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ABSTRACT

Continuous software engineering (CSE) emerged as a process that
is increasingly applied by practitioners. However, different percep-
tions of CSE among practitioners might impede its adoption in
industry. We aim to support practitioners by giving a comprehen-
sive overview of current CSE practices. Our observations provide
guidance for practice on how to establish, assess, and advance
CSE in their company. We conducted an interview study with 24
practitioners from 17 companies during 20 interviews. Following
a semi-structured approach, we asked for their definition of CSE,
most relevant elements for CSE, their experiences, and plans for
further additions to their CSE process. From the practitioners’ state-
ments, we identified five perspectives on CSE and found tool- and
methodology-driven definitions most prevalent. Automated tests,
involved users, and a shared ruleset are perceived as most relevant
for CSE. Practitioners’ positive experiences with CSE are more fre-
quent than negative ones; however, more than half of the responses
were neutral. Practitioners’ future plans focus on enhancement,
expansion, and on-demand adaption of current practices. We con-
clude that CSE remains partially difficult to capture for practitioners.
Therefore, we structure CSE in a model, the Eye of CSE.
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1 INTRODUCTION

Continuous software engineering (CSE) bundles activities, such as
continuous integration and delivery, to enable continuous learning
and improvement by frequently iterating on software increments
[2, 4]. This classifies CSE as a software engineering process [5].

Krusche and Bruegge address the need for a formal description
of the continuous aspects of CSE to enable its adoption in real
world settings [9]. Similarly, researchers highlight challenges in
the introduction and enhancement of CSE in companies [14, 21].
Practitioners need a starting point in order to approach CSE, since
they might lack insight into interrelationships, potential risks, and
challenges [15, 16]. Comparing their CSE process with what other
companies have implemented allows practitioners to assess their
own progress. Likewise, practitioners can benefit from guiding
principles to establish CSE in their company [4].

In order to provide such guidance, we conducted 20 interviews
with 24 practitioners from 17 companies between April and Sep-
tember 2017. We studied various aspects that are related to CSE,
e. g., how companies understand CSE or how they utilize usage and
decision knowledge. Our overall goal is the integration of usage
and decision knowledge in CSE to support software evolution [6, 7].
For this paper, however, we focus on results regarding the general
perception of CSE by practitioners in the industry.

The contribution of our work is threefold. First, we report on
study data that provides insights into the characteristics of compa-
nies, practitioners, as well as projects in the context of CSE. Second,
we describe a set of 19 observations that are derived from practition-
ers’ responses. The observations detail practitioners’ perspectives
on CSE, elements of CSE perceived most relevant, CSE experiences,
and strategies for implementing future plans for CSE. Third, we
introduce and discuss a model to describe the components of CSE—
the Eye of CSE. The model contains CSE elements and categories,
highlights relations among them, and aims to support practice.
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This paper is structured as follows. Section 2 describes how we
derived CSE elements and categories. We introduce our research
questions in Section 3 along with the applied research method.
Section 4 provides descriptive statistics regarding companies, prac-
titioners, and projects. Major observations of the interview study
are presented in Section 5. We discuss our observations in Section 6
by describing the Eye of CSE and elaborating on threats to the va-
lidity of our study. In Section 7, we provide an overview of similar
studies in the context of CSE. Section 8 concludes the paper.

2 CSE ELEMENTS

We examined the Stairway to Heaven by Bosch et al. [2] and the
work by Fitzgerald and Stol [4] to acquire a preliminary list of char-
acteristics that are typical for CSE. We refer to them as CSE elements,
which we classify into six CSE categories as listed in Table 1.

Table 1: CSE elements and categories derived from [2, 4].

CSE Categories CSE Elements

Involved users and other stakeholders; learning

User .

from usage data and feedback; proactive customers

Agile practices; short development sprints;
Software & X P . . P p

continuous integration of work; continuous
Management . .

delivery; continuous deployment of releases

Continuous planning activities; continuous

requirements engineering; focus on features;
Development q . g' & .

modularized architecture and design; fast

realization of changes

Version control; branching strategies; fast commit
Code .

of code; code reviews; code coverage

. Automated tests; regular builds; pull requests;

Quality . . & . P q

audits; run-time adaption

Sharing knowledge; continuous learning; capturin
Knowledge & & & cap &

decisions and rationale

The frequent involvement of users is a major concept in CSE.
Thus, we introduced user as a CSE category that refers to both
customers who commissioned a project and end-users. Software
management includes practices concerning the overall software
process. The development category is composed of more specific
development activities, such as requirements engineering and de-
sign excluding implementation and quality assurance. The code
category includes implementation-related practices, such as version
control and branching strategies. We bundled activities such as audits
and pull requests in the quality category. The knowledge category
collects practices supporting the overall knowledge management.

We acknowledge that the allocation of elements to categories
is not always straightforward. For instance, we consider arguably
technical practices, such as continuous delivery, under software
management, in order to highlight their impact on the overall CSE
process. Similarly, we include code reviews in the code category
to emphasize their operational character, while pull requests, i. e.,
merging code, are viewed as quality-related tasks. We refined the list
of CSE elements and categories based on the interview observations
and discuss the issue of ambiguities in Section 6.
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3 STUDY DESIGN

This section describes our research questions and research method.

3.1 Research Questions

The overall goal of this interview study is to understand how com-
panies apply CSE during software evolution. From this goal, we
derived the following four research questions.

RQ1: How do practitioners define CSE? With this core question,
we intend to learn about practitioners’ perception of CSE. Further,
we want to know whether practitioners define a threshold that
needs to be passed before a company can claim to practice CSE.

RQ2: Which CSE elements are perceived as most relevant
by practitioners? To understand the perception of CSE in more
detail, we asked the practitioners about the three CSE elements
most relevant to them. In addition, we collected applied tools.

RQ3: What are practitioners’ experiences with CSE? With this
research question, we want to reveal positive, neutral, and negative
experiences with the CSE elements. This is of particular interest
for companies that plan to adopt them as well.

RQ4: What are practitioners’ future plans for CSE? We asked
for planned additions in the short and long term in order to under-
stand trends of future CSE elements adoption.

3.2 Research Method

We performed a semi-structured interview study [13, 17] and or-
ganized our study into the three phases design and planning, data
collection, and data analysis. Each phase is described subsequently;
the first two authors were equally involved in each of the phases.

3.2.1 Design and Planning. We conducted a semi-structured
interview study, since we focus on knowledge that resides in the
minds of practitioners rather than in documents [17]. Furthermore,
interviews allowed us to clarify problems right away and collect
more information from the practitioners. We prepared a question-
naire containing descriptive data questions and interview questions
derived from the research questions. The questionnaire contained
six open questions that included sub-questions to further stimu-
late verbose answers by the practitioners. Figure 1 states example
questions. We actively encouraged the interviewees to give detailed
answers. We planned 90 minutes for the interview, which included
research questions that are not further addressed in this paper.

We assembled a list of companies who to our knowledge apply
the majority of our preliminary collection of CSE elements (Ta-
ble 1). We formulated a template request mail for scheduling an
interview. We attached a slide deck sketching the CSE elements and
categories. We asked interview partners to agree to the interview
only, if they have worked in at least one project that applied the
majority of the CSE elements. We did not restrict interview partners
by role descriptions. However, we provided examples of roles that
we preferably address, e. g., developer or project manager.

Since two authors conducted the interviews simultaneously, we
set up an interview guideline to ensure comparability. Besides the in-
terview questions, the guideline comprised remarks to increase the
questions’ understandability. We run two dry runs with colleagues
who have industry experience to practice the interview procedure.
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3.2.2 Data Collection. We sent the interview requests to 22
companies, of which 18 replied. The first two authors conducted 19
interviews between April and June 2017 and one additional in Sep-
tember 2017. Half of the interviews were conducted in person; the
others via phone. Descriptive data about the study participants are
provided in Section 4. The interviews took 70 minutes on average
and were audio-recorded with the permission of the interviewees.
We transcribed the audio recordings and sent the transcripts to
the interviewees to correct misunderstandings. We guaranteed
anonymity of practitioners by only publishing aggregated results.

3.2.3 Data Analysis. Two authors of this paper analyzed the
transcripts [18]. As shown in Figure 1, we used a qualitative data
analysis software to apply two stages: one to allocate answers to
research questions and one to code CSE elements. The allocation to
research questions was made at sentence-, the coding at word-level.

Interviewer ‘ Are you satisfied with your current CSE implementation?
Question

Do you plan any extension? If so, which?

Practitioner ‘ We stru?ﬂ@to enable @ontinuous deployment)for our

Answer product.|We work on (this) and on(user feedback) .

Figure 1: An example interview extract. Practitioners’ an-
swers may refer to multiple RQs (red), while these in turn
may contain multiple occurrences of CSE elements (blue).

For the first stage, i. e., allocating answers to research questions,
both authors analyzed a single interview to measure the intercoder
reliability; representativeness and completeness were criteria for
choosing the interview. One author found 85 answers related to
the four research questions, the other 77. Given the total number
of 162 instances, the authors matched in 134 and mismatched in
28, leaving a result of 82.72 % in equally allocated answers. The
28 mismatched instances were jointly discussed and resolved by
mutual consent. The discussion necessary for this purpose strength-
ened the shared understanding of the authors. We observed that
almost all mismatches were caused by a missing allocation, not by
the allocation to different research questions. In case of doubt, we
agreed on allocating multiple research questions to an answer to
prevent information loss. The allocated interview answers form
units for the coding stage. After the allocation, we updated our ini-
tially elected list of CSE elements in Table 1, based on the insights
we derived from the answers. The updated collection is presented
in Section 6.1, along with the rationale for the applied changes.

The second stage covered the coding of answers to research
questions using codes for every CSE element from the updated
collection. This was done manually, since searching for keywords
is insufficient, given that practitioners use varying formulations
to describe the same aspect. For instance, in Figure 1, this refers
to the CSE element continuous deployment, leaving the decision to
add a code up to the author. Occasionally, the authors had to decide
which code to use based on the context. We practiced the coding
and agreed to prefer to code an instance if in doubt. Each author
coded their own interviews. We analyzed the results quantitatively
(Figure 3 and 4) and collected qualitative answers to identify emerg-
ing themes, as described in Section 5. An initial version of this paper
was sent to the interviewees to validate the interview results.
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4 DESCRIPTIVE STUDY DATA

We report descriptive data about the companies, practitioners, and
projects that were analyzed. Figure 2 visualizes a summary of the fol-
lowing subsections. Overall, we interviewed 24 practitioners from
17 companies during 20 interviews. One company was interviewed
twice, another one three times. We aimed for a diverse composition
of interviews through companies varying in size, practitioners of
different roles, and projects from various domains.

4.1 Companies

Four companies (24 %) are considered as small and medium-sized
enterprises! (SME), which means a maximum staff headcount of
250. We call the remaining 13 companies corporations, while they
could be further categorized in companies of up to 2.000 (8), around
50.000 (2), and 100.000 or more employees (3). We report the overall
number of employees, since we assume that the CSE process is not
limited to a specific role from the development team.

Seven (41 %) of the interviewed companies offer consultancy ser-
vices, mostly to other business, while ten (59 %) companies develop
software products for the consumer and business markets.

4.2 Practitioners

Based on their role description, we grouped the 24 practitioners into
five categories: CSE specialists (21 %), a role with a reference to CSE,
e.g., a continuous deployment manager or a DevOps engineer, de-
velopers (25 %), project managers (25 %), a role with project-focused
responsibilities, and technical leaders (25 %), a role with technical-
focused responsibilities; one practitioner reported as an executive
director. On average, the practitioners spent two years in the respec-
tive role. All practitioners hold a Bachelor or Master degree with
three-quarters in a field in or close to computer science. With one
lacking response, on average, 23 practitioners have an experience
in IT projects of 10 years and participated in 19 IT projects.

We asked the practitioners whether they see themselves in one
of the following three roles: using, defining, or planning CSE. Prac-
titioners in a using role frequently apply and benefit from CSE, e. g.,
developers who regularly commit code. Practitioners in a defining
role set rules on how CSE elements are applied, e. g., whether a code
integration is triggered by an event, such as a commit, or on an
hourly basis. It is the responsibility of a planning role to think ahead
and take future addition to a CSE environment into consideration.
Many practitioners saw themselves in multiple roles: 14 using, 15
defining, and 14 planning. Seven practitioners reported to adhere to
all three roles—I am everything or straight through. Six other practi-
tioners grouped themselves into two roles at the same time: In one
role, they collect knowledge regarding a CSE element and in the
other role they share it with other practitioners. Six practitioners
adhered to a single role only. Two developers saw themselves solely
in a using role; a project manager and a CSE specialist classified
themselves in a defining and planning role, respectively. Two other
practitioners did not see themselves in one of the three roles pro-
vided. They and a third practitioner proposed an additional role:
promoting. This role pushes CSE efforts forward, in particular in
situations in which it does not appear reasonable from a time or
cost perspective—but would pay off in the long run.

http://ec.europa.eu/growth/smes/business-friendly-environment/sme- definition
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Project is cross functional?
6 6

HmYes

6 5
Project’s software type
EBespoke

Off-the-shelf
= Both

Figure 2: Descriptive data of the interview study: 24 practitioners from 17 companies were interviewed on 20 projects. In each
interview, the practitioners related their answers to one particular project; four interviews were attended by two practitioners.

4.3 Projects

For each interview, we asked the practitioners to select one project
that they are currently working on or which contains several CSE
elements. On average, 20.25 employees work in a project, for SMEs
10.0 and for corporations 22.81. Eleven practitioners (64.71 %, in-
cluding all SMEs) consider their project as cross functional, e. g.,
involving several other stakeholders from within the company,
such as marketing professionals to represent the users. Notice that
practitioners from all four SMEs stated a cross functional project
structure. Three-quarters (15) of the projects develop bespoke soft-
ware, e. g., custom software. Three projects (all by SMEs) develop
commercial off-the-shelf software; two projects target both types.
We asked the practitioners, if their projects and the way they have
to be approached need to comply with any legal, security, medical,
or environmental factors; every second practitioner confirms this.
However, some practitioners referred to the rules for the product,
rather than the project.

5 STUDY RESULTS

We illustrate the results of our quantitative analysis of CSE elements
and categories mentioned in the interviews in Figures 3 and 4. They
relate to the model in Section 6.1. The following subsections address
the research questions based on both figures: At the beginning of
each subsection, we answer a research question and then provide a
more detailed analysis by stating several observations.

5.1 Practitioners’ Definition of CSE

Although multiple CSE elements have been applied for decades, the
term CSE only emerged in recent years. We asked the practitioners
how they define CSE. We plot the individual results in Figure 3.

RQ1 — How do practitioners’ define CSE? We found that
the practitioners’ definitions of CSE are mainly driven by
CSE elements from the software management category, i. e.,
continuous integration of work (9), agile practices (8), and
continuous deployment of releases (8). Further, CSE elements
from the development and user category were mentioned
repeatedly. Based on the responses, we identified five different
perspectives on CSE that influence the definition of CSE;
namely a tool (5.1.1), methodology (5.1.2), developer (5.1.3), life
cycle (5.1.4), and product management (5.1.5) perspective.

Out of the 24 practitioners interviewed, slightly more than half
(54 %) were using the term CSE as part of their active vocabulary.
About two thirds (66 %) of all interviewees gave a definition of their
understanding of CSE. Notably, 75 % of the interviewees in SMEs
both gave a definition and actively used the term CSE. In general,
these numbers support an uneven adoption of the term CSE among
practitioners. For some practitioners, CSE is still ambiguous. They
describe it as fuzzy, abstract, and lacking a distinction.

5.1.1 Tool Perspective. Practitioners, i. e., six developers and
CSE specialists, make use of tool descriptions when defining CSE.
Their descriptions are built on statements such as in that regard,
company A provides tool B, or after introducing tool C, we were able
to accomplish element D, or we are currently looking into tool E of
company F. Four practitioners explicitly highlight that it is a well-
chosen tool chain that enables CSE. In their opinion, the successful
accomplishment of the steps availability, integration, and usage of
tools allow a company to claim to be implementing CSE.
Observation 1 Practitioners, in particular developers and CSE spe-
cialists, rely on a tool-driven approach for defining CSE. Commercially
available tools influence their understanding of CSE.

5.1.2  Methodology Perspective. In more than half of the inter-
views, practitioners cite a methodological perspective to define CSE.
They emphasize a focus on short iterations and feedback.

Not mentioning specific tools, many practitioners highlight the
importance of how the tools are applied. For instance, a sophis-
ticated branching strategy should be preferred, instead of the ex-
haustive use of capabilities a version control system might offer. A
state of on-going iteration should be reached, in which each commit
leads to a finalized product. Different elements, such as continuous
integration or agile practices, are applied to achieve a high level of
automatization. Notably, some practitioners reflect on the combi-
nation of multiple CSE elements to achieve synergy effects. This
implies that their perspective takes the impacts of CSE on other
areas, such as the management of requirements, into account.

Observation 2 Practitioners define CSE from a methodological per-
spective that aims for short iterations during software evolution. This
perspective relies on well-defined steps in tool usage, workflows, and
procedures. Every step is designed to enable a seamless workflow from
a single commit until its finalization in form of a build.
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Figure 3: How often is a CSE element mentioned regarding a research question? Yellow bars indicate the number of interviews
in which the respective CSE element was used for defining CSE (RQ1). Blue bars indicate practitioners’ tendency towards
relevant elements for CSE (RQ2). Green bars indicate CSE elements intended as future additions. Answers were summarized
as one interview, in case multiple practitioners participated at the same time. The CSE elements are headed by their categories.

Several practitioners mention the importance of instant feature
visibility to users. This enables constant retrieval of user feedback
on the latest releases and more iterations with input from outside
are performed. One practitioner advocates that every CSE process
should be designed in accordance with the goal of matching cus-
tomers’ requirements through the implementation of short feedback
loops. Another practitioner advises the collection of feedback as
often as necessary, rather than as often as possible.

Observation 3 One characteristic of CSE is the ability to make
changes instantly visible to users. As a result, feedback from users can
be elicited and used to match the software to requirements.

Observations 2 and 3 are related and depend on each other to
reach their full potential. However, we observed that not all practi-
tioners implement both, leaving opportunities for improvement.

5.1.3 Developer Perspective. Several developers, project man-
agers, and CSE specialists suggest a developer-driven perspective
on CSE. Similar to the methodology perspective, practitioners did
not base their descriptions on any specific set of tools.

First, they emphasize that CSE enables developers to fully focus
on their main task, i. e., developing software, rather than deal with
other processes, such as infrastructure management. This includes
increasing the speed of the development process by removing idle
times. Second, CSE allows practitioners to better estimate and clas-
sify their daily tasks. It ensures that newly introduced changes
do not break code—an aspect which is not only in the interest of
the overall product, but also a factor in the mind of developers.
Providing a safe environment to develop and test software is a
major characteristic of CSE. Third, according to practitioners, CSE
supports the detachment of recurring, yet specific tasks from an in-
dividual; in particular, by introducing defined processes, knowledge
vaporization can be prevented.

Observation 4 CSE allows developers to fully concentrate on their re-
spective tasks; it creates a safe environment for development. It enables
the possibility for specific tasks to be removed from individuals.

Remarkably, one practitioner highlights the increased responsi-
bility of developers when giving their definition of CSE. This relates
to the fact that developers independently create and deploy releases
which—in order to unlock the full potential of CSE—should take
place without any clearance or dedicated release plan.

5.1.4  Life Cycle Perspective. Various practitioners agreed that
CSE opens up a new perspective on the software life cycle: devel-
opment, deployment, and operational phases blend into each other.
Practitioners report shorter intervals between the development and
the production phases. They further state that CSE is characterized
by the fact that a system’s functionality is extended continuously
and shaped by continuous application life cycle management.

Observation 5 Practitioners characterize CSE by the blending of
different phases of software engineering, such as development, de-
ployment, and operation. According to their perception, this makes
long-living systems easier to maintain.

5.1.5  Product Management Perspective. Project managers, tech-
nical leaders, and executive directors formulate a definition of CSE
from a product perspective. In their opinion, CSE is represented
by constant funding, provided to continuously improve a product.
This includes project managers’ ability to continuously acquire new
requirements as well as to create and re-prioritize product tasks.

One technical leader admits that not every product is guaranteed
to follow this pattern. According to this practitioner, the application
of CSE cannot simply be defined for a project: it is the product that
determines whether CSE can be applied or not. Most of the projects
are designed to follow other software evolution practices, and not
CSE in particular. A product’s compatibility with CSE processes
needs to be ensured before applying CSE. Further, the environment
in which the user receives the product plays an important role, as
pointed out by a practitioner from a large corporation. It is required
to keep pace with the CSE practices as defined in observation 2. For
instance, if the deployment of a product requires certain manual
steps, the product itself cannot be developed using CSE processes.



ICSSP ’18, May 26-27, 2018, Gothenburg, Sweden

One practitioner defines CSE as the integration of customer,
business model, software, and hardware. If a company successfully
combines these four aspects, it is implicitly implementing CSE
practices such as continuous integration and continuous delivery.

Observation 6 Practitioners’ definition of CSE is influenced by the
product under development. Product-related factors such as funding,
functionality, business model, and its future target environment need
to match the continuous development capability.

5.2 Practitioners’ Relevant Elements of CSE

We asked practitioners’ for CSE elements that drive CSE. Thus, they
were required to list the three—in their opinion—most relevant CSE
elements. In case a practitioner mentioned a CSE element that was
not part of the CSE elements listed in Table 1, we recorded it as a
relevant element. We plot the individual results in Figure 3.

RQ2 — Which CSE elements are perceived as most rele-
vant by practitioners? Practitioners perceive CSE elements
from three categories as most relevant: quality, i. e., automated
tests (10), user, i. e., involved users and other stakeholders (7),
and developer, i. e., comply with a shared ruleset (7). Besides,
practitioners mention additional CSE elements: in particular
the developers consider elements from the code category, such
as version control, as obligatory, pivotal, and indispensable to
any further steps in CSE. This strengthens the first stair in the
Stairway to Heaven model of Bosch et al. [2]. We summarize
the above-mentioned categories as follows: user commitment
(5.2.1), team commitment (5.2.2), and automated loop (5.2.3).

5.2.1 User Commitment. In particular practitioners from SMEs
that develop off-the-shelf software highlight contact with users as
an CSE element. One technical leader points out a significant differ-
ence in the user audience: While there is a large number of users
that are passively using software, i. e., users that do not state an
interest in new additions that do not affect their typical workflows,
it is the less represented active users who help to make the CSE
feedback loop efficient and functional. One project manager contin-
ues this thought by stating that interaction with the users is barely
technically defined in CSE. They approach this issue by actively
trying to involve users through the promotion of nightly and beta
builds. Two technical leaders claim that the success of a CSE project
depends to a great extent on the degree of user involvement—if
there is no involved user, you lose. Some practitioners remark that
users do not know what they want until they see it. Enabled by con-
tinuous delivery, users can frequently provide feedback and thereby
steer the development process towards their needs.

Observation 7 Practitioners perceive users’ commitment to take an
active part in the development process as a relevant aspect of CSE.

5.2.2  Team Commitment. Many practitioners perceive the team
and its commitment as a highly relevant part of CSE. According to
one developer, it is important that team members are open-minded
towards the development process and take an active role in its
formation. They need to adhere to a shared ruleset to work success-
fully. This poses challenges, as noted in Section 5.3. Practitioners
illustrate a need for the full support of managers and executives.

J. O. Johanssen et al.
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Figure 4: Practitioners’ negative, neutral, and positive expe-
riences with CSE elements (RQ3), grouped by category.

They should provide their attention to the project and trust the per-
formance and skills of the team. Rather than tools, it is the methods
and processes introduced by agile practices that bind team mem-
bers together. A continuous process improvement activity should be
carried out by the team on a regular basis.

Observation 8 Practitioners perceive an open-minded team mental-
ity that complies with a shared set of rules as the basis of successful
CSE teams. Management commitment is indispensable, while agile
practices serve as the main unifying factor.

5.2.3 Automated Loop. Half of the practitioners declare the au-
tomatization of process loops to be the core of CSE. According
to these individuals, discrete phases should be replaced by short,
compact loops. They use the term continuous pipeline to describe
a well-defined, highly automated process, which can be further
adapted to the characteristics of the product under development.
The practitioners share a vision of a non-linear process that can
either be serialized or else run in parallel. Automated tests is the
most relevant CSE element for ten practitioners. Others mention
continuous integration and continuous deployment as major build-
ing blocks of an efficient automated loop comprising different ful-
fillment levels. Operational aspects, such as staging environments,
complete their idea of an automated loop.

Observation 9 Practitioners perceive a high maturity level of autom-
atization as an essential aspect of CSE. This is enabled by well-defined
steps that form a non-linear process model. Furthermore, practitioners
state automated tests as the most relevant CSE element.

5.3 Practitioners’ Experience with CSE

We asked practitioners about positive, neutral, and negative experi-
ences with CSE elements. Figure 4 shows the results grouped by
their respective categories. Note that not every practitioner pro-
vided an experience report and, due to the grouping into categories,
practitioners may be represented multiple times, if they responded
to more than one CSE element of the same category.
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RQ3 — What are practitioners’ experiences with CSE?
19 positive, 56 neutral, 17 negative experiences with CSE ele-
ments were reported. Notably, more than 50 % of the positive
experiences are stated by SMEs, while forming roughly a quar-
ter of the interviewee sample. Categories with many positive
experiences as in code and software management are an indica-
tor for CSE elements that can serve as an entry point to CSE,
since they may be easy to implement. Few positive mentions
as is the case with knowledge, business, and user may be a sign
of the low maturity of CSE elements. Neutral responses may
indicate that practitioners are currently evaluating various
CSE elements in the field. A large number of negative expe-
riences as with the developer category indicates challenging
CSE elements. We discuss distinct experience reports derived
from five CSE categories: developer (5.3.1), operation (5.3.2),
software management (5.3.3), user (5.3.4), and quality (5.3.5).

5.3.1 Developer. Most negative experiences were reported in
the developer category, in particular for complying with shared rule-
set and contemporary and continuously evolving skills. Negative ex-
periences are amplified by problems with other CSE elements, such
as branching strategies. One practitioner reports problems when
dealing with too many branches, which they consider poisonous to
continuous integration. However, they admit that it is sometimes
inevitable to have several branches, though this situation can be ap-
proached with well-defined rules; for example, keeping the lifespan
of a branch as short as possible, and committing code frequently.
According to six practitioners, this demands attention from devel-
opers. Switching to a new way of developing software requires
the willingness to evolve skills and extensive knowledge—which is
why one practitioner views young graduates as having advantages
over long-serving employees. One practitioner sketches solutions
on how to overcome obstacles: providing incentives for successful
work, enabling and supporting in-house training, as well as creating
showcase projects. The practitioners agree that an open-minded
mentality on the part of developers, as well as their ability to adapt
and withstand the speed and frequency of CSE amount to both the
basic requirement and also a major challenge for developers.

Observation 10 Practitioners acknowledge a major challenge in
developers’ capability to comply with shared rulesets and in their
open-minded mentality to continuously evolve their skills.

Two practitioners note that it is the automatization of CSE that
makes developers use methods which they would otherwise dis-
pense with. However, they admit that the automatization makes it
easier for developers to neglect other responsibilities. Consequently,
they stress that CSE demands self-reflection and discipline. Practi-
tioners with a leading role state that they trust their team members.
They initiate discussions to find a consensus whenever necessary.

Observation 11 From practitioners’ experience, CSE does not solely
build on developers’ skills, but also on their ability to reflect on their
work and on their sense of responsibility.

5.3.2  Operation. Some large corporations with multiple depart-
ments struggle with legacy burdens, e. g., existing tool contracts
that are not intended for CSE. Similarly, tools intended for CSE are
used for other purposes, such as issue tracking systems for internal
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incident management, rather than for software development. Prac-
titioners of other corporations emphasize the fact that tools are not
a hurdle for them, since they can be easily bought—it is the integra-
tion that poses the challenges. Other corporations have to adhere to
formal regulations that impede or prevent CSE from being applied
in a given project, e. g., by relying on paperwork-driven processes.
One practitioner states that there is a risk that agile projects will
fall back into their previous static patterns.

Observation 12 While practitioners are willing to apply CSE, it is
their company’s current set of tools that keeps them from making a
complete transition and fully adapting CSE. Furthermore, require-
ments in regulated domains hinder the implementation of CSE.

One practitioner complains that a major cost factor can be found
in setting up the infrastructure for new projects in order to use
CSE elements. Furthermore, given the internal hierarchical and
management structure, some corporations do not have the capacity
to respond rapidly to changes within the project.

Observation 13 Practitioners state that the successful implementa-
tion of CSE requires the ability to set up a new project without major
cost or time penalties.

5.3.3  Software Management. In general, practitioners report
positive experiences with the implementation of agile practices.
Buildings-blocks such as sprints, review meetings, or SCRUM-
Boards are well-received and provide high value. Some difficulties
arise during task prioritization, since only limited resources—time
and money—are available. Apart from that, CSE elements, such as
continuous integration, are essential to practitioners. One practi-
tioner mentions significant synergy effects when using tools of the
same vendor for issue tracking, source code management, as well
as continuous integration and delivery.

Observation 14 Practitioners attest that CSE elements related to soft-
ware management, such as agile practices or continuous integration
of work, are widely and successfully adopted in their projects.

5.3.4 User. CSE elements related to users are barely referenced
whenever practitioners are asked about their experiences. The
user’s role is rated as fuzzy and there is a danger here that user
feedback does not continuously flow back to developers. One prac-
titioner ascribes this to the fact that CSE does not produce major
releases that might be perceived as a notable change by the users.
Ultimately, this creates a problem whereby user feedback is submit-
ted late in the process in form of incidents or change requests. At
that point, developers lack traceability links to changes that might
have caused the feedback. One project manager is concerned that
software quality suffers from the release frequency in the short run,
and immature releases impede users’ confidence in the product.

Observation 15 Practitioners have not yet created processes that
interact with users in a way similar to well-established practices such
as continuous integration. This is mainly due to the fact that users’
responses to ongoing changes are difficult to record, trace, and assess.

5.3.5 Quality. Practitioners welcome CSE elements such as pull
requests combined with code reviews. Code coverage and audits are
practices that are gaining in importance. However, some practition-
ers raise concerns because quality metrics are not being tracked.
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We observed that practitioners’ responses regarding the quality
category are driven by various testing and exploration reports. First,
every project strives for high software quality and therefore tries
to invest effort into improving. Second, as there is no final release,
processes to improve software quality can always be developed
further. Third, the influence of changes to software quality might
become apparent only at a later time.

Observation 16 Practitioners have had varying experiences with
quality elements during CSE, but they still invest into improvements.

5.4 Practitioners’ Future Plans for CSE

We asked practitioners which CSE elements they are planning to
add in the future. Thereby, we intend to discover future trends in
CSE. We plot the individual results in Figure 3.

RQ4 — What are practitioners’ future plans for CSE?
Practitioners’ plans are vague and mostly distributed across
elements. 19 CSE elements either received only one, two, or
three mentions by practitioners in the interviews. One CSE
element stood out with seven mentions: automated tests. We
found that the majority of practitioners described plans that
span multiple CSE categories. We identified three main strate-
gies in practitioners’ answers: enhancement (5.4.1), expansion
(5.4.2), and on-demand adaption (5.4.3).

5.4.1 Enhancement Strategy. Practitioners base their strategy
for the future on a combination of the methodology perspective
(observation 2) and quality, one of the most relevant categories
mentioned (observation 9), yet one with mostly neutral experiences
(observation 16). Seven practitioners mention automatization in
the context of quality as one of their major plans for the short and
long term. While automated tests are applied for some parts of the
products, they should be made available for all. Two practition-
ers mention their plans of combining elements from the operation
category, such as deployment in containers to enhance automati-
zation. Three practitioners list activities to enhance their current
state: code quality workshops, giving code metrics a meaning by
calling for action rather than representing read-only information,
and connecting CSE elements from different CSE categories.

One technical leader plans to bring the interaction with the
user to the next level by detaching feedback collection from the
individual—which is currently often the case—and creating a well-
defined, high maturity level process similar to the one used for
continuous integration. Other practitioners mention various ways
of optimizing the implementation of agile practices or the applica-
tion of branching strategies.

Observation 17 Practitioners aim for a fully automated loop to
increase the level of software quality by applying goal-driven en-
hancements to existing CSE elements.

5.4.2  Expansion Strategy. The future plans of four practition-
ers can be summarized as an expansion strategy, i.e., applying re-
cently established CSE elements to other areas of a project. The
expansion of continuous delivery to more platforms is mentioned
several times. This means adapting similar practices such as au-
tomatic deployment in mobile environments to their server-side
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counterparts. Similarly, expanding continuous integration to more
platforms is mentioned several times; for example, one practitioner
praises progress in Java environments, while they struggle with
with JavaScript. Another practitioner mentions the expansion of
documentation to more areas than it is the case at the present time.

Observation 18 Practitioners aim to extend efficient CSE elements
to other areas of the project or similar products.

5.4.3 On-Demand Adaption Strategy. Three practitioners indi-
cate a general interest in future CSE additions, however, they rely
on an event-triggered or on-demand strategy to adapt, i.e., enhance
or extend, their CSE elements. One practitioner describes an ex-
ploratory process in which CSE elements are added step by step. If
they encounter a situation that would benefit from improvements,
they initiate further investigations into possible solutions. Another
practitioner makes the addition of further CSE elements dependent
on the team’s dynamic. A project manager highlights the effort in
time that is required to implement certain CSE elements, making
an overall process transition a time-consuming undertaking.
Observation 19 Practitioners make enhancements and additions to
CSE dependent on events that call for action. They postpone decisions
for further additions to a later point in time.

6 STUDY DISCUSSION

In this section, we summarize our insights in form of a model
and discuss threats to validity regarding our research procedure.
Above all, we find it necessary to state that some observations from
this study appear obvious, ambiguous, or may even be seen as a
tautology. However, since we are searching for empirical evidence
on which to base assumptions that were previously only anecdotal,
to some extent this leaves us with reporting obvious conclusions [22].

6.1 Eye of CSE

Based on practitioners’ answers, we updated the CSE elements and
categories in Table 1 by adding three new categories—developer,
business, and operation—and removing two CSE elements, which
are represented in the new categories. We refer to the final set of
CSE elements and categories as the Eye of CSE, as shown in Figure 5.

The eye’s focus lies on a comprehensive implementation of CSE,
represented by the pupil. The process of reaching this goal is influ-
enced by the categories that are part of the eye’s iris. They define
the diameter and size of the pupil and thereby the perception of CSE.
We learned from the interviews that CSE categories are intertwined
and have fuzzy boundaries. This is partly different to the sequential
nature of the Stairway to Heaven by Bosch et al. [2]: even if some
CSE elements, such as continuous integration and delivery, require
a step-wise introduction, the practitioners’ statements suggest that
CSE should be approached from multiple angles simultaneously.

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. The grouping of CSE cate-
gories allows practitioners to recognize relationships based on their
proximity within the eye and the position of the CSE elements.

Example Whenever practitioners expand on software manage-
ment, the categories knowledge and quality should be incorporated.
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Proactive customers
Involved users and other stakeholders
User Learning from usage data and feedback

Open-minded mentality
Self-reflection and discipline
Comply with shared ruleset
Contemporary and continuously evolving skills

Developer

Business Management commitment

Appropriate product idea

Continuous planning activities

Continuous requirements engineering

Modularized architecture and design
Focus on features

Development

Operation Logging and monitoring
Reusable infrastructure
Staging environments

Convenient setup

Figure 5: The model Eye of CSE consists of nine CSE categories and 33 CSE elements. The proximity of elements and categories
suggests relationships between them. The model can open up ones’ eyes to new ideas for additions to current CSE processes.

During the design of the Eye of CSE, we strived to accurately
allocate CSE elements to categories by analyzing the practitioners’
answers and carrying out internal discussions. By connecting CSE
elements to the iris and not directly to CSE categories, we acknowl-
edge that one CSE element can relate to one or more categories.
The proximity of CSE elements within the sclera, the white of the
eye, suggests a relation to a category and among CSE elements.

Example Audits can include code reviews, which makes them
part of the quality category. Likewise, learning from usage data and
feedback requires developers’ open-minded mentality.

The model should open practitioners’ eyes to new ideas when
extending their CSE process. Furthermore, the relationships can
start discussions for future consolidation of the model: The cate-
gories user, developer, and business could be further summarized
as stakeholders, while the categories business, development, and op-
eration share common characteristics and might be combined as
BizDevOps, following the naming conventions from Fitzgerald and
Stol [4]. As highlighted, we see structural dependencies between
software management and knowledge and between quality and code.

6.2 Threats to Validity

In the following, we discuss the study’s threats to validity according
to the four aspects of validity given in Runeson et al. [17].
Construct validity concerns the disparity between the intended
and actual study observations [17]. First, the practitioners resem-
ble a heterogeneous group, each having an own point of view on
CSE. The conformance between them might be small. We tried to
address heterogeneity by describing observations instead of facts.
Second, the questions may be interpreted by practitioners in a way
different than intended by us. We tried to minimize this possibility
by conducting two interviews with colleagues. We discussed these
interviews afterwards to reveal potential misinterpretations. Also,
the format of the interviews allowed practitioners to ask questions

at any time. Third, the authors might have influenced the partici-
pants by asking specific questions. To mitigate this risk, we used
open-ended questions to elicit as much information as possible
from practitioners. Finally, the collection of CSE elements is based
on a model that is an abstraction of reality and—to some extent—
subjective. We asked practitioners to describe their experiences
with the proposed set of CSE elements, which might biased them.
We tried to mitigate this risk by collecting additional CSE elements.
Internal validity concerns correlations between the investigated
factors and other factors [17]. Practitioners might have provided
answers that do not fully reflect their daily work, since they were
aware that results would be published. We addressed this possibility
by guaranteeing the full anonymity of interviewees and compa-
nies. Further, the interpretation of answers might be biased by the
authors’ a priori expectations and subconscious impressions. We
addressed this threat by coding the transcriptions and discussing
the codes. Finally, the slides might biased the practitioners’ percep-
tion of CSE. We perceive this as a minor threat, since it can only
affect RQ1 and practitioners might prepare beforehand anyway.
External validity addresses the generalizability of the study re-
sults [17]. We contacted companies that we already knew, which
affects the sampling and might result in a selection bias. However,
there is no central register of companies that apply CSE [22]. Clearly,
this amounts to a risk to the representativeness of the participants.
It is mitigated by the fact that the authors are from two different
universities. Further, the diversity of projects and participants rein-
forces the generalizability. Finally, interviews are subjective, since
they rely on the practitioners’ statements. To reduce subjectivity,
we conducted 20 interviews, to acquire a wider set of opinions.
Reliability validity concerns the study’s dependency on specific
researchers [17]. After we carried out coding training and checked
intercoder reliability, two authors individually coded different tran-
scripts. We address this threat by discussing questions during cod-
ing; a third author of this paper supervised the interview analysis.
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7 RELATED WORK

To the best of our knowledge, there are no previous studies with
practitioners that address CSE as a process. Thus, we present and
discuss studies that followed research approaches similar to our
work and addressed specific CSE elements and CSE categories.
Kuhrmann et al. research development approaches in practice [10].
They highlight the importance of traditional frameworks, a factor
that is supported by our observation 12. Their results indicate that
companies apply hybrid approaches, which are defined stepwise,
in ways similar to the strategies we identified in Section 5.4. Maki-
nen et al. report the widespread adoption of version control and
continuous integration, based on semi-structured interviews with
18 organizations [12]. Our observations confirm this situation in
practice. In fact, we found that most positive experience reports
were stated in the respective CSE categories (Figure 4). Stahl and
Bosch interviewed practitioners to assess their experience of contin-
uous integration and discuss benefits [20]. We can confirm most of
their findings, e. g., that it increases developer productivity (obser-
vation 4). The same observation partially supports their finding that
practitioners see improvements in project predictability. Further
literature studies list benefits and challenges regarding continuous
integration, delivery, and deployment [16, 19]. Kevic et al. reveal the
positive impact of experiments; this points towards a relationship
between continuous deployment and a change in user behavior [8],
and supports our model (Figure 5). Dyba and Dingseyr highlight
human and social factors in working settings that are similar to CSE
[3]. Ayed et al. conclude that the success of agile practices depends
on various social and inter-cultural factors [1]. Larusdottir et al.
note the importance of teams’ ability to trust in their capabilities
[11]. Based on these reports and multiple answers in our study, we
added the category developer, as described in Section 6.

8 CONCLUSION

We describe the method and observations of a semi-structured in-
terview study involving 24 practitioners from 17 companies during
20 interviews. The study provides an overview of the current state
of practice in CSE, as a way of assisting practitioners to understand
CSE. We found that practitioners have different perspectives, i. e.,
tool, methodology, developer, life cycle, and product management
perspectives. Most relevant elements of CSE are user and team com-
mitment, as well as a high degree of maturity of automated loops.
With respect to CSE elements, practitioners report more positive
experiences than negative ones, but more than half of the responses
were neutral. This might indicate that many practitioners are cur-
rently only testing various CSE element in the field. For the future,
practitioners focus on three strategies: enhancement, expansion, and
on-demand adaption. To support practitioners in their approaches
to establish CSE in companies, we created a model—the Eye of CSE—
based on our observations during the interviews. The Eye of CSE
allows practitioners to identify relevant CSE elements, the mutual
relationships between them, and to devise future additions to their
own projects. We do not claim that the model is complete. We see a
continuation of the study in form of a survey to further validate the
perception of the Eye of CSE to reach for a more quantitative and
comprehensive understanding. Insights from practitioners from
different domains might open up new research directions.
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