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Abstract.

Time and quality pressures are affecting software process in all its stages. One
of the proposed solutions to these pressures is DevOps. DevOps is aimed to in-
crease the frequency, quality and speed of deploying software from develop-
ment into production by means of new organizational structures and processes
with a high degree of automation. Several authors underlined the fact, that be-
yond the tool chain, DevOps is a culture shift. However, to date the characteri-
zation of DevOps culture remains unclear. In this paper, authors tackle this
problem by means of a Systematic Literature Review. Results provide a deeper
understanding of the phenomena from human factor’s perspective.

Keywords: DevOps, Culture, Empathy, Systematic Literature Review, Human
factors.

1 Introduction

For software makers, one way to gain a sustainable competitive advantage is to deliv-
er products and new features to customers considerably faster than before, if not near
to real-time [1]. In this scenario, continuous software engineering (CSE) is a new
approach aiming at establishing strong connections between software engineering
activities in order to accelerate and increase the efficiency of the software process [2].
CSE can be related to DevOps [2, 3], which has risen to the fore as a prominent trend
in the software engineering community and attracted growing attention from re-
searchers in the last years, especially since 2014 [3]. For instance, Bosch [4] provides
an overview of the adoption of CSE practices at large companies producing software-
intensive systems. More recently, Fitzgerald and Stol [5] have proposed a roadmap
and agenda for CSE. The findings in [6] have confirmed that DevOps is as an evolu-
tion of agile software development and is informed by a lean principles background.
However, according to [1], research on continuous deployment is still in its infancy,
despite the industrial relevance of the topic. In support of that, the results of a recent
systematic mapping study [3] emphatizes both continuous practices and the term
DevOps are vaguely defined and loosely used in the software engineering community.
Likewise, other mapping [7] points out that there is no standard definition for



DevOps. By reviewing the published literature, one can see that DevOps efficiently
integrates development, delivery, and operations, thus facilitating a lean, fluid con-
nection of these traditionally separated silos [8]. DevOps integrates also any tech-
nique aiming to decrease the time between changing a system and transferring that
change to the production environment, including continuous deployment but also
practices like continuous monitoring [9]. But the most common interpretation is that
DevOps is about culture [3]: DevOps means a culture shift toward collaboration be-
tween development, quality assurance, and operations [8], or DevOps is about align-
ing the incentives of everybody involved in delivering software [10] where its success
is based on four principles:

e Culture. Joint responsibility for the delivery of high quality software.

e Automation. Automation in all development and operation steps towards rapid
delivery and feedback from users.

e Measurement. All process must be quantified to understand delivery capability and
setting goals to improve the process.

e Sharing. It is crucial the sharing of knowledge enabled by tools.

Furthermore, a novel perspective is the notion of DevOps as a superset of values,
principles, methods, practices —including continuous practices— and tools [3]. This
proposal is based on the point of view several forefront figures of the movement [10-
12], but is focused on what one might consider a “meta definition” of the concept. In
this scenario, it is not surprising that human aspects are taken in account by DevOps
because software is a product of human activities that incorporates our problem solv-
ing capabilities, cognitive aspects, and social interaction [13]. In other words, soft-
ware is intensive in human capital [14, 15]. Indeed, in DevOps, tools are important
but people are an integral part of any human-designed complex system [16, 17].
Therefore, how we grow DevOps culture and practices in our organizations needs
more attention [16]. In fact, [8] highlights that a key lesson for companies which em-
braced DevOps was not to underestimate the needed culture shift. In support of that
view, a more recent study [18] reveals that DevOps is more a cultural shift for IT than
a process or tools shift.

In the light of that, a key question, which will facilitate the understanding of the
current status of research and address further investigation, is “How the scientific
literature is characterizing DevOps Culture?”. To the best of authors’ knowledge,
there are not published secondary studies about this topic. This paper is aimed to
bridge this gap by conducting a systematic literature review (SRL) on the cultural side
of DevOps.

The structure of the paper is as follows. The remainder of this section analyzes the
works related with our proposal. Section 2 presents the design of this SRL. In section
3 reports on the results of the SRL. Finally, section 4 summarizes a conclusion and
future research.



1.1  Related works

This SLR focuses on DevOps culture. Before performing this study, an initial study
was conducted to identify the existing secondary studies related to the topic. In order
to obtain the maximum information about this topic, we searched the following two
major online search academic article search engines: Scopus and Google Scholar.
Given that, both of them cover all major publisher venues —e.g. Elsevier, Springer,
ACM and IEEE—, they were estimated as enough for this initial purpose.

The searches were conducted in May 2018 using the search string ("Culture™ AND
"DevOps") AND (“Systematic review” OR “Systematic literature review” OR “Sys-
tematic mapping” OR “Mapping study” OR “Multivocal review” OR “Multivocal
literature review"). When the searches were performed, 19 results were found in Sco-
pus while Google Scholar showed 221 results. However, most of them were not actu-
ally a secondary study. After reviewing the literature on secondary studies for similar
research objectives, it can be identified that there is no previously published search on
the topic.

2 Research Methodology

This study was carried out following Kitchenham and Charters guidelines on System-
atic Literature Review (SLR) [19]. In what follows, an overview of this SLR is pre-
sented.

2.1  Planning

In this stage, a SLR protocol was adapted to define the plan for the review. The proto-
col comprises research background, research questions, search strategy, study selec-
tion criteria and procedures, data extraction, and data synthesis strategies to make sure
that the study is undertaken as planned and reduce the possibility of researcher bias.
In this review protocol, the whole study timetable was not decided from the begin-
ning, but rather the actual timetable of the study and results produced were recorded
as the study progressed.

Objectives and Research questions. To get an explicit view of the current definition
of DevOps culture, this SLR is conducted with the following specific objectives in
mind. The objectives of this study are threefold. First, we would like to understand the
attributes that define DevOps culture. Second, authors would like to investigate and
find out the emotional phenomenon behind DevOps culture. Finally, we would like to
see if there is a growing interest in the field or not.

In order to achieve these goals, the research objectives were translated into specific
research question as follows:

1. What are the documented attributes of DevOps culture?



2. What emotional phenomenon could be experienced by people in the DevOps cul-
ture? and
3. What is the trend of studies related to DevOps culture in the scientific literature?

The keywords used to find an answer to the research questions were two:
“DevOps” and “Culture”. Therefore, the search string was "Culture™ AND "DevOps".

Search strategy and search process. The search strategy includes search resources
and search process. Each one of them is detailed as follows:

Search resources. In order to find the scientific literature available about DevOps
culture, the search was performed on five electronic databases: (i) ACM Digital Li-
brary (ii) IEEE Xplore Digital Library, (iii) ScienceDirect, (iv) Wiley Online Library
and (v) SpringerLink.

Search process. The overall search process is depicted in Figure 1 and is explained in
what follows.
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Fig. 1. Search process description

First step, the search string was applied in May 2018, returning 448 papers (in to-
tal). By manual inspection of abstract and the keywords in text context, the irrelevant
studies were removed and a set of 103 unique papers remained. If multiple studies
with the same title by the same author(s) were found, the most recent one was includ-
ed and the rest were excluded. Moreover, only studies written in English language and
electronically available were included.



Second step, all 103 papers were reviewed based on full text, and then were classi-
fied into two types:

¢ Relevant papers: if the paper satisfies the two inclusion criteria (explained in what
follows).
e Excluded papers: other papers, which are not relevant to the topic.

A paper is kept in this study if it satisfies one of the two criteria:

o The paper is explicitly related to the DevOps and reveals some cultural aspect.
e The paper is relevant to software engineering research.

Some of the reasons for elimination were:

e The short versions of studies (with less than 4 pages).

e Book chapters. As it is generally difficult to determine how robust their findings
are and if they have been subjected to peer review. However, chapters from books
that are compiled as scientific articles or conference proceedings were included in
this SLR.

This list was reviewed in order to check for inconsistencies. When there was doubt or
disagreement about the classification of a paper, it was included in the relevant group,
leaving the chance of discarding the paper during the next phase when the full texts of
the papers were studied again. As a result, 54 papers were classified as relevant.

Third step, each full paper was retrieved and read to verify its inclusion or exclu-
sion. But this time, we attempt to identify the cultural aspect in the results or discus-
sion. The reason for exclusion or inclusion in this third phase was documented. The
result of this step was that 23 papers were classified as relevant.

Fourth step, in order to check the consistency of the inclusion/exclusion decisions,
a test-retest approach and re-evaluation of a random sample of the primary studies
was made. However, there is a risk that some papers have been missed. Therefore,
this study cannot guarantee completeness, but it can still be trusted to give a good
overview of the relevant literature on DevOps culture.

2.2  Data extraction

The data extracted from each paper was documented in a spreadsheet and kept in a
reference manager. The bibliographic details for all the 23 primary studies are availa-
ble in appendix A. In this paper, the primary studies are referred in the form of
[S01],..., [S23] and these labels are the same as in the appendix. After selection of the
primary studies, the following data was extracted: (i) Source (journal or conference),
(ii) Title, (iii) Authors, (iv) Publication year (v) Classification according to a set of
categories (see Table 1), (vii) Summary of the research. Based on (at least) the title,
abstract and introduction of each study, a set of initial categories was created and
assigned to them. When the assignment of studies to categories could not be clearly
determined in this way, more about the study was considered. This process was in-
spired in open coding, memoing and constant comparison techniques proposed by



Ground Theory. Thus, the categories were emerged and they were updated or clarified
during the classification process as necessary. Moreover, both the categories and the
assignment of studies to the categories were further refined. That means that an at-
tribute generalization and iterative refinement was done. We used a spread sheet to
record this process and a whiteboard and post-it notes to get a visual representation of
the categories. As a result, a characterization of DevOps culture was built. Though we
did not a-priori develop a categorization scheme for this research, we were broadly
interested in: (i) Collaboration (ii) Sharing knowledge, and (iii) Communication.

2.3 Study quality assessment

In this study, each paper was assessed for quality at the same time as the data ex-
traction process was performed. This process provided information about author and
source, as well as the minimum information required to establish credibility. 22 of the
23 selected studies satisfied the quality questionnaire: (i) Does the paper introduce
any aspect of culture? (ii) Is there a clear statement of the aims of the research? (iii)
Does the paper provide relevant data related the research topics?, (iv) How adequately
is the research results documented? (v) Does the paper allow answering the research
questions?. The remaining paper [S14] was kept although it was identified as an expert
opinion because it is focused explicitly on the topic and allowed us to answer the
second question.

3 Results

From the initial set of 448 publications (see Fig. 1), 23 studies were identified as con-
tributing to DevOps culture. This section presents an overview of this topic according
to the research questions.

3.1  What are the attributes of DevOps culture confessed to?

Bearing in mind that this study is focused on culture as a human factor in SE process-
es and particularly DevOps, a full review of the 54 publications in the second step
was done. At this stage, the findings revealed that some actually do not address —
much less discuss the meaning of — culture at all. That is the reason why we attempt
to identify the cultural aspect into the sections of results and discussion of each paper
during the third step of this SLR (23 publications). The final classification scheme
was developed after applying the process described in section 2.2. Table 1 lists the
attributes, Columns 1 and 2 are self-explanatory. Column 3 denotes the number of
publications related to the attribute while Column 4 denotes the percentage of average
weighted by attribute. Finally, Column 5 indicates the list of primary studies related to
the attribute.

1D Attribute Frequency % Primary studies
1 Communication 22 14,10 | [S02]-[S23]
2 Collaboration 19 12,18 | [S01]-




[S05],[S071,[S09],[S10],[S12],[S13].[S15]-
[S23]

Feedback (Con-

3 | tinuous and imme- 17 10,90 | [S02]-[S10],[S12],[S15]-[S20],[S23]
diate)

4 Responsibility 17 10.90 [S01],[S02],[S04],[S05],[S07],[S09],[S12]-
(personal/mutual) ' [S16],[S18]-[S23]

¢ | Sharing 15 962 | [SOL1,[S02][S06].[S07][S10].[S12] [S13].[S
knowledge ' 16]-[S23]

5 L’;‘Cﬁgovemem 15 9,62 | [S03]-[S05],[S08],[S09],[S12],[S15]-[S23]

7 Transparency 12 7,69 Egé}:ggg:%ggg}lgon'[815]

8 Commitment 9 577 [S01],[S05],[S08],[S09],[S14],[S16],[S17],
and agreement ' [S20],[S23]

9 New personnel 8 513 [S03],[S05],[S06],[S07],[S08],[S16],[S18],[S
and ideas ' 22]

10 | Leadership 7 4,49 [S05],[S06],[S13],[S16]1,[S19],[S20],[S21]

11 | Blameless 6 3,85 [S05]-[S07],[S12],[S13],[S16]

12 | Experimentation 5 3,21 [S01],[S07],[S16],[S18],[S19]

13 | Trust 4 2,56 [S05],[S18],[S21],[S22]
Total 156 100,00

Table 1. Characterization of DevOps Culture.

To summarize, 13 attributes were identified in the primary studies. 7 of the attributes
are up to 75% out of the total. These attributes are: (i) Communication, (ii) Collabora-
tion, (iii) Feedback (Continuous and immediate), (iv) Responsibility (person-
al/mutual), (v) Improvement cycle, (vi) Sharing Knowledge, and (vii) Transparency.
However, taking into account the number of primary studies (23) it seems that there is
a consensus of more than 70% of them in which DevOps culture is primarily seen as
Collaboration, Communication, Feedback and Responsibility.

3.2  What emotional phenomenon could be experienced by people in the
DevOps culture?

This is not an easy question to answer because there is not one standard emotion word
hierarchy [20]. Even more, according to [21], Kleinginna et al. reported more than 90
definitions have been produced for this term, and no consensus in the literature has
been reached. Therefore, from a comprehensive literature review of this topic in SE,
we focus on the Parrott’s emotion framework which was previously chosen to con-
duct an exploratory analysis of emotions in software artifacts [22]. Table 2 shows as
this framework classifies human emotions into a tree structure with three levels. Each
level refines the granularity of the previous level, making abstract emotions more
concrete. Taking into account that structure, the statements associated to the attributes
during the data extraction were read again to identity the emotions of practitioners.
Furthermore, although, that structure allowed us to understand these emotions at dif-
ferent levels during the characterization process we chose the use of think-aloud as a
strategy to enhance the ability to think critically. In this way, eventually, the answers



were “compassion” and “empathy”. The first clue was found in the article “Contain-
ers Will Not Fix Your Broken Culture (and Other Hard Truths)” [S14] which points
out that “We have to live it [DevOps]; change for the better is a choice we make eve-
ry day through our actions of listening empathetically and acting compassionately .
However, such an idea was not clear at the beginning. During the third step of this
review, the idea was growing as the same time that the empirical evidence related to
the attributes was identified. At the end, we built a schema of attributes (for DevOps
culture) where “empathy” seemed to fit well. Thus, empathy “dissolves the barriers
between self and other” [23] as DevOps dissolves the barriers between developers
and operators. This is certainly accepted by practitioners and researchers as part of the
essence of DevOps despite that the term DevOps is vaguely defined.

Primary Secondary Tertiary
emotions Emotions Emotions
Affection Adoration, Sentimentality, Liking, Compassion, Caring, ...
Love Lust Desire, Passion, Infatuation
Longing
Cheerfulness Amusement, Enjoyment, Happiness, Satisfaction, ...
Zest Enthusiasm, Zeal, Excitement, Thrill, Exhilaration
Joy Con_ter_ltment Pleasure
Optimism Eagerness, Hope
Pride Triumph
Enthrallment Enthrallment, Rapture
Surprise Surprise Amazement, Astonishment
Irritability Aggravation, Agitation, Annoyance, Grumpy, . . .
Exasperation Frustration
Anger Rage Outrage, Fury, Hostility, Bitter, Hatred, Dislike, . . .
Disgust Revulsion, Contempt, Loathing
Envy Jealousy
Torment
Suffering Agony, Anguish, Hurt
Sadness Depression, Despair, Unhappy, Grief, Melancholy, . . .
Disappointment | Dismay, Displeasure
Sadness Shame Guilt, Regret, Remorse
Neglect Embarrassment, Humiliation, Insecurity, Insult, . . .
Sympathy Pity, Sympathy
Fear Horror Alarm, Shock, Fright, Horror, Panic, Hysteria, . . .
Nervousness Suspense, Uneasiness, Worry, Distress, Dread, . . .

Table 2. Parrott’s emotion framework.

Fig. 2 depicts our schema, however, it is a little different of the list of attributes in
Table 1. As one can see, the attribute “New personnel and ideas” was divided in
order to facilitate the understanding. The two new attributes are “Hiring” and “New
ideas”, the first one describes the attribute “New personnel” and the second one
“New ideas” allows us to think not only in new personnel.
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Fig. 2. Characterizing DevOps culture

This scheme is consistent with the findings of a previous empirical study in software
development about collective empathy [24]. According to [24], collective empathy
prevents team dissolution by facilitating the development of bonds among team mem-
bers, as well as creating and affirming a sense of groupness.

3.3  What is the trend of studies related to DevOps culture in the
scientific literature?

Fig. 3 presents the number of publications over time per source. A quick look at the
compiled data shows that the research field of Culture DevOps is slowly growing.
Moreover, IEEE Xplore Digital Library is the source that more primary studies (13)
has provided.
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Fig. 3. Number of publications over time per source.

3.4  Limitations of Results

The limitation to academic search engines represents the state-of-the art of academic
DevOps research. Therefore, future research should focus on the gap between profes-
sional research and the academic research on the topic, maybe using a multivocal
literature review. The inclusion of English-only papers might mean that relevant stud-
ies in other languages are missed out, but this study is focused on the academic field
and English is the most common language on this field. Another major limitation is
possible selection bias, but the protocol is a way to reduce this threat. Finally, it is
worth noting that the categorization was also reviewed by another researcher in order
to minimize the threat’s risk of do that in a wrong way.

4 Conclusions and future work

In spite of the literature presents an increasingly interest on DevOps, a comprehensive
systematic review about DevOps culture does not exist. Even more, the definition of
DevOps remains unclear in the scientific literature despite the previous efforts, such
as [3, 7], made in this direction. Therefore rather than define “DevOps culture”, we
prefer to characterize it in order to understand its current status and address further
research.

This review reveals that the soft side of DevOps is not always confessed among
practitioners and researchers but it is always presented in software development [17].
It seems that culture is a term that everyone thinks they understand and it has become
a powerful aspect of identity. In fact, culture is very related to human factors [25]. As
a result of the characterization process, we identified 13 attributes. The most frequent-
ly attributes in the 23 primary studies were 7: (i) Communication, (ii) Collaboration,
(iii) Feedback (Continuous and immediate), (iv) Responsibility (personal/mutual), (v)
Improvement cycle, (vi) Sharing Knowledge, and (vii) Transparency. However, there
is a relatively scarce number of primary studies related to this topic, although it is
slowly growing in the scientific literature. Therefore, there is a need for empirical
research.

Another aspect in the soft side of DevOps is the emotional phenomenon experi-
enced by people. At the end of this review, empathy seems to be behind DevOps cul-
ture because, as already mentioned, “dissolves the barriers between self and other”
[23] as DevOps dissolves the barriers between developers and operators. Bearing in
mind that idea, we also built a scheme which is consistent with the findings of a pre-
vious empirical study in software development about collective empathy [24]. How-
ever, further research is needed in order to validate and enhance the schema and study
the phenomenon itself.
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