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ABSTRACT

Enterprises often try to tame the complexity of their software using
microservices and practitioners generally perceive the impact of
microservices as positive. However, different responsibilities fall in
the hands of practitioners and new skill-sets are required to address
the challenges and reap the benefits of microservices. The objec-
tive of this study is to gather and organize what industry requires
from microservices practitioners. To achieve this, we conduct a
qualitative analysis of 125 job-ads related to microservices that are
gathered from 7 different countries, across 5 continents, posted
during 14 consecutive days, sampled from a total of 1351 job-ads.
We contribute with detailed taxonomies on roles, responsibilities,
soft- and hard-skills that are necessary for microservices practition-
ers. Specifically, we detail 5 families of responsibilities, 3 of which
are human-centered, describe 8 themes of popular soft-skills and
describe 11 themes of popular hard-skills, along with how they
relate to soft-skills. Our results indicate the importance of human-
centered responsibilities and skills in microservices practitioners,
and point to the existence of a job market for microservices software
architects with a high demand on human aspects. Hence, our find-
ings can help unravel organizational structures in microservices,
improve training programmes, and understand the manifestation
of human aspects in microservices.
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1 INTRODUCTION

Enterprises try to tame the complexity of their software using mi-
croservices [21]. The intention is to, among others, scale up the
development, operations and maintainability of software [10]. As
different responsibilities fall into the hands of practitioners, new
skill-sets are required to address the challenges and reap the bene-
fits from using microservices [22]. To this end, practitioners gen-
erally perceive the impact of microservices as positive for their
systems [5]. Hence, microservices are increasingly adopted in dif-
ferent domains (e.g., software companies, cyber-physical systems
and automotive software) [3, 9, 21]. The journey of micoservices
adoption can often contain different activities and solutions [18]
on a variety of topics [26].

However, organizations face challenges in adopting microser-
vices due to the lack of relevant skills and solid understanding of
several non-functional aspects needed to effectively implementing
and operating microservices-based applications [2]. It is evident
that microservices require from practitioners new technical devel-
opment capabilities [22, 26] as well as informed judgement on the
new architecture’s fit with the system’s context [14, 17]. Unfortu-
nately, little empirical evidence exists on what is required from
practitioners to thrive in modern software engineering (SE) en-
vironments that develop decoupled, distributed and individually
contained pieces of software based on microservices.

Existing research describes the skills that practitioners need in
other domains of SE, such as requirements engineering [8], test-
ing [7] and Al engineering [13]. However, research lacks the de-
tailed specification of the main responsibilities that engineers have
in microservices-based systems. In addition, even though recent
work indicates the roles and competences of practitioners in mi-
croservices [15], there is room to further specify and connect iden-
tified roles such as web-based software engineers and DevOps engi-
neers with specific hard- and soft-skills that organizations require
practitioners to have.

Consequently, the objective of this study is to gather and or-
ganize the requirements that industry has on practitioners, when
asked to work on microservices-based architectures. Specifically,
this study extends the taxonomy of microservices practitioners
roles identified in existing literature [15] and further details the
roles with specific responsibilities, hard skills and soft skills that
are required from industry. Therefore, in this paper we address the
following research questions:

RQ1: What are the roles and responsibilities of practitioners working

with microservices?

RQ2: What are the soft skills that microservices practitioners with
different roles are required to have?
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RQ3: What are the hard skills that microservices practitioners with
different roles are required to have, and how do those hard-skills relate
to soft-skills?

To achieve this study’s objective, we conduct a large scale qual-
itative analysis of job-ads posted on Glassdoor. Specifically, we
analyze 125 job-ads, sampled from a total of 1351 job-ads related to
microservices that are gathered from 7 different countries, across
14 days. Our analysis uses techniques from Grounded Theory and
the full replication package including data gathering script, raw
data and analyzed data can be found at [16].

This study contributes with:

e A taxonomy of 21 responsibilities, organized in 5 families of
responsibilities that microservices practitioners have.

o Organizing skills with themes of 8 soft-skills, 11 hard-skills,
their relationships and their appearance in different roles.

e Definitions, descriptions and importance of the 3 human-
centered families of responsibilities, focusing on the team
(e.g., culture cultivation), governance (e.g. assure quality and
compliance), or customer (e.g. maintaining partnerships).

o Definitions and evidence on the importance of the top 5 de-
manded soft-skills themes for microservices practitioners: (1)
Articulation and transferability of knowledge, (2) Stakehold-
ers management, (3) Problem solving, (4) Communication,
presentation and negotiation, and (5) Leadership.

e Evidence of a job market for software architects specializing
in microservices, that is distinct from other known roles
of engineers associated with microservices, as they tend to
relate with more human aspects compared to other roles.

2 RELATED WORK

The theoretical foundations of this study are around Microservices,
their human-centric challenges, and the field of investigating job-
ads to understand the skills expected from software engineers.

2.1 Microservices-based Architectures

Many enterprises increasingly use microservices to modernize their
systems [12] and attempt to tame the complexity of their software
using such software architectures [21]. Microservices is a type of
service-oriented software architecture structuring software based
on independent features and their domain boundaries [19]. The
intention with microservices is to improve maintainability, decrease
time to market of features, improve requirements coverage, and
scale both operations and development [10]. To this end, practi-
tioners generally perceive the impact of microservices as positive
for their systems [5]. Consequently, microservices are increasingly
adopted in different domains. Early adopters were software com-
panies such as Netflix and Spotify [21], but there is evidence that
organizations developing cyber-physical systems also adopted mi-
croservices [9] as well as automotive software [3]. However, dif-
ferent adopters use microservices differently, depending on scale
and familiarity with different technologies and thus, their use cases
cannot necessarily be repeated by others.

Naturally, as the technology of implementing microservices be-
comes clearer, text books indicate tasks to develop software using
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microservices [6, 19, 25]. In addition, empirical research investigat-
ing the journey towards microservices indicates the systemic and
technical change that take place when adopting microservices [18].
Moreover, there is evidence of the plethora of new technologies
and tools that practitioners need to master for microservices [26].
However, both text books and existing research do not help practi-
tioners to prioritize the plethora of new technologies and plan their
personal development based on how industry requirements evolve.

2.2 Human-centric challenges in adopting
microservices

Practitioners are increasingly being challenged by microservices-
related issues [27], face difficulties with a variety of technologies
that come with developing software in microservices [22], and
adopt new approaches in designing and developing software sys-
tems [26]. Besides the technical challenges that practitioners come
across, there are important organizational challenges that need to
be tackled for microservices to operate successfully, such as the
coordination of autonomous teams that make local decisions [11].
This can lead to structural silos within an organization, which is
considered the biggest obstacle of adopting microservices [2]. In
fact, the challenge of coordination between teams can manifest
itself in problematic technical decisions e.g., by adopting solutions
that are difficult to communicate and reuse across services [11].
Consequently, there is a need for research that indicates what prac-
titioners need to address such organizational challenges.
Furthermore, practitioners do not receive professional trainings
and it is still not clearly defined what trainings practitioners should
have to be prepared for microservices-related work [26]. Moreover,
there is a lack of expertise among practitioners, due to difficulties in
recruiting skilled personel and due to the fact that technical aspects
are not the main challenges of microservices [10]. Hence, there is a
need to further investigate and understand the skills of practitioners
in microservices specifically, not less than other sub-fields of SE.

2.3 Analyzing skills in Software Engineering
sub-domains

Existing research describes the skills that practitioners have or need
in different SE sub-domains [7, 8, 13, 20], but not in microservices.
For example, automated approaches exist that identify automati-
cally hard- and soft-skills of software engineers in general [20, 24].
However, automated analysis might miss contextual information
of job-ads. Hence, research exists that analyzes 101 Dutch Require-
ments Engineering (RE) job openings, aggregating the skill-set
needed from Requirements engineers and organizing them into
RE-related tasks, non-RE related tasks, competencies and soft skills
that are needed from engineers [8]. In addition, a large-scale anal-
ysis of job-ads indicated which testing skills are more important
for coders and which for testers, as well as the importance of auto-
mated testing in industry along with the most valuable testing tools
and frameworks [7]. Finally, existing literature presents the profiles
of Al engineers that companies ask for, along with the technical
and soft skills that engineers are required to have [13]. Few works
cover Software Architecture aspects and thus, there is a gap in
understanding the skills of microservices practitioners.
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Figure 1: Methodology including all the study steps taken

3 METHODOLOGY

This study is using qualitative analysis methods, based on tech-

niques from classic Grounded Theory as summarized by Stol et al. [23].

The GT techniques are applied on a data-set of job-ads that were
posted on Glassdoor. Glassdoor is selected as it is one of the largest
sites worldwide specializing on recruiting, with millions of job open-
ings?. As shown in Figure 1, the study has four phases (the raw
data, analysis, and intermediary results can be seen in the repli-
cation package [16]). At first, a pilot study takes place where the
authors gather 25 job-ads and conduct a preliminary analysis of the
job-ads. The objective of this step is to identify if there are valuable
insights from the job-ads on the required skills in microservices
and define the research questions [23]. Then, data gathering takes
place, resulting in 1351 job-ads systematically gathered across 14
working days. Next, we sample a sub-set of the gathered data, using
stratified sampling and 125 job-ads are qualitatively analyzed. In
this section we provide details on the data gathering, sampling, and
analysis phase of the study.

3.1 Data Gathering

The objective of the data gathering phase was to systematically
retrieve job-ads that have a high representation of microservices-
related skills across the world. Therefore, we created a script that
automatically gathers job-ads posted in Glassdoor, by automatically
opening the live page of Glassdoor using Selenium WebDriver>.
The script filters the job-ads to only gather up to 30 job-ads posted
in a given day (less than 1 day old), sorts them chronologically, and
is run for a duration of 14 working days (25/05/2023 - 14/06/2023)
by the first author. In this way, we ensured the systematic gathering

!https://www.glassdoor.com/Job/index.htm
2https://help.glassdoor.com/s/article/What-is-Glassdoor
Shttps://www.selenium.dev/documentation/webdriver/

Country | Job-ads gathered | Job-ads sampled
Australia 102 8
India 415 31
Singapore 96 7
South Africa 27 2
UAE 22 2
UK 288 22
USA 377 28
Pilot sample 25 25
Total 125

Table 1: Job-ads data gathered and sampled per country

of job-ads, following the natural order they were posted, without
any potential selection bias of Glassdoor’s presentation of job-ads.
For example, we prevent the gathering of paid ads or ads that are
presented based on glassdoor’s mechanisms that consider search
history or usage cookies related to the user-profile. In order to
ensure representativeness, we gather data from 7 predominantly
English speaking countries (at least in their professional contexts),
from 5 continents. Therefore, as shown in Figure 1, we create a
data-set with 1351 job-ads, gathered across 14 days from different
regions and specifically: (1) the Americas (USA), (2) Europe (UK),
(3) Oceania (Australia), (4) Middle East (UAE), (5) South Asia (India),
(6) South-East Asia (Singapore), and (7) Africa (South Africa). The
authors recognize that the selected countries do not represent all
regions of the world. A selection was made though, considering the
language requirement of having English speaking job-ads. Meta-
data of the job-ads are gathered automatically in the same script,
to enrich our dataset with contextual information on the recruiting
organizations.
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Size (FTEs)  Job-ads | Year founded Job-ads Industry Job-ads
1-50 11 2020-present 2 Information Technology 32
51-200 15 2010-2019 15 Financial Services 23
201 - 500 7 2000-2009 14 HR & Staffing 7
501 - 1000 8 1990-1999 14 Management & Consulting 4
1001 - 5000 11 1980-1989 1 Energy, Mining & Utilities 3
5001 - 10000 4 1970-1979 3 Media & Communication 3
10000+ 44 1960-1969 10 Manufacturing 3
N/A 25 1959-older 30 Retail & Wholesale 3
N/A 36 Telecommunications 3
Insurance 2
Aerospace & Defense 2
Pharma & Biotech 2
Real Estate 2
Restaurants & Food Service 2
Legal 1
Hotels & Accommodation 1

Table 2: Meta-data overview of gathered job-ads, summariz-
ing size, age and industries of the sampled job-ads.

3.2 Data Sampling

After gathering the data, a sample had to be selected to conduct
the manual, qualitative analysis of the job-ads. Due to the diverse
origin of the gathered data, the selected sampling technique on the
1351 gathered job-ads is Stratified Sampling, as per the guidelines
of sampling in SE [1]. Specifically, we randomly select job-ads from
the different countries. The proportion of the random selection is
in relation to the amount of jobs that were gathered per country.
Hence, we sample the job-ads so that our data-set ends up with the
same percentage of job-ads from each country as is the case for the
entire population of gathered data. The sampled data per country
can be seen in Table 1. The sampled data include job-ads from sev-
eral organizations of different characteristics. As shown in Table 2,
job-ads from organizations of all sizes are included, as well as or-
ganizations of different age, meaning that we cover organizations
with different legacy in their systems. Finally, Table 2 showcases
that we gather job-ads from 16 different industry domains, covering
a wide range of organizations using microservices.

3.3 Data Analysis

The data analysis phase of the study is based on the techniques
of classical Grounded Theory [23]. Specifically, the analysis took
place in iterations, with the authors: (1) coding 30-35 job-ads in each
iteration, (2) deliberating and agreeing on the codes, (3) selecting
and analyzing the codes into themes, and (4) organizing the codes
into themes and a theory that explains the responsibilities and
skills that are required from microservices practitioners. In the
first iteration, the first two authors analyzed the same sub-set of
30 job-ads, re-using and evolving the codes identified in the pilot
study. The objective of multiple authors analyzing the same sub-set
of job-ads is two-fold. On the one hand, the aim is to broaden the
interpretation scope of the data. On the other hand, the discussion
sessions followed on aligning the codes helped to develop and
maintain the same standards on the classification of content.

In the following iterations, the first author carried out the coding
of the remaining data-points, with alignment sessions after every
iteration. The coding included both open, axial and theoretical
coding. This resulted to an incremental development of the theory,
as per the guidelines of GT. After every iteration, an alignment
session took place among all authors for deliberating on the axial
coding results and further developing the theory. During open
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coding, the first author also characterized what role every job-ad
was targeting, from a predetermined list of roles (presented in
Section 4.1), based on the job title and job description.

Finally, we conduct a calculation to identify the relationship
between identified hard- and soft-skills. Specifically, the calculation
substracts the average amount of soft-skills that occur (average
occurrence of soft-skills) when a hard-skill is missing from job-ads
out of the average amount of soft-skills that occur when a hard-skill
is included in job-ads. Thus, if the presence of a hard-skill in job-ads
typically occurs with in average more soft-skills, this number will
be positive. We highlight the hard-skills that are accompanied with
0.5 or more soft-skills on average, to exclude random variations.

3.4 Threats to validity

The study decisions made in the methodology entail threats to
validity that the readers should be aware of.

3.4.1 External validity. First, we cannot claim complete representa-
tiveness of microservices practitioners in the entire software indus-
try, since we only gather data of the job openings that are published
in Glassdoor. We recognize that the specific platform might not be
the job-posting choice of the entire industry and therefore, job-ads
that are not posted in Glassdoor are not included in our study. To
mitigate this challenge, we broadened our search to multiple geo-
graphic locations, including countries that have a strong presence
in the specific platform. Moreover, we recognize that a big part
of the industry require practitioners to work with microservices,
but do not necessarily reveal this information in their job-ads. This
threat is mitigated by having as broad search as possible, collecting
all job-ads with “microservices” in their description.

3.4.2 Internal validity. A threat to internal validity is that authors
were pre-exposed to literature in microservices, as well as to the
hard skills of practitioners working with microservices. A miti-
gation to this threat is the focus on human-aspects in both the
identified responsibilities as well as the technical (hard-skills). In
addition, a limitation of our results is that we cannot claim that the
list of identified responsibilities and skills is complete. We recog-
nize that practitioners have responsibilities and skills that cannot
be captured in the descriptions of job-ads. Consequently, the re-
sults presented can be seen as complementary to existing works
detailing the work of microservices practitioners and can act as
a ground to further investigate microservices practitioners’ work
and identify more responsibilities and skills. Moreover, a threat
is that job-ads include the work that needs to take place in the
circumstance that exist in the timing of publishing the job-ad, as
it is perceived from the hiring manager or the recruiter who com-
posed the job-ad. However, in reality there is the possibility that the
circumstance change when practitioners are hired or that the per-
ception of the responsibilities and skills needed differs from reality.
To mitigate this threat, we aggregate the identified responsibilities
and skills and focus our analysis to those that are most re-occurring
across a large proportion of the data.

4 RESULTS

The analysis reveals details on the roles of practitioners working
with microservices, in respect to their responsibilities, as well as
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the skills they require to have. We stratify all our results with
descriptions on the roles of (1) Web-based software engineers, (2)
DevOps engineers, (3) Data engineers, and (4) Software Architects, as
defined by literature [15] and extended in this study. First, we derive
the Responsibilities matrix of microservices practitioners, organizing
the 21 identified responsibilities in 5 families of responsibilities.
Then, we provide detailed views of the skills that practitioners
working with microservices are expected to have. We distinguish
between hard- and soft-skills, since the data gathered reveal a great
importance on the soft-skills of potential hires.

4.1 The roles and responsibilities of
microservices practitioners (RQ1)

Four roles in microservices development are identified, each of
them having different potential specialties. The taxonomy of roles
includes (1) Web-based software engineers, (2) DevOps engineers, and
(3) Data engineers as determined in literature [15]. Additional to
these existing roles, our analysis reveals the role of the Microservices-
focused Software Architect. The Microservices-focused Software
Architect has specialties on (1) Software engineering strategy, (2)
Software product delivery, or (3) Cloud engineering. For simplicity,
we refer to this role in the rest of the paper as Software Architect.
Furthermore, our analysis reveals an extension on the initial taxon-
omy with the specialty of DevSecOps that DevOps engineers can
have (in addition to the existing Software Security specialty that
Web-based software engineers have).

The 21 different responsibilities of microservices practition-
ers we identify are organized in 5 families of responsibilities, as
shown in Figure 2. The families of responsibilities are derived based
on the scope of their artifacts at hand, or based on the scope of the
main stakeholder using the artifact. On the one hand, the scope
refers to whether the responsibilities are about the software product
or about the software development organization. On the other hand,
the scope refers to whether the responsibilities are about the soft-
ware engineering team or about the Customers (internal or external).
As shown in Figure 2, the 5 families of responsibilities are software
development support and infrastructure, software development pro-
cess and team development, software product delivery, professional
services delivery, and software engineering governance. Moreover,
14 responsibilities are marked as human-centric, as a human (e.g.,
engineer or customer) is their main protagonist and they have to
do with human aspects of software engineering (SE).

Software development support and infrastructure entails
responsibilities on delivering software products to SE teams. The ob-
jective of such responsibilities is to support software development
and infrastructure configuration. For example, a key responsibil-
ity is to Implement automation tools, that the SE team can use to
unburden their work from repetitive or low value adding tasks.

"You’ll support the identification of opportunities to automate and simplify so we can
deliver better quality products for our customers." - Job-ad #49

Another key responsibility is to Configure and maintain infras-
tructure on which the team deploys, executes and tests their soft-
ware. In addition, engineers with such responsibilities can also Test,
monitor, resolve and optimize performance aspects of software, Make
technical decisions, Analyze and manage legacy systems as well as
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ensure interoperability of developed software with existing systems.
As shown in Figure 2, such responsibilities appear in all roles, with
82% of DevOps and Web-based software engineers, 74% of Data en-
gineers and 62% of Software Architects having at least one software
development support and infrastructure responsibility.

Software development process and team development entails
the responsibilities that are about facilitating the software develop-
ment organization for SE teams. The objective of responsibilities in
this family of responsibilities is to facilitate stability, structure and
predictability in both the software development process, and the
team development process. Therefore, this family includes human-
centric responsibilities such as Adopt, adhere and improve develop-
ment process, but also such as Cultivate culture, collaboration and
coordination.

"Adds to team culture of diversity, equity, inclusion, and respect." - Job-ad #71

Other key responsibilities are to Navigate organizational struc-
tures and Lead and coach different teams. The responsibilities on
leading and coaching different teams are highly human-centric,
since they are mainly about enabling engineers to personally de-
velop.

"This is a leadership level role and will blend both deep domain and technical expertise
and great passion for coaching and developing people in a “player-coach” model." -
Job-ad #92

As shown in Figure 2, such responsibilities are more apparent in
Software Architects (95%) and Data engineers (100%). Many Dev-
Ops engineers also have such responsibilities (82%) but relatively
fewer Web-based software engineers (69%) are responsible for the
development process and the development of teams.

Software product delivery entails responsibilities that are about
the delivery of software products and software features to cus-
tomers. The objective of responsibilities about software product
delivery is to make sure that the software product is delivered to
customers, at the right time and in the right form. In Figure 2 we
can see that mainly Software Architects (57%) are asked for such
responsibilities, which is reasonable as many architects are special-
ized in software product delivery. In addition, 37% of job-ads about
Web-based software engineers and 33% of DevOps engineers have
to deliver software to customers.

Professional services delivery has responsibilities about the
presence of the software development organization to customers.
The objective of responsibilities on professional services delivery is
to establish trusted relationships with customers, as well as deliver
a complete customer experience, that is not only about the prod-
uct delivered. Such responsibilities include active interactions with
customers, like Consulting or Maintaining customer and user part-
nerships. These responsibilities are human-centric as the customer
is the central protagonist.

"Leads the effort to provide technical support to customers during software warranty
period." - Job-ad #110

In addition, professional services delivery include to Promote
technical advancements with active presence in open source soft-
ware as well as technological community-wide discussions and
contributions. Similarly to product delivery responsibilities, respon-
sibilities on professional services delivery are observed more on



CHASE 24, April 14-15, 2024, Lisbon, Portugal

Michael Ayas, et al.

82%

b

82%  75%

62% Configure & maintain infrastructure

57%

. ) Test, monitor, resolve & . ||
o - . .
N Q@pQ & & optimize performance aspects Deliver software products and features & & P
& e
Software Software development support & infrastructure Software product delivery
prod uct Design, develop & maintain software 1% - 7s - 95%
. Drive modernizations, 70%
Implement automation tools . L
improvements & transitions
Analyze & manage legacy system R .
Oversee transition of requirements to code & % AN
Ensure interoperability freq N g
Software engineering governance
Design & develop Architecture Develop business strategy of software :
Lead and coach of teams : - Promote technological advancements
Assure quality & compliance
Software Align business with software Manage development roadmap Consulting

development
organization

a0 100% g5y

69%

Software process & team development

Adopt, adhere & improve development process

. o Maintain customer and user partnershi
[ ] . . . Navigate organizational structures p P | |
° o > & . . ) . . o > &
¥ Q@OQ Fo Cultivate culture, collaboration & coordination < O@PQ S

Professional services delivery

50% 57%

24% . 24%

Software

l:| Human-centric responsibilities engineering team

Customers
(internal or external)

Figure 2: Responsibilities matrix, organizing the 21 identified responsibilities of microservices practitioners in 5 families of

responsibilities and marking those that are human centric.

Software Architects, with 57% of them requiring such responsibil-
ities. Relatively few DevOps and Web-based software engineers
have such responsibilities (both 24%).

Software engineering governance entails responsibilities that
implicitly or explicitly touch upon all dimensions. Hence, these
responsibilities on the one hand influence both software products
and the software development organization, and on the other hand
influence both SE teams and customers. The goal of this family of
responsibilities is to establish the framework on which the entire
organization governs the SE activities that take place. Consequently,
this family entails responsibilities focusing on high level aspects
of development, for example to Develop business strategy of soft-
ware and Drive modernization, improvements and transitions. Drive
modernization, improvements and transitions is human-centric
as a human is either a change agent in this responsibility, or the
predisposed change influences human stakeholders directly.

"Ensures business and technology leaders have adopted an architectural approach for
digital and technology change." - Job-ad #13

Furthermore, other key and human-centric responsibilities steer-
ing the development and delivery of software, are to Manage de-
velopment roadmap, Oversee the transition of requirements to code
and Assure quality and compliance. The responsibility of manag-
ing development roadmap is human-centric because it is centered
around the engineers that develop software and overseeing the tran-
sition of requirements to code are human-centric since the focus
is on manifesting the requirements of customers in the delivered
software. Assuring quality and compliance is about instilling to
engineers a mindset in which they follow or comply to quality and
industry standards.

18

"Provides subject matter expertise and mentorship in developing system software code
using commonly known best practices. Willing to adhere to [...] standards and policies
regarding software development." - Job-ad #110

As shown in Figure 2, all roles are involved with the software
engineering governance, but Software Architects and DevOps en-
gineers have particularly high involvement, with 95% and 91% of
their population having responsibilities about this family of respon-
sibilities. 75% and 70% of data and web-based software engineers
have such responsibilities.

4.2 The soft skills of microservices practitioners
(RQ2)
Based on our data analysis, we identify a list of 14 soft skills that
seem to be needed from microservices practitioners. Across all job
ads, the 5 most demanded soft skills (as presented in Figure 3) are
(1) Articulation and transferability of knowledge, (2) Stakeholders
management, (3) Problem solving, (4) Communication, presentation
and negotiation, and (5) Leadership. We refer to those skills as the
main soft skills of microservices practitioners in the rest of the report.
The 5 main soft skills of microservices practitioners appear
in at least 30 job-ads from those analyzed, as shown in Figure 3.
Articulation and transferability of knowledge is the skill with which
practitioners articulate verbally or in written form knowledge of the
system and the technologies involved. The objective is to transfer
the knowledge to other people (with either the same or different
background). An example of a required skill on articulation and
transferability of knowledge is:

"Strong ability to collaborate effectively within diverse teams, both technical and
non-technical." - Job-ad #30
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Soft skills Details

Verbal or written articulation of technical knowledge for
technical or non-technical stakeholders.
Handle needs and communication of stakeholders, to
accommodate trade-offs and take decisions.
Understand and resolve a problem that is either
defined or undefined.

Communicate with peers, make presentations and
negotiate with stakeholders to realize trade-offs.
Empowering others, support the team or being at the
forefront of the team.

Mentor colleagues with less experience for their
technical as well as their personal development.
Learning continuously or fast, as well as willingness to
self-develop as a professional.

Adapting ways of working based on environmental
needs and personal growth and development.

Articulation and transferability of knowledge
Stakeholders management
Problem solving
Communication, presentation & negotiation
Leadership
Coaching / mentoring
Personal development

Adaptability / growth mindset

All [125] s[67] _ DevOps s [33] Architects [20]
[49139% [16124% [17152% 1470%
[35135% [18126% - [12136% - [13165%
[33]34% [20]129% - [12]36% - [9] 45%
[34131% [17125% - [10130% - [10150%
[32]30% [15]22% - [13]39% [8] 40%
[27]24% I 18 12% - 1l 27% - [12160%
[20123% . [10115% - [11133% - 18] 40%
[21122% . [15122% . 7 21% - 6] 30%

Figure 3: The 8 most popular soft-skills themes extracted from job-ads, as they appear in the different roles.

Stakeholders management is the skill with which microservices
practitioners handle the different requirements and needs of differ-
ent stakeholders. The objective is to accommodate trade-offs and
ensure that decisions are taken.

"Work with Leads, Engineers, Architects, Product Managers, and Business stakeholders
to identify technical and functional needs of systems based on priority." - Job-ad #41

Furthermore, Problem solving is the skill that practitioners have
to understand a problem that is either defined or undefined and find
a (technical) solution to resolve it. Communication, presentation
and negotiation is the important skill of practitioners to commu-
nicate with peers, present technical contents to the organization
and negotiate with stakeholders to realize the right trade-offs on
technical decisions.

"Write progress reports, conference papers, and deliver presentations to stakeholders." -
Job-ad #21

Finally, leadership is the skill of practitioners that fuels the im-
plementation with empowering others or being at the forefront of
the team.

"Strong leadership, interpersonal skills and ability to work effectively with a wide range
of audiences, technical and non-technical." - Job-ad #21

The soft skills of Web-based software engineers are distributed
across all the main soft skills, without any of the soft skills being
particularly apparent in most web-based software engineers. Specif-
ically, as shown in Figure 3, Problem solving is the most popular soft
skill with 29% of web-based software engineer job-ads requiring
it. Next, Stakeholders management, Communication, presentation
and negotiation, as well as Articulation and transferability of knowl-
edge are popular with 26%, 25%, and 25% of job-ads requiring those
skills. Furthermore, skills that are required for the specific role are
Leadership and Adaptability and growth mindset with 22% of job-
ads requiring these skills. Adaptability and growth mindset is the
professional skill that engineers are required to have in adapting
their ways of working based on the environments needs as well as
growing as professionals and becoming more versatile in terms of
conducting technical tasks.

"Flexible thinking, including the ability to pivot and try new approaches when faced
with challenges. Ability to function effectively in a fast-paced environment and
manage continuously changing business needs." - Job-ad #38

19

The soft skills of DevOps engineers include the 5 main soft
skills of microservices practitioners as well as the soft skills of Per-
sonal Development. As presented in Figure 3, DevOps engineers tend
to need the skill of Articulation and transferability of knowledge,
with 52% of DevOps job-ads describing the specific skill. In addition,
DevOps engineers need to have Leadership, Problem solving and
Stakeholders management skills according to 39%, 36%, and 36%
job-ads respectively. Finally, a highly demanded skill for DevOps
engineers is Personal development, which is the soft skill containing
a continuous and fast learning attitude as well as willingness to
learn and self-develop as a professional.

"A self-driven approach to continuous learning, with the ability to work independently
and make well-informed decisions even with limited supervision." - Job-ad #30

The soft skills of Software Architects appear at a higher per-
centage of job-ads than the rest of the identified roles. Specifically,
from the 5 main soft skills of microservices practitioners, articu-
lation and transferability of knowledge appears in 70% and stake-
holders management appears in 65% of Software Architect job-ads.
In addition, communication, presentation and negotiation appears
at 50% of Software Architect job-ads, indicating the importance of
this soft skill for the specific role.

"Negotiation, influencing, decision making and organisational skills for deployment in
all areas of supplier and internal stakeholder management." - Job-ad #81

Problem solving and leadership appear in 45% and 40% of Soft-
ware Architect job-ads respectively. Furthermore, it seems that
Coaching and mentoring is a very important skill of Software Archi-
tects with 60% of the analyzed job-ads including this specific skill.
This means that Software Architects often need to have skills in
working with colleagues that they have to coach and mentor for
the technologies they use as well as their development.

"Solid coaching expertise, working alongside our feature teams to assist them in un-
derstanding a DevOps approach to enable them to contribute themselves." - Job-ad
#92

Finally, Software Architects are quite often asked to have a high
capacity of personal development, with 40% of the analyzed job-ads
requesting the specific skill.
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Hard skills Details Soft-skills
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Figure 4: The 11 most popular hard-skills themes extracted from job-ads, as they appear in the different roles. The column of
soft-skills relationship indicates how many more soft-skills appear on average when each hard-skill is included in job-ads.

4.3 The hard skills of microservices
practitioners (RQ3)

Besides the soft-skills identified, our analysis reveals 27 hard-skills
that microservices practitioners are required to have based on what
companies ask in their recruitment. Hard-skills range from tech-
nical skills that are related to developing software (e.g., Front-end
and visualization, Cloud infrastructure etc.), to process skills that
are related to software development in general (e.g., Agile, Domain
standards and regulations etc.). We first detail the appearance of
hard-skills in the roles of practitioners and then we give an overview
of the relationships of hard-skills to soft-skills.

The 5 main hard skills of all microservices practitioners
recruitments are (1) Quality assurance, (2) Cloud infrastructure, (3)
Data Management, (4) APIs and event-driven architectures, (5) CI/CD
engineering. As shown in Figure 4, each of the main hard skills
appear in more than half (> 50%) of the job-ads. Quality assurance is
the skill with which practitioners are asked to either assure software
quality through code reviews and testing, or setup the contents of
software quality checks in Continuous Integration pipelines.

"Extensive working knowledge of automation for deployment/configuration of different
Application servers." - Job-ad #86

Cloud infrastructure is referring to the skillset that are required
to configure infrastructure on the cloud, ranging from the use of
cloud services to configuring networking in private clouds. Data
management is the skill to setup databases, data warehouses and
big data management solutions.

"Using Terraform to maintain our video delivery platform, which uses the full suite of
AWS video products, as well as S3 and Cloudfront, to process and deliver video to our
customers." - Job-ad #83

APIs and event-driven architectures is the skillset for designing,
implementing and managing distributed end-points in services to
integrate with each other either via central APIs or event-driven
architectural designs. CI/CD engineering is the skillset that com-
panies ask for configuring software delivery pipelines as well as
integration pipelines of continuously releasing software features
seamlessly, without compromising quality.

"Three-plus (3+) years of experience building and maintaining continuous delivery
pipelines." - Job-ad #102
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The most prominent hard skills required from Web-based
software engineers are the core hard skills of microservices practi-
tioners, except CI/CD engineering, which is only mentioned in 43%
of the analyzed job-ads. Instead, skills on Agile are highly popular
with 49% of job-ads containing them. Agile skills is the skillset re-
quired from engineers to maintain an agile development process,
adhering to the agile principles and following agile practices and
ceremonies.

"Strong understanding of Scrum, Lean, XP, Kanban and other agile development tech-
niques." - Job-ad #107

The most popular skills required for this role are APIs and event-
driven architectures as well as Quality Assurance, with 66% of the
job-ads requesting them. In addition, 61% of job-ads include Cloud
infrastructure and Data management skills.

The most prominent hard skills required from DevOps en-
gineers are partially from the main hard skills of microservices
practitioners, along with 3 other skills. Quality Assurance, CI/CD
engineering, Cloud infrastructure are very prominent in DevOps
engineers job-ads with 94%, 91% and 79% including them, as shown
in Figure 4. Additionally, Artifacts configuration is also a popular
skill with 76% of job-ads describing this particular skill. Artifacts
configuration is the skill needed for engineers to systematically
manage configurations of technical artifacts (e.g., infrastructure) or
configure the automation of repeated (configuration) tasks.

"In-depth knowledge of cloud automation and configuration management tools, such
as Ansible, Terraform, or Azure Automation." - Job-ad #69

Furthermore, DevOps engineers are often required to have Agile
skills, as mentioned by 52% of the analyzed job-ads. Finally, Software
deployment is a popular (56%) skill in DevOps job-ads, which con-
tain the skill-set to configuring different ways of deploying software
such as serverless and containerization of software packages.

"Experience working with containerized workloads such as Docker and Kubernetes." -
Job-ad #58

The hard skills required from Software Architects do not
come only from the main hard-skills of microservices practitioners.
Figure 4 showcases that from the 5 main hard-skills Cloud infras-
tructure, Data management, and Quality assurance are among the
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regularly required skills with 75%, 55% and 50% respectively. Addi-
tionally, 50% of Software Architect job-ads require skills on Agile,
Software development practices, and Domain, standards and regula-
tions. Software development practices are skills that help to oversee
software development and make general decisions about managing
the software development life-cycle. Such decisions include the
choice and adherence to specific best practices on the development
process, optimizing the development process, or selecting tools and
IDEs. Domain, standards and regulations are skills that predispose
the experience and familiarity with the business domain at hand, in-
dustry standards that might influence the software and regulations
that the software needs to comply with.

"Good understanding of common information security management standards, frame-
works, and laws / regulations: E.g. BSIMM, ISO 27001, GDPR etc." - Job-ad #93

Finally, 50% of Software Architect job-ads require Microservices
design skills, to decompose services and define how the services
will operate and be orchestrated in containerized environments.

"Construct a solution architecture around Microservices and APIs, and be able to
decompose monolith applications into meaningful implementable Microservices and
APIs in a Cloud/DevOps environment." - Job-ad #67

In total, 4 of the identified hard-skills appear to be related
to soft-skills.

This indicates that human aspects play a role in utilizing these
hard-skills in practice. As shown in Figure 4, skills about Domain,
standards and regulations knowledge as well as Agile are hard-skills
that appear in job-ads, with on average 1.82 and 1.8 more soft-skills
that job-adds without these hard-skills. In addition, Software devel-
opment practices is a hard skill that is accompanied by 1.53 more
soft-skills on average. Therefore, these specific hard-skills seem to
be more closely related to a need for soft-skills than the rest of the
hard-skills. Finally, hard-skills on Microservices design are some-
what related to soft-skills. That is because when they are included
in job-ads 0.76 more soft-skills are also included on average. For the
rest of the hard-skills we do not observe any particular differences
from whether they are included in job-ads or not. Specifically, the
difference of the average amount of soft-skills occurring when they
are included in job-ads is close to 0.

5 DISCUSSION

Our findings bring new details regarding the roles, responsibilities
and skills of practitioners in the context of microservices.

Detailing the organizational structures of companies working with
microservices. The derived taxonomies of responsibilities and skills,
in relation to the roles of practitioners help to define the organi-
zational structures of companies that use microservices. Firstly,
our findings of the study confirm the existence of DevOps, Data
and Web-based software engineer roles, as suggested in previous
research [15, 26]. In addition, the role of Microservices-focused
Software Architect is introduced, with specializations on forming
the organization’s software engineering strategy, product deliv-
ery and cloud engineering. Another specialization introduced in
DevOps engineers is that of DevSecOps, focusing on the security
infrastructure of software.
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Disentangling skills and responsibilities from roles. The presented
details of the responsibilities taxonomy indicate the responsibili-
ties that different microservices practitioners can have. Specifically,
our findings provide detailed descriptions on how all roles are
responsible for support and infrastructure, product delivery, gov-
ernance, process and team development, as well as professional
services delivery. This is in-line with the premise that even though
organizations have experts (e.g., DevOps engineers specialized on
monitoring), there is collective ownership of responsibilities on
engineering tasks (e.g., Web-based software engineers responsible
for infrastructure configuration). We also complement existing re-
search on tasks and activities related to microservices [18, 26], with
the skills that are required to conduct those tasks.

The importance of soft-skills in training and personal development.
Training and development programmes can take our results as input
to determine their contents. The role of soft-skills in the required
qualifications for the job-ads is prominent and thus, training pro-
grammes for microservices practitioners should embed soft-skills
development. The findings of relating soft-skills to hard-skills, indi-
cate which hard-skills should be prioritized to be accompanied with
soft-skills training in programmes. For example, courses in “Agile”
should focus on training soft-skills, which is not unexpected. How-
ever, “Domain, standards and regulations” are surprisingly highly
related with soft-skills. Therefore, courses in such topics should also
provide soft-skills training, rather than only their contents. Finally,
our findings can help structuring and scoping training programmes,
bringing the choice of specializing, for instance to a specific role,
or a specific family of responsibilities, or a specific sub-set of skills,
to help the learning curve of practitioners [26].

The responsibilities taxonomy supporting teamwork. The respon-
sibilities taxonomy can help SE stakeholders to frame their expecta-
tions of who is responsible for different aspects of development. The
taxonomy provides a topological organization of what microser-
vices practitioners are responsible for. This can help set expectations
among practitioners working together. In addition, the responsi-
bilities can help in planning the work for setting up microservices
architectures. Finally, having a clear view of the responsibilities
that microservices practitioners have can also facilitate processes
such as on-boarding of new recruits in their role.

Responsibilities and skills in microservices versus other SE sub-
domains. Existing research investigates the skills of SE profes-
sionals, and our findings present similarities and differences with
such works. Many responsibilities we identified in our findings
are aligned with the identified Requirements Engineering (RE) and
non-RE tasks/sub-tasks [8], such as overseeing transition of require-
ments to code, coordination or project management. In addition,
the ways that we decompose the work of microservices practition-
ers complements the ways that existing research decomposed the
work of testing practitioners [7], with the organization of different
activities of engineers. Our findings naturally extend the state-of
the art, by revealing responsibilities that are not only about RE or
Testing and our analysis organizes responsibilities into families that
have a specific scope. Therefore, we contribute with a structure
for understanding practitioners’ responsibilities and providing a
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framework regarding their scope (e.g., support and infrastructure,
governance, professional services etc.).

The identification of soft- and hard-skills as introduced in ex-
isting research [20] appears also in RE [8] and profiling Al engi-
neers [13]. Our collection of soft-skills largely aligns with existing
collections, even though there are additions. Most importantly, the
derived soft-skills taxonomy complements existing research with
the relation to specific roles and hard-skills, as well as the creation
of themes (e.g., Articulation and transferability of knowledge), that
in the future can be further investigated in isolation.

Human aspects on a spectrum. The human aspects angle in re-
sponsibilities and skills is often taking place as a binary classifica-
tion, both in existing literature [8, 13, 28] and the starting point
of our analysis. For example, often a separation of skills into hard-
skills and soft-skills takes place. However, our results showcase that
the appearance of human aspects is not always binary, but rather
on a spectrum across different skills and responsibilities. On the one
hand, we have human-centric skills and responsibilities (about hu-
man relationships, communication etc.). On the other hand we have
(technical) artifact-centric skills and responsibilities (about tech-
nologies, processes, tools etc.). Between the two extremes, we have
skills and responsibilities sitting anywhere across the spectrum.

For example, human aspects are manifested differently in “Culti-
vate culture, collaboration and coordination” than in “Navigate or-
ganizational structures”, even though they are both human-centric
responsibilities. In the former, human aspects are consciously and
explicitly defined and formally embedded in practice by design.
Whereas in the latter, human aspects are implicitly added since
they need to be considered or used to achieve a direct objective,
(e.g., escalating the communication of a non-functional requirement
across the organization). A similar realization exists in existing re-
search for hard-skills [20] and we showcase how it applies also
for soft-skills. Therefore our findings indicate the appearance of
human-centric responsibilities with different focus.

Furthermore, calculating the relationship of soft-skills to hard-
skills, revealed that different hard-skills require to be accompanied
by soft-skills at a different degree. Specifically, hard-skills such as
domain, standards and regulations, agile, development practices,
and microservices design seem to be related to the existence of soft-
skills (hard-skills that typically occur alongside more soft-skills
than others). In addition, those hard-skills are related to soft-skills
through a different amount of average soft-skills appearing along-
side them. Therefore, human aspects manifest themselves at a differ-
ent degree across responsibilities and hard-skills. Consequently, we
argue that there is a spectrum of responsibilities and skills, ranging
from human-centric to (technical) artifact-centric.

The contributions of the data gathering and analysis approach. We
introduce a systematic approach of gathering online job-ads daily.
Our approach can be used in other research directions, that can be
addressed with data existing in SE job-ads. Furthermore, it can be
combined with existing approaches for consistent and systematic
investigation of job-ads in SE [7, 20]. In addition, the global scale
that our approach covers, evolves existing works in SE focusing on
specific regions [8, 13], with ways to collect worldwide data.
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5.1 Future work

The presented study lays a foundation for future research to further
investigate posts of job-ads, but also to follow-up with studies
on the basis of the findings presented. For example, future works
can use the data gathering script to collect job-ads automatically.
The data gathering script can run for longer periods of time and
record the evolution of skills required in microservices, or other
sub-areas of SE. Moreover, the existing data-set can be used to
gather a larger sampling and extend the analysis. For extending the
quantity of the data analyzed, researchers can try to automate the
analysis of the contents using text-analysis methods (e.g., LDA or
other methods [4]). In addition, job-ads from different recruitment
platforms can be gathered and analyzed to enrich the analysis.

Furthermore, we call for researchers to complement the analy-
sis of job-ads with investigating the perspectives of recruiters or
hiring managers regarding responsibilities and skills of microser-
vices practitioners. Another important direction, is to compare the
responsibilities and skills identified with professional training and
education programmes. This can help to understand how graduates
of training and education programmes actually prepare for their
future responsibilities and required skills. Finally, since there are
studies about skills and responsibilities in different areas of SE,
systematic mapping studies or a systematic literature review can
be beneficial to aggregating the state-of-the art in SE skills.

6 CONCLUSION

Microservices-based architectures are increasingly gaining popu-
larity across different organizations that develop software [3, 9, 21].
The underlying technologies of microservices are becoming di-
verse [26] and further specification of roles and skills is needed [15].
In this study, we analyze 125 job-ads from Glassdoor and chart the
different responsibilities and skills that are necessary for microser-
vices practitioners. We present a taxonomy of 21 responsibilities in 5
families of responsibilities, including Software development support
and infrastructure, software process and team development, software
product delivery, professional services delivery as well as software
engineering governance. Moreover, a taxonomy is provided with
the main (8) soft- and (11) hard-skills required from practitioners.
Finally, we indicate how hard-skills relate to soft-skills.

Responsibilities and skills are stratified in the context of Web-
based software engineers, DevOps engineers, and Software Archi-
tects roles. We find that there is a job market for microservices
software architects, distinct from other known roles. In addition,
we indicate the importance of human-centered responsibilities and
skills, since almost all job-adds include human-aspects. We present
the human-centric families of responsibilities, focusing on the team,
governance, or customer. Moreover, we describe the 5 most de-
manded soft skills: (1) Articulation and transferability of knowledge,
(2) Stakeholders management, (3) Problem solving, (4) Communica-
tion, presentation and negotiation, and (5) Leadership. Furthermore,
we indicate how human aspects play a role in utilizing hard-skills
in practice, since some hard-skills tend to occur alongside more
soft-skills than others. Finally, we discuss and give directions for
future research on unraveling organizational structure, personal
development of practitioners and understanding the manifestation
of human aspects in microservices.
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