theory on how software-producing organi-
zations structure their development and infrastructure/operation teams
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Table 1
Description of the documents selected.
ID Source Year Name
D1 Scientific 2021 DevOps Team Structures
paper Characterization and Implications
(Lépez-Fernandez et al., 2021)
D2 Scientific 2021 The organization of software teams in
paper the quest for continuous delivery (Leite
et al., 2021)
D4 Scientific 2020 An Empirical Taxonomy of DevOps in
paper Practice (Macarthy and Bass, 2020)
D5 Scientific 2016 On the Impact of Mixing Responsibilities
paper Between Devs and Ops (Nybom et al.,
2016a)
D6 Scientific 2017 Adopting Continuous Delivery and
paper Deployment:
Impacts on Team Structures,
Collaboration
and Responsibilities (Shahin et al., 2017)
D7 Scientific 2019 Adopting DevOps in the real world: A
paper theory, a model, and a case study (Luz
et al., 2019)
D8 Scientific 2011 Why Enterprises Must Adopt Devops to
paper Enable Continuous Delivery (Humble
and Molesky, 2011)
D9 Gray 2022 Site Release Engineering book
literature Chapter 1 - How SRE Relates to DevOps
(Murphy et al., 2018)
D11 Gray 2020 State of DevOps Report (Puppet and
literature CircleCI, 2021)
D12 Scientific 2022 A Cross-Company Ethnographic Study on
paper Software

Teams for DevOps and Microservices:
Organization, Benefits, and Issues (Zhou
et al., 2022)

and how they interact when they adopt the DevOps culture and prac-
tices. In this process, four raters (coders) were involved: (R1) Jessica
Diaz; (R2) Isaque Alves; (R3) Jorge Pérez; and (R4) Carla Rocha. The
process results are available in a public repository (see Section Data
Availability) , i.e., a replication package to motivate others to provide
similar evidence by reproducing this GT study. The steps and iterations
to analyze the data and construct the theory are described as follows.

4.1. Initial/open coding

This activity (see Fig. 2) aims to discover the concepts underlying
the data and instantiate them in the form of codes. In each open cod-
ing iteration, n documents are analyzed and chopped into quotations
assigned to a previously discovered code or to a new one that emerges
to capture a new concept.

Iteration 1

In the first open coding iteration, researchers R1-R4 analyzed doc-
uments D1 and D2 (see Table 1) as follows.

First, R1 selected the quotations and created and assigned codes
to these quotations, resulting in an initial codebook. Subsequently, R2
received this initial codebook and quotations, and assigned codes to the
quotations as well as created or modified codes when necessary. After
completion of the two rounds of coding, Krippendorff’s coefficients
a (Hayes and Krippendorff, 2007; Krippendorff, 2004) were computed
(see Gonzalez-Prieto et al. (2023) for a detailed description of the use of
these techniques in qualitative research). Specifically, Cu-a® and cu-a*
coefficients were computed, and their values are shown in Table 2.
As we can observe from this table, the value of the global coefficient

3 The Cu-a coefficient measures the degree of agreement in the decision to
apply different semantic domains, independent of the chosen code.

4 The cu-a coefficient is computed on a specific semantic domain S. It
indicates the degree of agreement with which coders identify codes within
S.

Cu-a did not reach the acceptable threshold of 0.8, as defined in the
literature (Krippendorff, 2004). For this reason, a group discussion and
review meeting was necessary to examine disagreements and the appli-
cation criteria of the different codes, and thus, improve the codebook.
Then, R3 and R4 replicated the process, and after completion of the
two rounds of coding, again the global coefficient Cu-a did not reach
the acceptable threshold (see Table 2). Thus, a new review meeting
was held to discuss disagreements and the application criteria of the
different codes, in such a way that the codebook was improved.®

The by-products of this first iteration were a total of 71 quota-
tions extracted from the documents and a codebook composed of 21
codes categorized into seven semantic domains or categories: (S1)
Automation; (S2) Culture; (S3) Management; (S4) Monitoring; (S5)
Organizational Structure; (S6) Sharing; and (S7) Skills & Roles.°

Iteration 2

Researchers R1-R4 analyzed document D4 (see Table 1). Since the
coders agreed on a common codebook in the previous iteration, we ex-
pected a more significant agreement that materializes as a higher value
of ICA. Table 3 shows the ICA values for this second iteration. From
the results of the table, we observe that after this refinement of the
codebook, Cu-a reached a value greater than the required agreement
threshold (0.905). Thus, the open coding process stopped: we reached
a consensus on interpreting the codes presented in the codebook, and
we proceed with selecting core categories and selective coding.

As a by-product of this second iteration, 7 new codes and a new
semantic domain emerged, leading to a new version of the codebook
with 28 codes and eight semantic domains (see Table 4 and the public
repository for a full description of the codebook).

5 Meeting results are documented in a disagreements diary file, which is
available in the public repository.

6 Atlas.ti projects and codebooks for each iteration are available in the
public repository.
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Table 2
Values of the different Krippendorff’s a coefficients in the open coding iteration 1. Values lower than the threshold (< 0.80) are shown in Red.
Coders Cu — a per semantic domain Cu—a
S1 S2 S3 S5 S6 S7
R1 & R2 1 N/A 0.941 1 0.906 1 0.789
R3 & R4 0.839 1 N/A 0.915 0.976 0.918 0.761
Table 3
Values of the different Krippendorff’s a coefficients in the open coding iteration 2. Values lower than the threshold (< 0.80) are shown in Red.
Coders Cu — a per semantic domain Cu—a
S1 S2 S3 S4 S5 S6 S7 S8
R1-R4 1 1 N/A 1 N/A 0.708 1 1 0.905
Table 4
Domains and codes resulting from open coding.
Domain: AUTOMATION (S1) Domain: CULTURE (S2)
Automated application life-cycle management collaboration
Automated infrastructure management communication
Platform builder cultural silos/conflicts
Platform servicing values & best practices
Domain: IT INFRASTRUCTURE (S3) Domain: MANAGEMENT (S4)
Cloud Leadership & management
Containerization Rotary human resources
Hybrid (on-premises & cloud) Team self-organization & autonomy
On-premises Transfer of work between teams
Domain: MONITORING (S5) Domain: ORGANIZATIONAL STRUCTURE (S6)
Delivery performance Devops (bridge) team
End-to-end product vision Enabler (platform) team
Organizational silos/conflicts
Small size teams (two pizza rule)
Domain: SHARING (S7) Domain: SKILLS & ROLES (S8)
Alignment of dev & ops goals Cross-functionality/skills
Knowledge sharing Evangelization and mentoring
Responsibility/ownership sharing Role definition/attributions
Table 5
Groundedness & density of semantic domains (open coding stage).
ID Semantic domain Density Table 6
Groundedness & density of codes (open coding stage).
S5 Organizational Structure Gr = 59 112 Cod Densi
s2 Culture Gr = 41 84 ode ensity
S6 Sharing Gr = 40 84 responsibility/ownership sharing Gr = 26 61
S7 Skill & Roles Gr = 36 75 cross-functionality/skills Gr = 23 54
S1 Automation Gr = 34 69 collaboration Gr = 25 50
S3 Management Gr = 26 59 enabler (platform) team Gr = 23 50
S4 Monitoring Gr = 8 21 organizational silos/conflicts Gr = 18 36
S8 IT Infrastructure Gr = 7 18 platform servicing Gr = 13 34
team self-organization & autonomy Gr = 11 30
devops (bridge) team Gr = 15 29
role definition/attributions Gr = 13 26
4.2. Selection of core categories knowledge sharing Gr = 10 22
transfer of work between teams Gr = 10 21
X L. . communication Gr = 6 15
In this activity (see Fig. 2), R1 and R2 selected the core cate- end-to-end product vision Gr = 4 14
gories, i.e., the most relevant codes from the 28 codes obtained in the values & best practices Gr = 5 13
open coding. The selection of core categories is mainly interpretative automated infrastructure management Gr = 4 11
. cultural silos/conflicts Gr = 5 11
although we also used the groundedness of the codes and semantic .
. . N . N delivery performance Gr = 5 11
domains (i.e., the number of quotations labeled with a code, and its evangelization and mentoring Gr = 4 11
domain) and the density of the codes and semantic domains (i.e., the rotary human resources Gr = 3 9

number of relationships between codes and between domains, i.e., the
co-occurrence of codes in the same quotation). For example, the code
“responsibility/ownership sharing” is related to 22 codes (from a total
of 28) 61 times, i.e., the density is equal to 61. Tables 5 and 6 show
the values for groundedness and density per semantic domain and
code, respectively. Fig. 4 shows the density for the code “responsibil-
ity/ownership sharing”. These are some examples of the information
we analyzed in this activity. The detailed analysis is documented in the
selection of core categories file of the selection of core categories folder in
the public repository, together with the Excel reports of co-occurrence
tables.

hybrid (on-premises & cloud) Gr = 3 8
platform builder Gr = 4 8
leadership & management Gr = 3 6
cloud Gr = 2 5
small size teams (two pizza rule) Gr = 3 5
on-premises Gr = 1 3
containerization Gr = 1 2

As a result of the analysis, we selected six semantic domains (i.e., we
discarded S3 and S5) and 19 codes for the next activity. This codebook
is available in the codebooks folder in the public repository.
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Fig. 4. Illustrative example of density analysis - co-occurrence of the code “responsibility/ownership sharing”.

4.3. Selective coding

Selective coding (see Fig. 2) is an inductive-deductive process in
which new data are labeled with the codes of selected categories
(semantic domains). Coders focus only on core categories, but the
number and definition of their inner codes can be modified according
to the new data analysis.

Iteration 3

Researchers R1-R4 analyzed documents D5, D6, D7 and D8 (see
Table 1). Cu-a reached an acceptable agreement threshold (0.864),
but we did not reach theoretical saturation and new iterations were
required. As a by-product of this iteration, we obtained a new version
of the codebook with 23 codes and six semantic domains (see the public
repository for a full description of the codebook).

Iteration 4

Researchers R1-R4 analyzed document D9 (see Table 1). Cu-a did
not reach the acceptable threshold of 0.8. For this reason, a group
discussion and review meeting was necessary to discuss disagreements
and the application criteria of the different codes. As a by-product of
this iteration, we obtained a new version of the codebook with 25
codes and six semantic domains (see the public repository for a full
description of the codebook).

Iteration 5

Researchers R1 & R3 analyzed documents D11 and D12 (see Ta-
ble 1). Cu-a reached a value greater than the acceptable agreement
threshold (0.956) and we also concluded that we had reached theoreti-
cal saturation. In this way, the selective coding process stopped: There
was a consensus in interpreting the codes presented in the codebook
and we reached theoretical saturation, so we proceeded to the sorting
stage. As a by-product of this iteration, we obtained a new version
of the codebook with 25 codes and six semantic domains. Table 7
shows an excerpt of the final version of the codebook (full description
available in the public repository).

4.4. Sorting procedure

Sorting (see Fig. 2) refers to the conceptual sorting of codes, cate-
gories, and memos into an outline or network of an emergent theory,
showing relationships between concepts. To this end, we performed a
co-occurrence analysis of codes together with the sorting of memos to

Table 7
Excerpt of the final version of the Codebook.

Domain: AUTOMATION (S1)

Platform servicing: This code refers to the services that an entity (e.g., a team,
an external consultant, etc.) offers/provides to product teams (developers and/or
operators) to assist them on the DevOps platform, such as: infrastructure
management (e.g., containerization, cloud, etc.), infrastructure automation (from
low to high levels of automated infrastructure services aka. Infrastructure as
Code, IaC), pipeline automation (CI/CD and release tools), IT operation, etc.

Domain: ORGANIZATIONAL STRUCTURE (S6)

Enabler (platform) team: This code refers to specific structures/teams that
organizations create to satisfy some needs of product teams. Sometimes it is not
necessary to create new structures/teams because the operations
team/department takes over these needs and assists product teams. These needs
can be platform servicing and tools (mainly for infrastructure and deployment
pipelines), consulting, training, evangelization, mentoring, human resources, etc.
Thus, they behave as enabler teams by providing these capabilities. These
structures/teams are named in different ways, e.g., DevOps Centers of Excellence,
chapters, guilds, platform/SRE teams, etc. This code should be used when a
quotation explicitly mentions these new structures/teams or when a quotation
describes the capabilities (at least three) of these enabler teams.

draw the relationships between the different concepts and outline an
emergent theory. All the data we analyzed in this stage is available in
the public repository. Fig. 5 shows the result of this analysis: a network
composed of concepts (rectangles) and the relationships among them.
Next, we describe the most relevant concepts (based on their ground-
edness), the most relevant relationships (based on their density), and
some excerpts as a chain of evidence.”

A keyword in the definition of DevOps is collaboration between
teams (development, infrastructure, quality assurance, and security
teams, among others). This ranges from the lack of collaboration,
which may generate conflicts and disagreements on decisions, to daily
collaboration (working together regularly). Starting from collaboration,
which is the code with the highest groundedness (grounded = 54)
and density (density = 89) at this stage, we analyze the enablers of
collaboration between teams as well as the relationships and impact of
collaboration on team structures.

A team culture based on responsibility/ownership sharing en-
ables collaboration (density = 14) - [5:18] “Mixing the responsibilities
brought Devs and Ops closer to each other. Employees mentioned that Devs

7 The format for excerpts is [ID_document:quotation_number ]“text”.
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Fig. 5. Relationships among concepts.

and Ops now collaborate on different tasks since they now realize the
importance of collaboration”.

The second code to be analyzed is responsibility/ownership shar-
ing (grounded = 49 & density = 80). This code ranges from shared
responsibility of the products to separate responsibilities and tasks
(i.e., each team member has different responsibilities and tasks). Next,
we analyze its relationships with others.

Responsibility/ownership sharing is a property of cross-functio-
nality /skills (density = 10) teams - [1:25] “We observed that there
exists a relationship between how product teams share the product ownership
and how these teams are structured. For example, ID29 shows a high level of
sharing of the product ownership within product teams, which are cohesive,
small (less than 12 people), and multidisciplinary”.

The complete set of concepts and their relationships, alongside
quotation excerpts to illustrate each relationship, is available in the
supplementary material indicated in Section Data Availability. The core
categories are boxed, while the font size of each category and the
thickness of the lines that relate them correspond to the groundedness
of semantic domains and the density of codes, respectively.

4.5. Theoretical coding

Theoretical coding (see Fig. 2) is defined as “the property of coding
and constant comparative analysis that yields the conceptual relationship
between categories and their properties as they emerge” (Glaser, 1992).
Thus, it is a stage that aims to consolidate the emerging concepts and
relationships we obtained in the sorting stage.

According to Gregor’s classification (Gregor, 2006), in our case, we
developed a theory of the type Analysis: “Theories of this type include

descriptions and conceptualizations of “what is”. Also included are tax-
onomies, classifications, and ontologies in the sense of Gruber (1993)”. In
fact, Gregor points out that “Some examples of grounded theory can also
be examples of Type I theory, where the grounded theory method gives rise
to a description of categories of interest”. Type I theory refers to “Analytic
theories [that] analyze “what is” as opposed to explaining causality or
attempting predictive generalizations”. Such theories are valuable when
little is known about the phenomena they describe. This is the case
with DevOps team taxonomies, which are relatively new. That is, the
theory to be built will answer “what DevOps teams taxonomies exist”.
We do not attempt to answer questions related to “why such team
structures exist” (explanation theory), nor do we intend to develop
mathematical/probabilistic models to support predictions (prediction
theory), nor do we intend to describe “how to do” things (Design and
action theory or prescription theory).

To build the theory, we performed the following steps, which we
now detail (Sjgberg et al., 2008):

1. Determining the scope of the theory

2. Defining the constructs & propositions of the theory
3. Providing explanations to justify the theory

4. Examination of validity the theory (see Section 5)

Determining the scope of the theory

The scope of our theory is based on the framework for SE theories
by Sjoberg et al. (2008); however, as there are no explicit limita-
tions to add new constructs and the type of relationships that can
exist between constructs, we have adapted this framework to our
theory. Fig. 6 illustrates a UML class diagram with the constructs
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Fig. 6. Scope of the theory.

and relationships that determine the scope of this theory. We use
the following four archetype classes: Actor, Technology, Activity, and
Software System, which have been represented as abstract classifiers
(classes), so that “An actor applies technologies to perform certain ac-
tivities on an (existing or planned) software system” (Sjgberg et al.,
2008). Additionally, to meet a theory in the DevOps domain, we
added some classifiers (classes) to represent four concepts related to
the CAMS framework®: culture, automation, measurement, and sharing.
[The CAMS framework provides a well-structured and comprehensive
approach to understanding and explaining complex systems and pro-
cesses like DevOps. The CAMS framework helps us leverage DevOps
theoretical foundations to conceptualize and delineate the scope of
our theory effectively.] The Culture_V alues_BestPractices class repre-
sents the cultural movement promoted by DevOps, its values, and best
practices. The Process_Automation class represents a task to automate
any process of the application lifecycle management (ALM) as well as
process metrics using some technology. Together with these classifiers,
we have added others to represent the classic organizational structure
(dev and ops teams) versus product teams driving DevOps culture,
principles, and practices. These classes inherit from the Team class,
which in turn inherits from Actor, and thus execute activities in the
context of constructing software systems. Team is declared as abstract
and active since instances of its subclasses will be active, and sharing
is a main attribute.

Since the theory was constructed on the basis of qualitative analysis
of a set of primary papers, it must necessarily be limited to a substantive
(local) theory, as opposed to what could be a formal (all-inclusive)
theory (Glaser and Strauss, 1967).

Defining the constructs and propositions of the theory

The constructs and the relationships between the constructs (named
propositions) that make up the theory were derived from the sorting
analysis (see Fig. 5). Table 8 shows the constructs and the code(s) from
which they were derived, whereas Table 9 shows the textual statement
of the description for a proposition between Construct C9 (Collabora-
tion) and C3 (Team::ownedAttribute). The entire list of propositions
is provided as Supplementary Material (see Section Data Availabil-
ity), which includes more propositions between Construct C9 (Col-
laboration) and C3 (Team::ownedAttribute), C6 (Automation), and C8
(Silo).

8 https://www.chef.io/blog/what-devops-means-to-me
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The full description of the 28 propositions (see Section Data Avail-
ability) characterizes each proposition by means of four elements: (i)
the textual statement of the proposition, (ii) its formalization by means
of the Object Constraint Language (OCL), (iii) excerpts as a chain of
evidence, and (iv) the relationships we defined in the resulting network
from the sorting stage (see Fig. 5 for tracing both artifacts). Finally,
Appendix shows the constructs and propositions in a UML class diagram
together with the relations between the constructs and the elements of
the scope.

For readability purposes, this diagram has been divided into some
parts (see Figs. 7-10). Fig. 7 shows the Team class and its subclasses,
which represent constructs C1 to C3; Culture Value BestPractices, which
represents construct C5; Collaboration and Communication, which rep-
resent constructs C9 and C10, respectively; and Silo, which represents
construct C8. Fig. 8 shows the Management class and its subclasses,
which represent construct C4. Fig. 9 shows the Automated_ Infrastructure-
_Management and Automated Application Life Cycle Management classes,
which represent constructs C6, and Plat form, which represents Con-
struct C7. Finally, Fig. 10 shows the enumeration types used in the
previous diagrams.

Providing explanations to justify the theory

An explanation is a relationship among constructs and other cate-
gories that are not central enough to become constructs. An explanation
answers a question of why categories and classes are related, and
this helps explain how DevOps team structures differentiate in the
theory context, including notions of causality and asymmetry (Sjoberg
et al., 2008). To that end, the following explanations are based on the
constructs and propositions shown in Appendix.

E1 - Team and specializations - We identified four-team specializa-
tions: Product_Team, Development_T eam, Operation_T eam, and H orizon-
tal_Team. Each of these specializations has characteristics that justify
its existence, whether in the attributions of variables they inherit from
Team or in actions they perform.

A Product_Team is completely responsible for a product/service
(from scoping out the functionality, to architecting, building, and oper-
ating it). Thus, it is common to have responsibility/ownership_sharing =
medium_sharingor full_sharing, i.e., shared responsibility of products
and tasks (e.g., NFR shared responsibility, infrastructure management
shared responsibility, monitoring shared responsibility, and incident
handling shared responsibility) and autonomy sel f_organization,
i.e., access to all necessary information to develop, deploy, and operate
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Construct

Domain/Code

Cl. Team. It is an artificial (abstract) concept that represents a team structure of an IT department.

(S6) Organization structure

C2. Team::inheretedMembers. It is the way in which the activities carried out by an organization are
divided, organized, and coordinated. Possible team structures are: product teams, horizontal teams (is
an artificial (abstract) concept) — either bridge teams and enabler teams —, development teams and
operation teams.

*Enabler (platform) team
*Devops (bridge) team

C3. Team::ownedAttribute. Attributes that explain and drive the different team structures. In our
context, these attributes include the description of organizational, cultural, and technological aspects.
These attributes are self-organization and autonomy, blame management, alignment of dev & ops
goals, responsibility/ownership sharing, skills/knowledge sharing, stack & tools sharing,
cross-functionality, and role definition.

+Self-organization & autonomy
*blame

*Alignment of dev & ops goals
*Responsibility/ownership sharing
+Skills/knowledge sharing

sstack & tools sharing
«Cross-functionality/skills

*Role definition/attributions

C4. Management. It is an artificial (abstract) concept that represents the management activities
(project and product management, change management, team self-organization, coordination and
transfer of work between teams, as well as measuring, monitoring and feedback) to ensure that
software development and maintenance are systematic, organized, and quantified.

*Change management

*Metrics, visibility & feedback
*Product management
+Self-organization & autonomy
*Transfer of work between teams

C5. Culture. It represents the set of common principles, values, and best practices that impact the
way that people in an organization relate to each other and make decisions and actions around
application life-cycle management.

Culture, values & best practices
«Continuous improvement

C6. Automation. It represents the set of activities to automate the processes of the application
life-cycle management and infrastructure management where applications are deployed.

«Automated application
life-cycle management
-Automated infrastructure
management

C7. Platform. It represents the technology to support automation. It provides interfaces for automated
infrastructure management and automated application life-cycle management.

+Platform builder
+Platform servicing

C8. Silo. It represents the concept of silos between teams. The silo can be organizational or cultural.

Cultural silos/conflicts

-Organizational silos/conflicts

C9. Collaboration. From the lack or eventual collaboration to daily collaboration.

+Collaboration

C10. Communication. From poor/rare communication to frequent communication.

*Communication

Table 9
Propositions example.

P1. A team culture based on responsibility/ownership sharing enables
collaboration.

P2. Promoting Collaboration reduces organizational silos/conflicts.

P3. Automated application life-cycle management is associated with
collaboration. Collaboration impacts automated application life-cycle management
and vice versa. Automation and collaboration mutually facilitate the adoption of
the other, so they are complementary.

P4. A team culture based on knowledge sharing enables collaboration.

P5. If a team is characterized by cross-functionality/skills this will increase
collaboration.

P6. Collaboration is a property of teams in which skills take precedence over
roles, i.e., the role definition/attributions code; hence, if there are already
separate roles, responsibilities are very clear and collaboration is not fostered or
promoted.

the product (see Proposition P12). In this way, product teams can
innovate quickly with a strong customer focus as there is alignment
with business goals (alignment_of_dev&ops_goals = product_thinking),
which is a requirement of a collaboration-based culture (see Proposition
P7), i.e., Collaboration.frequency = daily and Collaboration.quality =
high. Collaboration and responsibility sharing are properties of cross-
functional teams (see Propositions P5 and P9, respectively), thus,
product teams require to have cross — functionality/skills =
and this reduces silos (see Propositions P2, P10, and P19). All these
properties imply that product teams are self-sufficient and capable of
promoting innovation with product thinking. The following excerpt
supports this explanation [1:11] “Consolidated product teams, which have
dealt with both organizational and cultural silos by aligning dev & ops goals
with business goals and show cross-functional teams with shared product

True,
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ownership, end-to-end product vision and high-levels of self-organization
and autonomy”.

The relationship between Development_T eam, which focuses on fea-
ture development, and Operation_Team, which focuses on creating and
maintaining the project’s infrastructure, establishes structures and tax-
onomies already known and cited by the authors in previous works
that depend on the values of some attributes we identified in Con-
struct C3. These attributes are as follows. Well-defined and differ-
entiated roles, i.e., role_definition/attributions = True, usually show
poor collaboration (Collaboration. frequency = eventual) and commu-
poor/rare), promoting a transfer of
responsibilities. Hence, roles with clear and non-shared responsibilities
(responsibility/ownership_sharing = minimal or null_sharing), build a
scenario where the collaboration is not fostered or promoted (see
Proposition 6). It generates a transfer of responsibility between the
teams (see Proposition 14) instead of sharing common responsibilities.
However, as collaboration and shared responsibility increase, silos, and
conflicts are reduced or eliminated. The following excerpts support this
explanation [2:11] The classical DevOps structure focuses on collabora-
tion among developers and the infrastructure team. It does not eliminate
all conflicts but promotes a better environment to deal with them [1:9]
“resulting from the creation of teams in which developers and operators daily
collaborate, but there exists still a transfer of work between them, showing
some cultural barriers”.

Finally, Horizontal Team is a specific structure that helps and sup-
ports the needs of multiple development or product teams of an IT
department. Sometimes it is not necessary to create new structures
because the operation team/department takes over these needs and
assists dev/product teams. These needs can be platform servicing and
tools for automated application life-cycle management (see Proposi-
tion 26) and automated infrastructure management (see Proposition
27), and also consulting, training, evangelization, mentoring, human

nication (Communication.type =
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resources, etc. Horizontal_Team is an abstract class as it will only serve
as a model for the Enabler Team and Bridge_T eam, which inherit the
attribute cross — functionality/skills boolean, thus, they could be
cross-functional or not; usually, an Enabler_Team or a Bridge_Team has
multiple skills, but it is not mandatory (see Proposition P18).

On the one hand, Enabler_Team — named in different ways, e.g., De-
vOps Centers of Excellence, chapters, guilds, platform/SRE teams —
provides platform servicing and tools (see Interface Platform_Servicing
and Proposition P25), which enables product teams with automated ap-
plication life-cycle management (see Proposition 28) and self-
organization & autonomy (see Proposition 24), driving the DevOps
culture, values, and practices.

On the other hand, Bridge_Team supports and helps development
and operation teams, mainly by deploying and hosting applications in
the platforms they build (platform builders), monitoring, and providing
support. The engineers of these bridge teams are DevOps practices
facilitators; hence, they usually create, deploy, and manage both the
infrastructure (environments) and deployment (CI/CD) pipelines, al-
though they may be also involved in other tasks, such as requirements
(user stories) analysis and coding. They are usually the bridge interface
between developers and IT operations to drive the DevOps culture,
values, and practices.

E2 - Management - Management is an important activity that
assists in developing a software system. It is responsible for generating
metrics and indicators and monitoring risks. There are two manage-
ment specializations. Product_M anagement is responsible for managing
the product end-to-end (both development and operation) whereas
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Fig. 10. Enumerations for Figs. 7, 8, and 9.
Project_M anagement is responsible for managing a temporary endeavor not much room for maneuvering”. [9:17] “Change management is best
of that product lifecycle (e.g., development). In our theory, note that pursued as small, continuous actions, the majority of which are ideally both
M anagement has the attribute change_type, which represents the fre- automatically tested and applied”.
quency of changes. The following excerpts support this explanation E3 - Automation - Automation is an essential DevOps activity. It
[9:15] “change is necessary in order to improve. Without that, there is is then presented in the diagram in several ways. On the one hand,
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Automated Application_Life_Cycle_ Management, for example, refers to the
automation of some of the application life cycle processes (from de-
velopment and deployment pipelines to monitoring tasks) and the
adoption or providing tools for supporting these processes. For ex-
ample: build automation (continuous integration, CI); testing automa-
tion (continuous testing or quality assurance automation); delivery
automation (continuous delivery, CD); deployment automation (con-
tinuous deployment, CD); operational tasks automation (continuous
measurement/feedback/monitoring from operations to development);
and recovery automation.

On the other hand, Automated_Infrastructure_M anagement refers
to the automation of infrastructure management and configuration
management tools.

E4 - Platform Servicing - Platform provides automated CI/CD
pipelines and managing infrastructure physical and/or virtual environ-
ments, containerization, Infrastructure as Code (IaC), pipeline automa-
tion (CI/CD and release tools), and IT operation. This platform can
be provided as a service (see Platform_Servicing in Appendix), which
represents a service automation that implements DevOps best practices.
The specializations of this interface are ALM_Interface (Automation
Life Cycle Management) and IaC_Inter face (Infrastructure as a Code).
The first one (see Proposition 26) implements continuous integration,
continuous testing, continuous delivery and deployment, recovery au-
tomation, and continuous monitoring. The second one (Proposition 27)
implements the managing and provisioning of infrastructure through
code instead of through manual processes, this means, configuration
files containing infrastructure specifications are created, making it eas-
ier to edit, distribute, and update configurations. E5 - Communication
- Communication in Fig. 7 is directly related to the Team class. The
objective is to inform that the team has relationships with another
team. It has the attribute type, ranging from poor/rare to frequent.
An example of frequent communication is [2:13] “Development and
infrastructure teams participate in the same chat; it even looks like everyone
is part of the same team”. Some initiatives aim to achieve a greater
frequency of communication: [5:10] “training for Devs and Ops on the
responsibilities of other departments can be very beneficial for communi-
cation” (see Proposition 13). However, we also identified that [2:6]
“Limited DevOps initiatives, centered on adopting tools, do not improve
communication”, this occurs mainly in cases where companies focus on
the short-term benefits of DevOps with automation and tool adoption,
but not giving the same value to cultural values.

E6 - Collaboration - Collaboration in Fig. 7 is directly related to the
Team class. It has two attributes: frequency that goes from eventual to
daily, and quality that goes from low to high. Collaboration is consid-
ered an essential aspect of specifying the structure of teams as shown
in [1:28] “collaboration frequency is highly related to the team structures
and is a critical variable for DevOps adoption. Indeed, Collaboration is one
of the key values of DevOps culture”.

In some cases, members work together daily. This implies frequent
collaboration between team members and usually a daily meeting in
addition to other less frequent meetings with related teams. Promoting
Collaboration reduces organizational silos/conflicts (see Proposition 2)
as shown in [7:1] “A collaborative culture essentially aims to remove the
silos between development and operations teams and activities”. However,
members of product teams in other organizations have more differen-
tiated roles (Dev versus Ops) so they work together but on different
tasks. This means there is not a real collaboration but a transfer of
responsibilities as shown in [4:10] “Here, developers are not responsible
for application deployment and management. Completed applications or fea-
tures are handed over to the DevOps teams for deployment and management
[..]7.

E7 - Culture - For DevOps, establishing a culture is as crucial as
defining automation tools and practices. Communication, collabora-
tion, transparency, and blame represent team cultural values. Some
teams benefit more from these factors, which is why they appear in
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Appendix at times as attributes and at other times as classes. Customer-
centric action, end-to-end responsibility, and automate everything rep-
resent DevOps principles. Reaching cultural maturity is built slowly
together with the team. [12:1] “Trust, the cultural core of DevOps and
microservices, needs to be cultivated across software teams”.

5. Validity of the theory

The last step of the theory-building process involves the examina-
tion of the validity of the theory. To this end, we analyzed the following
elements (Sjoberg et al., 2008):

1. The extent to which the theory, once it is instantiated, represents
the theories that were the input for this study.

2. The clarity and precision of the elements that are part of the
theory.

3. The extent to which a theory has been validated.

4. The scope of the theory must be explicitly and clearly specified.

We also checked whether the harmonization of the theory led
to the loss of concepts regarding specific domains, which might be
critical to deriving the hypotheses. This phenomenon arises when, in
the “sorting procedure”, we favor codes with co-occurrence in multiple
documents. Concepts/properties appearing in only one paper will likely
be discarded in the sorting procedure and not be part of the final
theory.

5.1. Representativeness of the theory

DevOps taxonomy is a new research topic, and we believe we used
all the relevant taxonomies proposed in both white and grey literature
(complete or partial) in this paper to propose a harmonized taxonomy.
Therefore, we instantiate some of the works used in this research
to validate the proposed theory. The goal is to verify that the main
concepts were covered in our theory and to map the properties of the
proposed methodology.

Researchers Jorge Pérez (R2), Carla Rocha (R4), Paulo Meirelles
(R5), and Leonardo Leite (R6) instantiated a sample of DevOps tax-
onomies. In addition, they were asked to highlight the gaps present
in the theory and identify potential improvements in the theory. The
complete dataset and the analysis of this procedure are available in the
public repository.

We instantiated documents D1, D2* (latest research update), and
D7. We chose D1 and D2* because they present four DevOps Team
structures and their properties. We chose the latest research updates
from document D2, which we labeled as D2* (Leite et al., 2022).
Finally, document D7 presents only one team structure. We aimed to
test whether our theory is capable of representing each of these team
structures.

D1 instantiation

Lopez-Fernandez et al. (2021) identified four team structures: (A)
Interdepartmental Dev & Ops collaboration, (B) Interdepartmental Dev-
Ops team, (C) Boosted (cross-functional) DevOps team, and (D) Full
(cross-functional) DevOps team; and six properties that characterize
these structures: leadership from management, shared ownership, col-
laboration frequency, organizational silos, cultural silos, and autonomy.
First, we performed a mapping of these properties with the constructs
and propositions of our theory shown in Appendix as follows:

+ The leadership from management and shared ownership properties
map to the attribute responsibility/ownership_sharing of the Team
class.

* Collaboration frequency maps to the attribute frequency of
Collaboration.
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» The organizational silo and cultural silo properties map to the
Silo association class. Its attribute zype indicates whether it is
organizational or cultural.

+ Autonomy maps to the autonomy attribute of the Team class.

Finally, we instantiated the four structures (A-D) using the con-
structs and propositions of our theory shown in Appendix as follows:

* (A) Interdepartmental Dev&Ops collaboration can be instantiated
with the Development Team and Operation_Team classes together
with the transfer_of_work relationship since the conditions ex-
pressed in the note associated with this relationship are true.
Some other conditions are autonomy = dependent and there are
organizational and cultural silos (i.e., the relationship is instan-
tiated twice, one with fype = organizational and another with
type = cultural).

(B) Interdepartmental Dev-Ops team can be instantiated with the
Development_Team and Operation_Team classes with no organi-
zational silos, although cultural silos are maintained (i.e., the
relationship is instantiated with type = cultural). There is no
alignment between Dev and Ops department goals (alignment o f-
_dev&ops_goals = local_optimization). There is frequent collabo-
ration (Collaboration.frequency = daily), beyond the transfer of
work, and some autonomy and shared ownership emerge.

(C) Boosted (cross-functional) DevOps team can be instantiated
with the Product_Team class, there are no silos, and there is an
increasing shared responsibility and ownership (responsibility/
ownership_sharing = medium_sharing).

(D) Full (cross-functional) DevOps team can be instantiated with the
Product_Team, there are no silos, there is full shared responsibility
and ownership (responsibility/ownership_sharing = full_sharing)
and self-organization (autonomy = self _organization). Product
teams are provided with platform servicing through the instan-
tiation of Enabler_Team, which works as a DevOps center of
excellence, and the Plat form_servicing interface.

D2* instantiation

Leite et al. (2021) identified four common organizational structures:
(1) Siloed Departments, (2) Collaborating Departments, (3) Cross-
functional, and (4) Platform Teams. These structures were identified
alongside their core properties (characteristics found in corporations
with a given structure) and supplementary properties (used to refine
the explanation). Meanwhile, the core properties also were used to
discuss delivery performance. Since this work focuses on describing the
organizational structure, we assume delivery performance as an output
of DevOps adoption, related to a team structure. Therefore, we only
consider the core properties that describe the structures.

We performed the instantiation of the structures 1-4 based on the
constructs and propositions of our theory shown in Appendix as follows:

* (1) Siloed departments identified by 7 core properties: (1) “De-
velopers and operators have well-defined and differentiated roles”,
which can be instantiated by the T'eam class with role_de finition/
attributions = true; (2) “Each department is guided by its own in-
terests” instantiated by Team with blame = true and Collaboration
with quality = low; (3) “Developers have minimal awareness of what
happens in production” represented by Team with responsibility/
ownership_sharing = minimal or nullsharing; (4) “Developers often
neglect non-functional requirements (NFRs)” instantiated by Team
with responsibility/ownership_sharing = minimal or nullsharing;
(5) “Limited DevOps initiatives” represented by Automated
_Application _Life_Cycle Management and Team with alignement
_of _dev&ops_goals = minimal or null sharing; (6) “Organizations
are less likely to achieve high delivery performance”, in this case
our theory does not represent delivery performance; (7) “lack
of proper test automation” instantiated by Automated_Application
_Life_Cycle_Managements implements ALM _Interface without
continuous_testing().
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* (2) Collaborating departments identified by 9 core properties: (1) “a
culture of collaboration” instantiated by Team with responsibility
Jownership_sharing and stack&tools_sharing = full_sharing and
Collaboration with frequency = daily; (2) “stress can persist at high
levels for the infrastructure team” instantiated by Collaboration with
quality = low; (3) “alignment of different departments” instantiated
by Team with alignement_of_dev&ops_goals = product_thinking;
(4) “Development and infrastructure teams share NFR responsibilities”
instantiated by Team with responsibility/ownership_sharing =
fullsharing; (5) “the infrastructure staff is the front line of tracking
monitoring and incident handling” instantiated by Collaboration
with quality = low; (6) “rebranded their infrastructure teams as
DevOps or SRE” the so called “DevOps Team” usually is simply
Operation_team, and not Bridge_team; (7) “Culture of collaboration
prescind from a “DevOps team” instantiated by Team with the
Collaboration.type = daily and Bridge_team not instantiated;
(8) “Not enough to achieve high delivery performance”, in this
case our theory does not represent delivery performance; (9)
“infra as development collaborator” instantiated by Team with
responsibility/ownership haring = full_sharing.

(3) Single department identified by 7 core properties: (1) “Inde-
pendence among teams may lead to misalignment” instantiated by
Team with autonomy_degree = sel f _organization and Collaboration
with quality = low; (2) “It is hard to ensure a team has all the

necessary skills” instantiated by Team with autonomy degree =
sel f _organization and Collaboration.quality = low; (3) “no ev-
idence of idleness for specialists”, our theory did not fit this;
(4) “Most of the cross-functional teams we interviewed were in
small organizations”, in this case our theory does not repre-
sent organization size; (5) “Dedicated infra professionals” instan-
tiated by Team with cross — functionality/skills = true and
rolegye finition/attributions = true; (6) “Developers with infra back-
ground” instantiated by Team with cross — functionality/skills =
true and role_de finition/attributions = false; (7) “Lightweight infra
effort” instantiated by Team with cross — functionality/skills =
false and role_de finition/attributions = false.

(4) Platform teams Identified by 9 core properties: (1) “Product
teams are fully accountable for the non-functional requirements of
their services” instantiated by Product_ Team with access_to_all
_necessary_information(); (2) “The platform itself handles many NFR
concerns” instantiated by Platform with continuous_monitoring()
and recovery_automation(); (3) “Product teams become decoupled
from the members of the platform team” instantiated by the
Collaboration between the Product Team and the Bridge Team

(which automates_in frastructure_creation(), automates_in f rastructure
_deployment(), and automates_in f rastructure_management()) are even-
tually requested; (4) “The infrastructure team is no longer re-

quested for operational tasks” instantiated by the Bridge Team

with automates_in f rastructure_creation(), automates_infrastructure_

deployment(), and automates_infrastructure_management(); (5)

“avoids the need for product teams to have infrastructure specialists”

instantiated by the Product_Team with cross functionality/skills =

false; (6) “The platform may not be enough to deal with particu-

lar requirements” instantiated by the Bridge_ Team with automa-

tes_infrastructure_creation(), automates_in f rastructure_deployment(),
and automates_infrastructure_management(); (7)“it will require de-

velopment skills from the infrastructure team” instantiated by the

Bridge Team with cross — functionality/skills = true; (8)

“[organizations with] platform team structure are high perform-

ers”, in this case, our theory did not fit this; (9)“platform teams

not suitable for small companies”, our theory does not represent

organization size.
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D7 instantiation

Luz et al. (2019) built a theory with the workflow for DevOps
adoption. They proposed a model for the successful adoption of DevOps
adoption in companies. The scope of their theory relates to enterprise
systems (in particular those based on a service-oriented architecture),
and the only organization team structure used as reference is the
Interdepartmental Dev & Ops collaboration.

We performed a mapping of these properties to the constructs and
propositions of our theory shown in Appendix as follows:

« Interdepartmental Dev & Ops collaboration Identified by 11 prop-
erties: (1) “Development Team” instantiated by the Development_
Team class; (2) “Production Team (actor)” instantiated by the
Operation_Team class; (3) “DevOps Collaborative Culture (Technol-
ogy)” instantiated by the Development_team, Operation_team, and
Collaboration classes with frenquency = daily and quality = high;
(4) “Enterprise Systems Service Oriented Systems (Software Sys-
tem)” is out of the scope of our theory; (5) “Continuous measure-
ments (Activity)” instantiated by Automated Application Life Cycle_
Management implements ALM_Interface with continuous
_monitoring() and Management.get set metrics(technical); (6) “Au-
tomation (Enabler)” instantiated by Automated_Application_Life
_Cycle_M anegements implements ALM _Interface and the Auto-
mated_Infraestructure_management class; (7) “Transparency and
Sharing (Enabler)” instantiated by Team with skills/knowledge_
sharing = full_sharing; (8) “Continuous Measurements (Enabler)”
instantiated by Automated Application Life Cycle Manegements,
which implements ALM _Interface with continuous_monitoring();
(9) “Quality assurance (Enabler/outcome)” not instantiated, be-
cause in our theory, quality assurance is an outcome; (10) “segre-
gation of development and operations teams in a rigid silo structure”
instantiated by the Silo class with type = Organizational; (11)
“collaborative culture, removing silos and implementing a more direct
communication between the teams” instantiated by Silo with rype =
Cultural.

In general terms, our theory was able to instantiate most (> 90%) of
the constructs and relationships that the tested taxonomies define.

5.2. Clarity and precision

The constructs and propositions of a theory should be clear and
precise so that they are understandable, internally consistent, and free
from ambiguities. In our case, the definitions and descriptions of both
constructs and propositions have been expressed in UML and, in the
case of the propositions, also in OCL. The semantics of each of the
elements that appear in the UML/OCL diagrams are described in their
respective specifications (Object Management Group, 2017) and Object
Management Group (2014) (see also Rumbaugh et al. (2004)). Due
to the formal language applied, there is no room for ambiguity or
inconsistency, problems that would have been detected by the tool used
to draw the diagrams (starUML (MKLab, 2021)). It is worth mentioning
that the semantics of some of the operations/attributes defined in some
of the classifiers might be misleading. But, if we would like to clarify
them, this information would be artificially added from the researchers’
knowledge, since it is not reflected in the documentation analyzed.
In this sense, we limited ourselves to defining and characterizing the
elements that emerge in the theory only based on the data extracted
from the primary papers, trying not to include any extra knowledge.

5.3. Extent to which a theory has been validated.

According to Sjgberg et al. (2008), we must differentiate between
two terms: scope of interest and scope of validity of a theory. In our
case, the scope of interest was explained in . According to Sjgberg et al.
(2008), “The theory’s scope of validity refers to that part of the scope of
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interest in which the theory has actually been validated. The scope of
validity of a theory is the accumulated scopes of validity of the results
of the studies that have tested the theory, or the studies from which the
theory has been generated”. In our case, the scope of validity is the 10
primary papers we used to generate the theory.

5.4. The scope of the theory

In general, this concept refers to the fact that conditions must be
explicitly and clearly specified, so that the domain or situations in
which the theory should be (dis)confirmed and applied are clear. In
our case, the scope was set in and graphically depicted in Fig. 6.
Roughly speaking, the theory can be applied to organizations that adopt
DevOps culture and structure their teams to develop and operationalize
software systems.

6. Discussion and implications

This section converges the harmonized theory’s construction, its
alignment with the applied methodology, and the theoretical sensitivity
inherent to DevOps’ multifaceted nature.

6.1. Harmonizing taxonomies

The harmonized theory substantially relies on the frequency of
code occurrences across multiple documents and their co-occurrences
to establish relationships. These form the bedrock for constructing the
network and, ultimately, the taxonomy diagram or model.

In the “Select Core Categories” stage, refining and updating the
codebook based on density analysis, code co-occurrences, and deci-
sions from the disagreement diary are key activities. Codes with low
statistical significance are eliminated from the analysis. For example,
although the impact of containerization on continuous deployment
is well-established, the code “containerization” appeared in only one
document. It was deemed unrelated to direct DevOps team structures
and subsequently removed from the codebook and the final theory.

Notably, properties or codes that appear with reasonable frequency
and representative samples are included in the harmonized theory.
This criterion signifies that even if divergent or competing theories
arise within the same domain, they can be incorporated into the har-
monized theory, fostering a comprehensive perspective. However, the
“Select Core Categories” stage filters out unsound and poorly-defined
properties, including those exclusive to specific domains.

6.2. Evaluating our emerging theory

We instantiated three documents to evaluate our theory’s represen-
tativeness, resulting in a comprehensive assessment. Our model did
not cover two properties that emerged during the instantiation of D2*:
delivery performance and organization size. One was added to the core
property of “Siloed Departments”, while the other was included under
“Collaborating Departments”, highlighting the importance of quality
attributes in structuring properties.

Similarly, the instantiation of D7 highlighted challenges stemming
from stringent legal frameworks. This taxonomy diverged from ours
due to its specific technical enablers. While our theory may not encap-
sulate all nuances, ongoing steps aim to reinforce the theory through
practical implementation and rigorous testing.
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6.3. Theoretical sensitivity

The multidimensional nature of DevOps, encompassing both tech-
nical and social aspects, introduces the potential for bias or missed
concepts. In our study, diverse coders’ expertise enhances theoretical
sensitivity. The collaborative coding, ICA, and disagreement discussions
help identify concepts requiring further exploration, reveal agreements,
and signify theoretical saturation.

Engaging experienced researchers during validation broadens per-
spectives, revealing ambiguities and offering enhancements. This pro-
cess uncovers aspects not initially considered and mitigates biases intro-
duced by the leading authors. The interactive, collaborative, multistage
methodology minimizes bias in theory construction. The meticulously
structured methodology and tools like Atlas.ti for traceability provides
a solid foundation for readers to assess and validate.

7. Threats to validity, reliability, and limitations

Criteria for judging the quality of research designs are crucial to
establishing the validity, i.e., the accuracy of the findings, and the
reliability, i.e., the consistency of the procedures and the researchers’
approach (Yin, 2017; Creswell, 2003). We considered the quality cri-
teria defined by Lincoln and Guba’s (Lincoln and Guba, 1985) for
qualitative research, which we now discuss

Credibility is also referred to as trustworthiness, i.e., the extent
to which conclusions are supported by rich, multivocal evidence. The
strategy to mitigate this threat was to define quality criteria to doc-
ument inclusion in the research and consensus among researchers in
each iteration. Also, we considered both academic and gray literature.
The selection of documents was iterative and can be considered a
combination of: (i) “Convenience sampling” as we were restricted to
the little literature on the phenomenon to be studied. (ii) “Theoretical
sampling”, in the sense that we chose which data to collect based on the
concepts and categories relevant to the emerging theory. (iii) Finally,
“Maximum variation sampling”, in the sense that we tried to choose
highly diverse documents in our sample, strengthened our theory’s
transferability.

Aiming to select the most relevant data in gray literature (GL) from
the practitioners perspective, we established the following criteria to
select the GL database: excluding data sources whose purpose was to
share the developments and information about a particular company;
including data sources that present information and posts that present
structures, properties, methods, and challenges in adopting DevOps.

Resonance is the extent to which the study’s conclusions make
sense to (i.e., resonate with) the community. To test the proposed
diagram, we shared it with the author of one of the base works (not
involved in this study’s theory-building process) to instantiate and
check whether the theories presented in D1, D2*, and D7 could be
instantiated by our theory. The results and discussion were presented
in Section 5.1.

Transferability shows whether the findings could plausibly apply
to other situations. Data were iteratively gathered from a number of
papers (10) that is large enough to build a complete picture of the
phenomenon. This multiplicity is what provides the basis for theoretical
generalization, according to which the results are extended to cases that
have common characteristics and, hence, for which the findings are
relevant (Wohlin et al., 2012). Furthermore, as mentioned, our theory
is substantive in that the scope of validity refers to the ten primary
studies processed. Like any GT study, the result is only applicable
to the domain and context being studied, and therefore cannot be
assumed to be applicable to other contexts, or in general. However,
the theory developed could be transferable to evolutions of the DevOps
phenomenon, such as DevSecOps, by simply incorporating the security
aspect into the proposed taxonomy.

Usefulness refers to the extent to which a study provides actionable
recommendations to researchers, practitioners, or educators and the
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degree to which results extend our cumulative knowledge. We chose
a standard UML representation of the harmonized DevOps taxonomy
to guarantee readability across the community. The theory we built is
useful to better understand the DevOps phenomenon as well as to create
a common language for the entire DevOps community.

Dependability implies that the research process is systematic, well
documented, and can be traced. We recorded and made the entire
chain of evidence available by executing the proposed methodology in
a public repository. We versioned and documented the entire process
of the theory building.

Conformability assesses whether the findings emerge from the data
collected from cases and not from preconceptions. We have omitted
any interpretation of the data analyzed, even if this would lead to
ambiguities or vague interpretations (inductive approach). When ap-
propriate, we used abductive reasoning, i.e., the premise is considered
true and the most probable explanation is deduced (e.g. to explain
some phenomena in the section “Providing Explanations to justify the
Theory”).

Finally, qualitative reliability indicates that the researchers’ ap-
proach is consistent across different researchers and among different
projects (Creswell, 2003). The benefits associated with conducting col-
laborative qualitative analysis have been extensively reported in Hall
et al. (2005), Cornish et al. (2014), Richards and Hemphill (2018) and
include: (i) juxtaposing and integrating multiple and diverse perspec-
tives (Olson et al., 2016) (e.g., insider/outsider, academic/practitioner,
senior/junior, interdisciplinary and international perspectives (Cornish
et al., 2014)), which is often viewed as a way to counteract individual
biases (Olson et al., 2016) and enhance/increase credibility (Olson
et al., 2016), trustworthiness (Patton, 1999), and rigor (Dubé and Paré,
2003); (ii) addressing large and complex problems (Hall et al., 2005)
by effective management of large datasets (Olson et al., 2016); and
(iii) effective mentoring of junior researchers (Cornish et al., 2014).
In Patton’s words, “Having two or more researchers independently analyze
the same qualitative data set and then compare their findings provides an
important check on selective perception and blind interpretive bias” (Pat-
ton, 1999). However, collaborative qualitative analysis can also be
challenging, and time-consuming (Hall et al., 2005).

Limitations. As is common in any research methodology, our chosen
research methods have certain limitations. The initial limitation of
our study pertains to the number of papers available. Presently, few
works aim to elucidate DevOps team structures. It is important to note
that our study’s objective did not involve generalizing a phenomenon
observed within a sample to an entire population. Instead, we construct
a theory regarding a multifaceted phenomenon based on a collection of
observations obtained through theoretical sampling. Grounded Theory
does not lend itself to statistical generalization. Although the theory
we propose holds broad relevance, the specific context of individual
organizations may give rise to distinct perceptions and interpretations
of the DevOps phenomenon, consequently influencing their perspective
on the theory expounded within this paper.

8. Conclusion

Over the past few years, there has been particular interest in how
organizations structure their teams to adopt the DevOps culture and
practices. Hence, several authors have attempted to better understand
the organizational structure and characteristics of teams adopting De-
vOps (Shahin et al., 2017; Nybom et al., 2016a; Macarthy and Bass,
2020; Luz et al., 2019; Puppet and CircleCI, 2021). In fact, the au-
thors of this paper, who are now working together for the first time,
previously conducted two independent GT studies (Leite et al., 2021;
Lopez-Fernandez et al., 2021) and described several team structures
and how their characteristics impact the software delivery perfor-
mance. The novel work presented in this paper constructed a theory
that analyzes and maps similarities among existing team taxonomies in
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Fig. 11. Constructs and propositions.

the DevOps literature and proposes a model that harmonizes and ex-
plains these team structures and their common properties. This allows
managers to focus on the key constructs extracted from all the analyzed
taxonomies and define the structure best suited to an organization
context, being aware of the relationships between these constructs.

This theory has been constructed in an international and collab-
orative context by using a strict GT process that includes quanti-
tative measurements to improve the credibility, rigor, transparency,
and systematicity of this qualitative research. Although the effort in
collaborative coding was substantial (and time-consuming), we realized
that it is the way for different researchers (with different profiles,
contexts, training, culture, and theoretical sensitivity) to agree on a
shared understanding of the phenomenon under analysis.

The theory developed together with the taxonomies we analyzed
to develop it will allow us to carry out a reflection process. This
process would aim at answering which elements have originated the
differences in the existing taxonomies. The theoretical sensitivity of the
researchers, the context in which the research is carried out, and the
data collection and analysis methodologies are elements that influence
the theory. Furthermore, this work serves as a basis for future research
on developing a set of heuristics to help and guide companies to
transition to the DevOps culture. As part of our future works, we aim to
implement and assess our methodology in crafting theories pertaining
to a different field, such as MLOps. This approach will allow for a
comparative analysis of the resulting theories.
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