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Abstract Context: Software organizations have faced several challenges, such as the need for faster deliveries,
frequent changes in requirements, lower tolerance to failures, and the need to adapt to contemporary business mod-
els. Agile practices have allowed organizations to shorten development cycles and increase customer collaboration.
However, this has not been enough. Organizations should evolve to continuous and data-driven development in a
continuous software engineering approach. Continuous Software Engineering (CSE) consists of a set of practices
and tools that support a holistic view of software development with the purpose of making it faster, iterative, in-
tegrated, continuous, and aligned with business. Implementing CSE requires changes in the organization’s culture,
practices and structure, which may not be easy. Objective: We aim to provide a preliminary picture of CSE adoption
in Brazilian organizations. Method: We adapted and used Zeppelin, a diagnostic instrument of CSE adoption based
on the Stairway to Heaven Model (StH), to perform a survey with 28 Brazilian organizations aiming at investigating
the adoption of CSE practices. After conducting the survey, we interviewed five of the participants to complement
the obtained results and better understand how CSE has been performed in their organizations. Results: The survey
results indicate that organizations have better addressed agile and continuous deployment practices compared to
continuous integration and continuous experimentation practices. However, this scenario varies slightly depending
on the type of organization. They also show that CSE adoption has been heterogeneous, but there are patterns in
the adoption of some practices. The interview results showed that although the five interviewed organizations have
distinct CSE scenarios and perform different practices, some practices are common in all of them (particularly agile
practices) and some difficulties are faced by all of them (e.g., automated tests). Conclusion: Although the StH model
proposes a sequential and evolutionary path for CSE adoption, organizations have not always followed it system-
atically. There are indeed CSE practices that depend on others and thus contribute to sequential implementation.
However, organizations tend to adopt the practices gradually, covering different stages, and evolving according to

the organization’s needs. Moreover, different organizations perform CSE practices in different ways.
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1 Introduction

In the last years, it has been noticed that for producing
products that properly meet customers’ needs, making well-
informed decisions, and identifying business opportunities,
new practices should be combined with agile development
to enable continuous actions of planning, building, operation,
and evaluation (Fitzgerald and Stol, 2017; Barcellos, 2020).
Hence, organizations should evolve to continuous and data-
driven development in a continuous software engineering ap-
proach (Barcellos, 2020; Bosch, 2014).

Continuous Software Engineering (CSE) aims to establish
a continuous flow between software-related activities, taking
the entire software life cycle into account. It understands the
development process not as a sequence of discrete activities,
performed by distinct and disconnected teams, but as a con-
tinuous flow, considering the entire software life cycle. CSE
seeks to transform discrete development practices into more
iterative, flexible, continuous alternatives, and keep the goal
of building and delivering quality products according to es-
tablished time and costs (Fitzgerald and Stol, 2017). For that,
CSE involves agile practices and goes beyond them by em-

phasizing the need for continuity, alignment to business, and
a broader view of software development (Barcellos, 2020).

In this context, some initiatives have emerged aiming to
speed up the development process and improve the connec-
tion between its activities. For example, Continuous Integra-
tion (Beck, 2000) seeks to eliminate discontinuities between
development and delivery. In a similar approach, DevOps
(Debois et al., 2011) recognizes that the integration between
software development and system operation must be con-
tinuous. Extending the need for integration to other levels,
BizDev (Fitzgerald and Stol, 2017) advocates that continu-
ity should exist not only in the software process context, but
also between software and strategic processes of the organi-
zation.

CSE is a recent topic and there are still doubts about how
to implement it. Some works have addressed CSE and pro-
vided an overview of CSE stages, processes, activities, and
practices (e.g., (Olsson etal., 2012) (Johanssen et al., 2018)
(Fitzgerald and Stol, 2017) (Barcellos, 2020)). Although
these works provide useful knowledge, they are not enough
for organizations to identify which practices they should per-


https://orcid.org/0000-0003-4354-9418
mailto:paulo.junior@ifes.edu.br
https://orcid.org/0000-0003-2005-8288
mailto:fabianoruy@ifes.edu.br
mailto:fabianoruy@ifes.edu.br
https://orcid.org/0000-0002-7735-0899
mailto:omenam@ifes.edu.br
mailto:omenam@ifes.edu.br
https://orcid.org/0000-0002-6225-9478
mailto:monalessa@inf.ufes.br

A Preliminary Panoramic View of Continuous Software Engineering Adoption in Brazilian Organizations

form to implement a certain process or stage and how the
organization can evolve in the CSE journey. Considering
that, in (Santos Jr et al., 2021) we proposed a diagnostic
instrument called Zeppelin' to aid organizations in identify-
ing their position in the StH stages and planning a path to
be followed to achieve continuous and data-driven develop-
ment. Zeppelin helps identify the adoption degree of CSE
practices at each StH stage. In this way, organizations can
have a panoramic view of the CSE practices they perform,
identify where they are in the CSE evolutionary path, and
which practices should be improved. Zeppelin uses StH (Ols-
son et al., 2012) as a reference model and also considers Con-
tinuous™® activities defined in (Fitzgerald and Stol, 2017),
CSE elements and categories provided in the Eye of CSE
(Johanssen et al., 2018) and CSE processes constituting the
CSE framework proposed in (Barcellos, 2020).

In this work, we adapted and used Zeppelin to investi-
gate the adoption of CSE practices in Brazilian organiza-
tions. We performed a survey with 28 organizations aiming
to understand how CSE practices have been adopted and
how these organizations are positioned in the StH stages and
Eye of CSE categories. The results provided a preliminary
panoramic picture of CSE adoption in Brazilian organiza-
tions. After the survey, we interviewed five of the partici-
pants aiming to get further information about how CSE prac-
tices have been performed and complement the survey re-
sults.

In summary, the survey results revealed that organizations
have better addressed agile 2> and continuous deployment
practices than the ones related to continuous integration and
continuous experimentation. We also noticed that CSE adop-
tion depends on the organization type. For example, startups
tend to focus more on continuous delivery than organizations
that develop software for themselves (e.g., for other organi-
zational units of the organization). The results also showed
that organizations do not always follow the StH evolutionary
path systematically. Due to the agile and flexible software
development environment, organizations may perform prac-
tices from different stages while evolving from traditional to
continuous and data-driven development. Additionally, the
interviews revealed that, even in organizations with differ-
ent CSE scenarios, some practices remain common (e.g., ag-
ile practices). Similarly, the same challenges are faced by
different organizations (e.g., implementing automated tests).
Moreover, although there are commonalities, different orga-
nizations perform the same practices in different ways, ac-
cording to the organization’s characteristics, such as culture,
team, business goals, and products.

We did not find another study presenting a panoramic view
of CSE adoption in Brazilian organizations. This work brings
contributions to researchers and practitioners. Based on the
preliminary panoramic view of CSE adoption in Brazilian or-
ganizations, researchers can identify gaps to be addressed in
future research (e.g., develop tools, methods, and guidelines

IThe name Zeppelin was chosen because the diagnostic instrument al-
lows viewing an organization in a panoramic way, as if we were in a zeppelin
seeing a city. Besides, Led Zeppelin band created the Stairway to Heaven
song (Santos Jr et al., 2021).

2Given that we used Zeppelin as the instrument in this study, here agile
practices refer to the practices included in the Agile Organization stage in
Zeppelin (this will be further discussed in the paper).
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to support relevant practices that organizations have not been
able to perform). The preliminary panorama can also be con-
sidered to plan future research to support the improvement
and advancement of CSE in Brazilian organizations (e.g., in-
vestigate why organizations have not adopted certain prac-
tices). Practitioners, in turn, can obtain knowledge of CSE
practices and apply it to perform CSE. Moreover, they can
evaluate their own organizations to get to know how they
have applied CSE and which practices can be further ad-
dressed.

This paper is part of a larger research project that aims to
investigate and provide theoretical and practical advances in
CSE. The need to help organizations understand their sce-
nario concerning CSE practices and help them implement or
improve such practices was raised in (Barcellos, 2020). Later,
Santos Jr et al. (2021) proposed Zeppelin and evaluated it in
five organizations. After that, Santos Jr et al. (2022a) used
Zeppelin to investigate CSE in Brazilian organizations. This
paper extends the last one mainly by presenting additional
views and interpretation of data gathered in the survey and
the results from interviews performed with five participants
of the survey aiming to understand how CSE has been per-
formed in their organizations. By adding the interviews to
the paper, we complement the survey results and provide ad-
ditional (preliminary) evidence of how CSE practices have
been performed in Brazilian organizations. Moreover, we
complement the quantitative perspective of survey data with
the qualitative perspective of information gathered from in-
terviews.

The paper is organized as follows: Section 2 presents the
theoretical background for the paper by addressing CSE. Sec-
tion 3 discusses related work; Section 4 regards the research
design; Section 5 presents ans discuss the survey results;
Section 6 concerns the interviews; Section 7 presents some
lessons learned; Section 8 discusses threats to validity; and,
finally, Section 9 presents some final considerations and fu-
ture work.

2 Background

CSE involves practices and tools that aim at establishing an
end-to-end flow between customer demands and the fast de-
livery of a product or service (Fitzgerald and Stol, 2017).
According to Johanssen et al. (2018), in CSE, customers are
proactive, and users and other stakeholders are involved in
the process, learning from usage data and feedback. Planning
is continuous, so as requirements engineering, which focuses
on features, modularized architecture and design, and fast re-
alization of changes. Agile practices are employed, including
short development cycles, continuous integration of work,
continuous delivery, and continuous deployment of releases.
It includes version control of code, branching strategies, fast
commit, code coverage, and code reviews. Quality assurance
involves automated tests, regular builds, pull requests, audits,
and run-time adaption. Knowledge is shared and continuous
learning happens, capturing decisions and rationale.

As we said in the Introduction, in the last years, some
works have addressed CSE processes and practices. Olsson
et al. (2012) defined the StH Model, which describes a five-



A Preliminary Panoramic View of Continuous Software Engineering Adoption in Brazilian Organizations

stage evolution path organizations follow to successfully
move from traditional to customer data-driven software de-
velopment. In summary, organizations evolving from Tradi-
tional Development start by experimenting with one or a few
agile teams. Once these teams are successful, agile practices
are adopted by the organization, turning it into an Agile Or-
ganization (AO). As the organization starts showing the ben-
efits of working agile, system integration and verification be-
come involved and continuous integration is adopted. Once
Continuous Integration (Cl) runs internally, lead customers
often express an interest in receiving software functionality
earlier than through the normal release cycle. They want Con-
tinuous Deployment (CD) of software. The final stage is Re-
search and Development (R&D) as an Experiment System
(RD), when the organization collects data from its customers
and uses the installed customer base to run frequent feature
experiments to support customer data-driven software devel-
opment. Figure 1 presents an overview of the StH stages.

Conlinuous
Deployment
Continuous
Integration

Agile R&D
Organization
Traditional
Development

Figure 1. StH Stages.

From interviews performed with CSE practitioners, Jo-
hanssen et al. (2018) defined the Eye of CSE, which con-
sists of 33 elements (e.g., practices) organized in nine cat-
egories. According to the authors, the Eye of CSE can serve
as a checklist for practitioners to tackle the subject of CSE
by incrementally applying CSE elements and keeping an eye
on potential next steps. Figure 2 depicts the Eye of CSE.

Fitzgerald and Stol (2017) argue that continuous activi-
ties go beyond software engineering activities. They intro-
duce the Continuous* term, as a set of activities from busi-
ness, development, operations, and innovation that provides
a holistic view of the software life cycle. Continuous plan-
ning, continuous security, continuous use, continuous trust,
and continuous experimentation are some of the considered
Continuous™ activities. Figure 3 illustrates the Continuous *
activities.

Finally, Barcellos (2020) proposes the Framework of CSE
(FCSE), which comprises ten processes to be performed in
the CSE context (e.g., agile development, continuous inte-
gration, continuous deployment, continuous software mea-
surement, continuous knowledge management, and others)
and the main relations (information flows and data flows)
between them. Activities suggested in (Fitzgerald and Stol,
2017), elements from the Eye of CSE (Johanssen etal.,2018)
and StH stages were considered to define the framework. Dif-
ferent from StH, FCSE considers that processes can be per-
formed simultaneously and gradually. Figure 4 provides an
overview of the framework proposed by Barcellos (2020).

Santos Junior et al. 2025

3 Related Work

Some studies have investigated the use of CSE practices in
organizations. For example, Leite et al. (2019) performed
a survey to understand the use of DevOps in software orga-
nizations. As a result, the authors identified challenges (e.g.,
building cross-functional team, preserving collaborating de-
partments) and pillars (e.g., human collaboration across de-
partments, automation) to implement DevOps.

We consider the study by Karvonen et al. (2015) the one
most similar to ours. The authors used the StH Model and per-
formed a multiple-case study in five Finnish software devel-
opment organizations to understand how continuous devel-
opment was implemented. The results showed that organiza-
tions adopted CSE practices at different levels and there was
apredominance of practices performed at the project/product
level. As in our study, Karvonen et al. (2015) also used
StH as a reference model and evaluated at which level CSE
practices were adopted. However, different from (Karvonen
et al., 2015), which involves case studies in five Finnish or-
ganizations, our study consists of a survey with 28 organi-
zations and aims to provide a preliminary panorama of CSE
adoption in Brazilian organizations. Moreover, our study was
performed by using Zepellin (Santos Jr et al., 2021), which
is based on StH and other works ( (Fitzgerald and Stol, 2017)
(Johanssen et al., 2018) (Barcellos, 2020)) not considered in
(Karvonen et al., 2015).

There is also the work by Leite et al. (2023), which de-
scribes how DevOps and Continuous Delivery practices im-
pacted the enterprise architecture of 54 software organiza-
tions from different countries (Brazil, Canada, USA, and
Western Europe). The results showed that software organi-
zations organize their development and infrastructure work-
force in different organizational structures (Segregated De-
partment, Collaborative Department, API mediated depart-
ment, and single department) based on the applied DevOps
and Continuous Delivery practices. Although the study per-
formed by Leite et al. (2023) also investigates CSE aspects
in several organizations, the focus is different from our study,
which aimed to understand CSE adoption in Brazilian orga-
nizations.

4 Research Design

Aiming to investigate the adoption of CSE practices in Brazil-
ian organizations and to get a preliminary panoramic view
of CSE adoption in Brazil, we performed a survey. A survey
aims at identifying the characteristics of a broad population
by generalizing on the data collected from a representative
sample of individuals (Easterbrook et al., 2008). Surveys are
conducted to produce a snapshot of the situation to capture
the current status (Wohlin et al., 2012). We chose this method
because, as we aimed at a panoramic view, we needed to
reach several organizations and ask about many practices.
Hence, carrying out case studies, for example, would be un-
feasible.

This section presents information about the research de-
sign. It first introduces Zeppelin, the instrument used in the
study (Section 4.1), then discusses how Zeppelin was adapted
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to be used in the survey (Section 4.2), and, lastly, presents the
study protocol (Section 4.3).

4.1 Zeppelin: A Diagnostic Instrument for
CSE Adoption

Identifying the CSE practices an organization performs and
helping it advance in the CSE evolutionary path is a com-
plex and costly activity that involves understanding the or-
ganization’s culture and analyzing artifacts, processes, tools,
people, and other elements present in software development
(Santos Jr et al., 2020). Aiming to support organizations to
get a panoramic view of how far they have evolved CSE
practices and help them identify areas that should be ad-
dressed in improvement actions to implement CSE, San-
tos Jr et al. (2021) proposed Zeppelin. It is a diagnostic in-
strument made up of two components: a Diagnostic Ques-
tionnaire, which identifies the CSE practices an organization
performs and their adoption degree; and an Analytic Report,
which presents consolidated data from the questionnaire an-
swers, showing a panoramic view of the organization from
the CSE perspective and pointing out possible improvement
areas.

The Diagnostic Questionnaire contains questions to char-
acterize the organization profile and presents 76 statements
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Figure 4. Framework of CSE.

expressing CSE practices organized in four stages of the
StH model: Agile Organization (A0) (26 practices), Continu-
ous Integration (CI) (15 practices), Continuous Deployment
(CD) (17 practices) and R&D as an Experiment System (RD)
(13 practices). In a nutshell, Zeppelin considers four stages
that include statements referring to practices.

It is important to emphasize that Zeppelin is structured
based on the StH model. Thus, agile-related practices are not
all concentrated in the Agile Organization stage. For exam-
ple, practices related to CI are placed in the CI stage. There-
fore, in this study, “agile practices” refer to the practices con-
tained in the Agile Organization stage. Moreover, like in the
StH model, in Zeppelin, CI and CD refer to several practices
(e.g., Clinvolves code integration and other practices related
to the CI context). Hence, in Zeppelin and, consequently, in
this study, CI and CD are treated as stages (involving several
related practices) instead of single practices.

In Zeppelin, the CSE practices are also categorized con-
sidering the Eye of CSE (Johanssen et al., 2018) dimen-
sions (categories and elements). The practices were identi-
fied based on the literature (mainly on (Barcellos, 2020),
(Fitzgerald and Stol, 2017), (Johanssen et al., 2018), and
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(Olsson et al., 2012)) and on the authors’ practical experi-
ences.

The questionnaire is used to evaluate which practices have
been adopted in the organization and to understand how com-
prehensive their adoption has been. When applying Zeppelin,
for each practice, the user must indicate the level at which it
is adopted in the organization. The adoption levels were de-
fined based on (Olsson et al., 2012) and are used to capture
the comprehensiveness of each practice in the organization
and help monitor its evolution. The Not Adopted level is used
to identify practices that the organization has never used. The
Abandoned level refers to practices that were discontinued.
The Project/Product level is used to identify practices not
formalized in the organization and used only in a particular
project or product. The Process level indicates that the prac-
tice is formally defined (e.g., by means of procedures, guide-
lines, business processes, policies) but the team can decide
whether to apply it in a project. Finally, a CSE practice is
said to be performed at the Institutionalized level when it is
formally defined and used in all projects.

The adoption degree of each stage (AD) is represented as
a percentage and is established by calculating the weighted
average of the adoption level (AL) of all practices of that
stage (i.e., practices 1 to n, where n is the number of prac-
tices related to the stage). Thus, ADgqqe = (Weight x
ALpracticel +..+ WEIth X ALpracticen)/n) X 100) The
weights of the adoption levels vary from 0 (zero) (referring
to the Not Adopted level) to 1.0 (referring to the Institution-
alized level). Figure 5 presents a fragment of Zeppelin’s Di-
agnosis Questionnaire (Santos Jr et al., 2021).

The Analytic Report consolidates data from the answers
provided in the Diagnostic Questionnaire and presents a
panoramic view (by using tables, charts, and text) of CSE
practices adoption in the organization by considering three
different perspectives: (i) per StH stage (Olsson et al.,
2012) (i.e., Agile Organization, Continuous Integration, Con-
tinuous Deployment, and R&D as an Experiment System);
(i1) per Eye of CSE (Johanssen et al., 2018) dimension
(i.e., Deployment, Quality, Software Management, Team,
Technical Solution, Knowledge, Operation, Business, and
User/Customer), and (iii) per Eye of CSE (Johanssen et al.,
2018) element (33 elements, e.g., Agile Practice, Automated
Tests, Continuous Deployment Releases, and Continuous
Learning). Each CSE element is related to one CSE dimen-
sion. By analyzing the different perspectives, the organiza-
tion identifies its strengths and weaknesses and can define
improvement actions accordingly. Figure 6 illustrates some
pieces of information contained in the Analytic Report.

4.2 Adapting Zeppelin

We needed to adapt the version available in (Santos Jr et al.,
2021) to make it feasible to apply it in the study. The Zeppelin
version proposed in (Santos Jr et al., 2021) is available as
an electronic spreadsheet. To automatize data collection, we
turned it into a form using Google Forms. The form contains
a consent term, in which participants declare to accept to par-
ticipate in the study, and seven sessions: Organization, with
questions to characterize the organization (e.g., organization
type and size); User, to characterize the person answering
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the questionnaire on the organization’s behalf (e.g., position,
knowledge and experience in CSE practices); and four ses-
sions concerning StH stages. We rewrote some statements
and rearranged the order in which they appear in the ques-
tionnaire to make them clearer and improve user experience
when answering it. We also turned some sentences into one.
As aresult, we reduced from 76 to 71 statements (26 referring
to AO, 15 to CI, 17 to CD, and 13 to RD).

We also created a simpler version of the Analytic Report.
The report proposed in (Santos Jr et al., 2021) is produced
as a result of the evaluation of a single organization. It is
detailed and depends on human intervention. Considering
that in this study we needed to reach several organizations,
it would be unfeasible to produce a detailed report to each
of them. Hence, we created a simpler automatic report that
summarizes the information provided in the questionnaire.
Table 1 presents some statements in the Diagnostic Question-
naire of the Zeppelin version used in the survey.

4.3 Study Protocol

Aligned with the study goal, we defined the following main
research question: (RQ!) How has CSE been adopted in
Brazilian sofiware organizations?. This question has the pur-
pose of giving a general view of CSE adoption in Brazilian
organizations. In this study, StH stages and Eye of CSE cate-
gories are used to provide the general view considering differ-
ent perspectives. We considered these perspectives because
they are addressed by Zeppelin (Santos Jr et al., 2021).

From this question, we defined other two questions to com-
plement the general panorama by investigating some specific
aspects that are not directly addressed by Zeppelin, but that
can be explored from data collected using its questionnaire
and are helpful to understand CSE adoption: (RQ2) How
have different types of organization adopted CSE?, (RQO3)
Which repeatable behaviors have happened in CSE adop-
tion?. With RQ2 we intend to investigate differences in CSE
adoption due to the organization type. With RQ3 we seek to
identify possible patterns of CSE adoption (e.g., correlated
practices that tend to be all adopted or all not adopted).

The instrument used in the study was Zeppelin, which
was adapted as described in Section 4.2.

The procedure followed in the study consisted of seven
steps. In the first step, we ran a small pilot to evaluate the
form and the study protocol. We asked two software engi-
neers with experience in CSE to answer the questionnaire
and report problems, suggestions, and response time. Based
on the provided feedback, we made minor adjustments. In
the second step, we sent messages inviting people from dif-
ferent organizations to participate in the study. The invitation
was sent via social networks (LinkedIn, WhatsApp, and In-
stagram) and email. Considering that the questionnaire was
quite long, it was possible that people were not willing to
answer it. Thus, we contacted some researchers and practi-
tioners from our contact network (including people from the
five Brazilian regions) and asked them to participate in the
study or indicate organizations that we could invite. The third
step consisted of gathering data from the answered question-
naires, representing them in tables and graphs, and analyzing
them. In the fourth step, we sent the analytic report to each
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2 Statement Adoptiont cvel are or, if don't, what the
CL.OL |The software architecture is modular in order to allow automated testing. -
C1.02 [The software architecture is modular in order to allow automated builds. S d e

C1.03 |Code is constantly and automatically integrated.
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C1.0S |Automated tests are used to assess whether the implemented software meets established requirements.

C1.06 (Builds occur frequently and automatically.

CL.07 |Builds are canceled if one or more tests fail

C1.08 [There is version control of software artifacts (e.g., code, tests, scripts, etc.) in a repository.

€109 |Good check-in practices are applied in the development trunk (e.g., use of tools like GitFlow).

There are practices that allow organizations or individuals external to the project to contribute to the product implementation (i.e., produce and integrate

€110 | ode into the product being developed)

Data is collected for metrics that allow evaluation of the continuous integration process (e.g.,number of canceled builds, number of code integrations

CL11 | performed).

criz
data repository.

Data produced in continuous integration environments (e.g., build dates, number of tests executed, and percentage of coverage) are stored in one (or more)

C1.13 |The continuous integration process (including automated testing) is continuously evaluated and improved.

Inform the adopted practices:

C1.14 |Data stored in the data repository(ies) are used to improve the product and the continuous integration process.

Inform some used metrics:
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Figure 5. Fragment of the Diagnosis Questionnaire with practices related to Continuous Integration (Santos Jr et al., 2021).
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Figure 6. Fragments of the Analytic Report (Santos Jr et al., 2021).
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Table 1. Examples of statements related to StH stages defined in the Diagnostic Questionnaire of Zeppelin

StH Stage Statement

A0.04 Requirements are defined and prioritized according to customer needs and are
periodically reviewed.

AO.05 The scope of the project is defined gradually, using the Product Backlog (or an
equivalent artifact).

AO0.08 The development process is agile, being carried out iteratively, in short cycles, in
which product requirements defined in a Product Backlog (or equivalent artifact)
are selected, recorded in a Sprint Backlog (or equivalent artifact), and developed.

AO.15 Frequently the team meets and reflects on development progress within the scope
of what was defined for the current time box and adjusts tasks if necessary.

AO.17 The team meets frequently throughout the project to discuss improvements in
team member skills (e.g., in retrospective meetings).

A0.20 Good testing practices (e.g., automated testing) are adopted.

AO.21 Data is collected for metrics that allow evaluating aspects of the quality of the
produced artifacts and the product (e.g., cyclomatic complexity).

A0.22 Data is collected for metrics that allow evaluating performance aspects of the
agile development process (e.g., work in progress, velocity).

Agile Organization

CI.02 The software architecture is modular to allow automated builds.

CI.03 Code is integrated constantly and automatically.

CI.06 Builds occur frequently and automatically.

CI.08 There is version control of software artifacts (e.g., code) in a repository.

CI.10 There are practices that allow organizations or people external to the project to
act on the implementation of the product.

CIL.11 Data is collected for metrics that allow evaluating the continuous integration pro-
cess (e.g., number of canceled builds, number of performed code integration).

CI.14 Data stored in the data repository(ies) is used to improve the product and the
continuous integration process.

Continuous Integration

CD.03 There is a continuous deployment process by releases.

CD.07 Customers can test the product as soon as new features are deployed.

CD.08 The organization’s business model is constantly evaluated and revised (when nec-
essary) based on information from customers/consumers.

CD.09 Marketing strategies are constantly evaluated and revised (when necessary) based
on information from lead customers (clients/consumers most relevant to the orga-
nization).

CD.10 Sales strategies are constantly evaluated and revised (when necessary) based on
information from lead customers.

CD.11 Alignment between product development and the organization’s business is main-
tained through continuous checks, in short cycles.

CD.13 Datais collected for metrics that allow evaluating the continuous delivery process.

CD.16 Data stored in the data repository(ies) is used to improve the product and contin-
uous delivery process.

CD.17 Actions are carried out to share knowledge related to continuous delivery (e.g.,
internal lectures, tutorials, knowledge repositories, implementation of guilds).

Continuous Deployment

RD.05 Experiments (e.g., A/B tests) are conducted with customers/consumers to im-
prove products.
RD.06 Technologies are adopted (e.g., cloud technologies) to allow experimentation to
be enhanced.
RD.08 There is an information flow between the strategic level and the development
area, allowing customer/consumer data to be used in an aligned way in making
technical and business decisions.
tem RD.09 Data from the customer/consumer data repository is used in decision-making by
the software development area.
RD.10 Data from customer/consumer data repositories are used in decision-making by
the business area.
RD.12 The process of continuous experimentation is continually evaluated and im-
proved.

R&D as an Experiment Sys-
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study participant. In the fifth step, we invited the survey par-
ticipants for an interview to better understand how CSE prac-
tices have been applied in the respective organizations. We
sent the invitations by email. In the sixth, we interviewed the
participants who accepted our invitation. In the seventh and
last step, we analyzed information obtained from the inter-
views. The form used in the study is in the study package
available in (Santos Jr et al., 2022b).

The participants of the study were people with knowl-
edge of and experience in CSE (but not necessarily experts)
and who work in Brazilian organizations that perform CSE
practices.

5 Using Zeppelin to Investigate CSE
Adoption

This section presents the survey and its main results. Sec-
tion 5.1 concerns the survey execution and summarizes the
results, while Section 5.2 discusses the results

5.1 Survey Execution and Results

The Zeppelin questionnaire was made available in March
2022 and data was collected until late April 2022. The study
involved 28 participants from different Brazilian organiza-
tions. All the received forms were completely answered. We
wanted to get one participant by organization in the study.
When contacting people from our network, we informed
them that we needed one person to participate in represent-
ing the organization. However, as we invited people by us-
ing different channels, we could not avoid people from the
same organization answering the questionnaire. Even so, all
the answers we received were from participants represent-
ing different organizations. In fact, two participants were
from the same company (the same company “name”) but
they worked in different branches, located in different states,
and that work independently and in different ways. Thus, for
the study purposes, we considered them as different organi-
zations.

The organizations’ profile was identified through ques-
tions regarding its type, number of employees, and geo-
graphic region. Regarding types, 43% are Organizations with
an IT Department (i.e., organizations that have IT depart-
ment(s) to produce software and services for supporting the
business), 32% are Startups (organizations that have a re-
peatable and scalable business model), and 25% are Software
Houses (i.e., organizations that develop software for other or-
ganizations). Considering size, 7% of the organizations have
between 1 and 9 employees, 18% have between 10 and 49
employees, 11% have between 50 and 99 employees, and
64% have more than 99 employees. As for location, most
organizations (61%) are in the Southeast region, 11% in the
South, 11% in the North, 11% in the Northeast, and 6% in
the Midwest, covering the five Brazilian geographic regions.
Table 2 summarizes the organizations type, size, and region.

The study participants are professionals with knowledge
of'and experience in CSE. The participants’ profile was iden-
tified through questions regarding their current job positions,
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Table 2. Organizations type, size, and region.

Type Quantity %
Organization with an IT Department 12 43%
Software House 7 25%
Startup 9 32%
Size Quantity %
Between 01 and 09 employees 2 7%
Between 10 and 49 employees 5 18%
Between 50 and 99 employees 3 11%
More than 99 employees 18 64%
Region Quantity %
Midwest 2 6%
North 3 11%
Northeast 3 11%
South 3 11%
Southeast 17 61%

educational level, knowledge of CSE, and practical experi-
ence in CSE. Most participants (64%) declared to play roles
directly related to software development projects (three par-
ticipants are Product Owners, two are Scrum Masters, seven
are Tech Leaders, three are Project Managers and, three are
Developers), while 36% play roles related to business man-
agement (three are Managers and seven are Directors). As
for education, two participants (7%) have a Ph.D. degree, 11
(40%) have a Master’s degree, and 15 (53%) have a Bache-
lor’s degree.

The participants were asked about their knowledge of and
practical experience in CSE. Thus, the knowledge and expe-
rience levels were declared by the participants. The answers
were given to each StH stage. A brief explanation of each
stage was provided for the participants, so that they could
properly answer the question. Table 3 summarizes the results.
Concerning knowledge, none means that the participant does
not know the subject; low means that knowledge was ob-
tained from reading materials or through a short course (up
to 4 hours); medium means that knowledge was obtained in
undergraduate projects or a course lasting more than 4 hours;
high means that the participant is a specialist in the subject
(e.g., is certified by some renowned institution, is author of
a master or doctorate research on the subject). Regarding ex-
perience, none means that the participant has never worked
on the subject; low refers to up to 1 year of experience on
the subject; medium refers to 1 to 3 years of experience; and
high to more than 3 years of experience. In the following, we
present a data synthesis for each research question.

Table 3. Participant’s knowledge and experience.

Item Level AO C(CI CD RD

Knowledge None 0 1 0 5
Low 1 4 6 6
Medium 15 12 10 12
High 12 11 12 5

Experience None 0 2 1 8
