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Abstract—This Research-To-Practice Full Paper presents an
agile framework that was created and evaluated in the context
of a continuous professional training and development program
in the IT industry. It was designed with the values and prin-
ciples of Agile Software Development in mind and provides
a learning concept to become acquainted with DevOps and
Cloud Computing practices. While DevOps promises to build,
test and release software faster and more reliably through meth-
ods like continuous integration, continuous deployment/delivery,
automated testing and infrastructure-as-code, the integration of
Cloud Computing services empowers each step of the agile life
cycle through ubiquitous access to computing resources that can
be provisioned with minimal effort. The paper describes the
experiences of creating and applying the didactic concept as well
as observations of conducted work, learning progress, motivation
and achievements.

Index Terms—Lifelong Learning, Continuing Professional
Training and Development, Agile Software Development, Cloud
Computing, DevOps, Project-Based Learning

I. INTRODUCTION

Agile Software Development (ASD) is becoming the stan-
dard for development projects. It is an iterative approach
to project management and software development that is as
unbureaucratic, simple and flexible as possible. According
to the 15th Annual State of Agile Report [1], 94% of the
surveyed organizations have worked with agile frameworks,
mainly Scrum or Scrum-based methods like Scrumban and
Scrum and XP. Over half of respondents (52%) say either a
majority or all of their company’s teams have adopted agile
practices.

Agile approaches are no longer as controversial in terms
of their feasibility and potential. However, implementing and
maintaining agile process models continues to be a difficulty
for many companies. The most significant adoption barriers
include inconsistencies in internal processes, cultural clashes,
organizational resistance to change, lack of knowledge and
experience, absence of leadership participation, inadequate
management support and sponsorship [1], [2]. Bringing the
idea of agility closer to the groups and organizational units
is an important prerequisite to implement and maintain agile
process models [2].

DevOps combines cultural philosophies, practices, and tools
to increases an organization’s ability to deliver applications
and services at high velocity [3]. It leverages the use of
the right tools and automation strategies that streamline and
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simplify the software creation and deployment process. In
combination with scalable IT resources from the cloud, a
flexible working environment is created within which teams
can collaborate in an agile manner [4]. IT resources can grow
or shrink as needed, configured and scaled with ease. Cloud
Computing (CC) facilitates the provisioning of development,
test and production environments and makes it easier for agile
development teams to combine them with other services from
the cloud.

This nexus gives rise to the idea of deriving an educational
group project that combines the concepts of ASD, DevOps
and CC. Having a group or organizational unit that supports
and promotes agile and cloud approaches is an important
prerequisite to implement and maintain modern concepts of
working. The ability to work effectively in a team is an
important skill for any software developer working in an agile
environment [5]. Through working with educational projects
in software engineering, teams can tackle authentic problems,
share diverse perspectives and develop their own knowledge
and skills in relation to peers. It can be an effective method to
motivate, encourage active learning and develop critical think-
ing, communication, leadership as well as decision-making
skills [6].

II. THEORETICAL FRAMEWORK
A. Agile Software Development

The Manifesto for Agile Software Development [7] de-
fines the foundation of values and principles for ASD which
underpin a broad range of today’s software development
methodologies. The Agile Manifesto raised awareness of agile
development, but also of the ideas behind agility in general.
The seventeen signatories to the manifesto proclaim four
foundational values and twelve supporting principles which
lead the agile approach to software development:

“We are uncovering better ways of developing software by
doing it and helping others do it. Through this work we have
come to value:

o Individuals and interactions over processes and tools

o Working software over comprehensive documentation

o Customer collaboration over contract negotiation

« Responding to change over following a plan
That is, while there is value in the items on the right, we value
the items on the left more.” [7]



With the Agile Manifesto, they want to express that software
development is about people and their relationships. The
people involved have different individual requirements, needs,
and goals. Their collaboration should be supported by and not
be subordinated to the agile processes and tools. A working
software is more meaningful and important than a detailed
documentation down to the last detail. The collaboration
should be based on partnership, on eye level, looking together
constructively forward into the future. Trying to contractually
regulate everything in advance is futile, as software devel-
opment is a complex and challenging process where hurdles
and obstacles reveal themselves along the way. In the case of
problems, looking at how to solve problems together instead
of demanding predefined contracts is key for useful results. It
is not wrong to make a plan, but it needs to be adjustable and
the team should always question this plan.

B. DevOps

DevOps is a software engineering culture and philosophy
that aims at building, testing and releasing software faster
and more reliably through automation [8]. It leverages cross-
functional teams to facilitate feedback cycles and collaboration
between development and IT operations and uses methods,
including but not limited to continuous integration, continuous
delivery and deployment, automated testing and infrastructure-
as-code, to improve quality, speed and security in software
delivery [8].

CI/CD is the combined practice of continuous integra-
tion (CI) and continuous delivery/deployment (CD). CI/CD
promises to help software development become more agile by
delivering software faster and more reliably than traditional
approaches. The goal of CI/CD is to create a cohesive release
process driven by automation that reduces periods between
deployments from months or weeks down to days or even
hours [9].

The Infrastructure as Code (IaC) principle denotes that
infrastructure is managed and provisioned by code, not by
manual processes. Configuration files contain all infrastructure
specifications, ensuring that the same environment is provi-
sioned every time. It aims at minimizing human interaction
in the build-deploy cycle, which thereby becomes faster, less
error-prone and better auditable [10].

Automated testing is the application of tools to automate
the process of software testing. There are different views of
testing, which can be addressed based on testing levels, testing
models, testing types and testing techniques [11].

C. Cloud Computing

A definition that is mostly used in professional circles is
provided by the National Institute of Standards and Tech-
nology (NIST). It describes CC as “a model for enabling
ubiquitous, convenient, on-demand network access to a shared
pool of configurable computing resources (e.g. networks,
servers, storage, applications, and services) that can be rapidly
provisioned and released with minimal management effort
or service provider interaction.” [12] NIST also set out the

five essential characteristics, three service models and four
deployment models nowadays widely used in literature.

It is characteristic that a consumer can unilaterally undertake
the provisioning of resources running automatically without
the need to interact with the service provider in person (Self
Service). The services are available via the network, accessed
through standard mechanisms and are not tied to a specific
client (Broad Network Access). The provider’s resources are
pooled to serve multiple users based on a multi-tenant model
(Resource Pooling). Resources can be rapidly scaled outward
and inward in line with demand (Rapid Elasticity). Trans-
parency is provided to users and suppliers by performing
ongoing, traceable measurements (Measured Service).

The service models are distinguished by the level of ab-
straction they present to consumers. The lowest level is In-
frastructure as a Service (laaS) where users have control over
the operating system, storage as well as deployed applications
and can partially configure networking components, while the
underlying infrastructure is managed by the service provider.
Platform as a Service (PaaS) is the next level up. User
control is limited to the deployed applications and a range
of configuration options for the hosting environment, the
network, servers, operating systems, and storage are managed
by the service provider. In Software as a Service (SaaS), almost
all components of an application are run and managed by the
service provider.

Deployment models determine where the infrastructure re-
sides and who has control over it. Datacenter infrastructure
providing services for the general public is referred to as
Public Cloud. Computing services offered only to select
consumers is called Private Cloud. A Community Cloud limits
its services to multiple organizations with similar interests. A
Hybrid Cloud is a combination of two or more different cloud
infrastructures.

D. Project-Based Learning

Project-Based Learning (PBL) is an instructional method-
ology that encourages learners to solve real-life problems
while fostering engagement and critical thinking. Markula and
Aksela [13] analyze six key characteristics of PBL that were
originally proposed by Krajcik and Shin [14]:

e Driving question - Projects are centered around solving
a problem.

e Learning goals — Practical goals set by instructors and
learners determine the intended purposes and desired
achievements of a project, such as knowledge, skills, and
capacities individuals should achieve.

 Scientific practices — Participants use scientific practices
to carry out research, such as asking questions, explo-
ration, interpretation, presentation and reflection.

e Collaboration — Any interaction that takes place in the
course of the project, either between the learners, between
instructors or with outside partners.

o Using technological tools — Technologies are used to
facilitate project realization.



o Artefact — Artefacts are concrete creations that are a result
of the project.

A software project typically has a start and end date, even
if the end date is not always fixed from the start. Projects arise
from identified problems and operate within the framework of
limited resources. A project is based on methods, procedures
and process models, usually specified in a project plan, to
provide transparency, controllability and repeatability. Project
risks include unclear or unrealistic project plans, inaccurate
estimates of effort, and overly demanding requirements [15,
pp- 53-92].

III. STATE OF RESEARCH

PBL has become a widely used method of teaching in
software engineering. There are many benefits of using PBL
in Informatics courses, but also challenges and drawbacks
that have been identified. A range of PBL approaches for
ASD have been documented and evaluated by research. [16]
describes an undergraduate capstone course on ASD using
Scrum following core software engineering courses that taught
the traditional approach. Anslow and Maurer [17] provide
an experience report of teaching an ASD project course
that involved teams developing web applications. Pérez and
Rubio [18] have shown that academic performance in software
engineering courses has improved compared to the period
when PBL was not used, and the students themselves value
the experience positively both for learning the subject and for
improving their training as engineers. Teaching of theoretical
concepts in software engineering with no link to their practical
applications or no examples in the student’s context is likely to
discourage learning, thus it is fundamental that the teaching
of software engineering provides solid links between theory
and practice, which can be achieved through integrating group
projects [6].

CC education is a young research area which deals with
the application of CC in the education context [19]. It aims to
provide methods for supporting instruction with cloud-based
tools but also teaching about CC in computer science courses
[20], [21]. Up to now, there has been little research on using
and teaching CC in PBL. In a literature review, Wolfschwenger
and Sabitzer [22] analyzed widespread challenges of CC
adoption in the education sector. Cakiroglu and Erdemir [23]
analyzed the role of cloud-based tools in an online PBL
setting, showing that CC technologies have adequate potential
for supporting PBL by facilitating planning and distributing
tasks, implementation, reporting, presentation and evaluation
of stages of PBL. CC supports the agile process by increasing
simplicity, reducing costs, minimizing the need to make far-
reaching predictions, encouraging experimentation and closing
capability gaps [4], [24]. The significant proportion of research
type contribution in terms of ASD with CC is solution proposal
with existing tools, the second research type contribution
is case study, dealing with team collaboration, provision of
development environments on the cloud and the benefits and
impact of CC on ASD [4].

Since DevOps is a cultural, procedural and technological
movement, DevOps education is different from other kind of
technical training. It is not a common practice yet to provide
such strongly technology-oriented and technology-dependent
courses that could catch the fast development of both theory
and practice of the software development and the continuously
evolving platforms facilitated by cloud technologies [25].
Demchenko et al. [25] present a concept and recommendations
on the design and pilot implementation of DevOps and cloud-
based software engineering in computer science and software
engineering curricula. Pang et al. [26] used Grounded Theory
to study DevOps education from academic and industrial
perspectives, proposing future studies on whether embedding
different DevOps processes into programming assignments
will improve learning outcomes, whether DevOps skills are
transferable, whether DevOps adds value to academic publi-
cations and can initiate joint DevOps research with computer
science academics in non-software engineering specializations,
whether knowing DevOps improves employment opportunities
and speeds up job integration and how DevOps is adopted and
implemented in industry.

IV. METHODOLOGY

The framework was developed and applied in the context
of an in-company professional training and development pro-
gram, which is based on collaborative learning principles and
promotes the integration of constructive community engage-
ment with instruction and reflection to create active learning
environments and mutually beneficial partnerships. The first
researcher is part of this community and, as one of the course
organizers, responsible for providing and managing the course
design and delivery.

Action research was applied, with the goal of developing
both the practical situation and the knowledge about the
practice [27]. Action research is intended to support teachers
in coping with the challenges and problems of practice and
carrying through innovations in a reflective way [28]. The
study is situated around a group of experienced software
engineers in a monthly community-based upskilling course.
The researcher has an active research role and gains experience
through collecting and analyzing the data.

V. DESIGN

The agile framework is intended to serve as an overarching
guideline based on which the optimal procedure during the
course can be derived. It determines the course structure, suc-
cess criteria, and key deliverables to be provided by instructors
and learners. We are not building on any pre-defined agile
methodology, but try to cover the main concepts of agile
development based on the values and principles of the Agile
Manifesto [7]. The PBL design follows an agile approach,
meaning that the team re-evaluates the effectiveness of the
methods at the end of each cycle, and continuously adjusts
the specific learning objectives and the ways to achieve those
goals. The purpose is not to build a predefined product, but
to create the path to get there and to assess what was learned



along the way. The project plan embraces integral concepts of
agile methodology, including estimation techniques, iterative
planning, incremental design, reviews and retrospective analy-
sis. Our conception of the agile framework along with driving
questions for each stage is illustrated by Figure 1.

Engaging participants and encouraging learning through
modeling has priority over implementation activities. Student-
centered modeling has shown to be an effective instructional
strategy in science education. Building models of one’s own
mental representations and discussing them publicly can re-
sult in better understanding of the targeted phenomena and
processes [29]. It would be exceedingly laborious, if learners
had to rely solely on the effects of their full implementations
to inform them what to do. Nevertheless, experimentation to
grasp particular behavior of software, systems and services
is of course desired and necessary. Learning outcome is
based on the quality of collaborative planning, modeling,
experimentation and reflection in heterogeneous teams.

Course instructors are responsible for the organization of
the course and the management of the backlog of learning
objectives. They define user stories based on the learning
objectives, divide course participants in heterogeneous teams
and distribute responsibilities. User stories are a suitable means
to capture requirements in a structured form [30]. The compo-
sition of well-balanced, effective development teams is impor-
tant for facilitating learning, fostering learners’ motivation as
well as obtaining a successful project outcome. Dzvonyar et al.
[31] propose a process for composing development teams in
software engineering project courses based on a set of criteria:

e Practical Constraints - Teams are similar in size unless
a project requires more manpower due to a challenging
problem or requirement. The technologies involved in the
course determine which devices are needed for develop-
ment and testing. Furthermore, a certain flexibility should
be provided in terms of scheduling within the team for
team meetings or work sessions.

e Skill Distribution — The best learning outcome for all
course participants can likely be achieved if a setting is
created in which less experienced students can learn from
their more advanced peers. If a project requires experi-
ence in a particular field or technology, the requirements
should be met by participants whenever possible.

e Motivational Factors — When there is a surplus of inter-
ested individuals, participants should be prioritized based
on their motivation for the project course as a whole.
Also, participants should have the possibility to prioritize
the projects offered so that they work in projects they
enjoy.

e Personal Criteria — To ensure cultural fit within a team,
compatibility of work habits and way of thinking should
be considered. Fostering collaboration across genders
can break down stereotypes. The group should also be
balanced in terms of language skills.

The size of software project teams is an important aspect
of project outcome. Rodriguez et al. [5] found that projects

with an average team size of 8 or fewer people are less
productive than groups above this threshold, enhancement
projects have a better productivity than new projects and the
type of programming language has an impact on productivity.
Therefore, we take these criteria into consideration so that
groups are not too large and well balanced. Teams may be
reconstituted after each cycle, and it is desirable that teams
develop different models in parallel to encourage the exchange
of ideas and sharing of knowledge in the collective reviews.

By mapping the complexity of the Software Development
Life Cycle (SDLC), which occurs in both classic and agile
projects and should therefore be familiar to every software
developer, to an educational group project, we strive for the
internalization of software engineering skills among partic-
ipants. By originating from the well-known SDLC, instruc-
tors can build on participants’ prior knowledge and make
progress toward an agile methodology. The SDLC consists
of standardized phases that a software development team goes
through when developing a new application. The number and
characteristics of the respective phases can vary depending
on the software development methodology and framework.
The phases occur in each approach, but may have different
names or be condensed depending on the framework. The PBL
design is aligned with the goals of enhancing web development
skills in combination with CC and raising awareness for ASD
and DevOps practices. The specific procedure within a project
depends, to a large extent, on the complexity of its tasks as
well as a number of internal and external factors, such as
the type of technology used, the number of decision-makers
involved and the size of the available budget.

A. Planning phase

At the beginning, measures need to be taken regarding the
framework conditions and the learning environment. Learning
goals are determined, user stories are specified, anticipated
scope and resources are clarified, and feasibility is assessed.
Instructors work together with experienced participants to
make decisions about the scope of the upcoming lessons. They
determine the requirements and reconcile them with the learn-
ing objectives derived from the learners’ needs. These should
be individuals who know the participants, their strengths and
weaknesses and have the ability to evaluate the importance
of a learned skill as well as what operational purposes its
features might serve. Ideally, software is designed that arises
from actual business requirements.

In almost every agile methodology, the use of estimation
methods is an integral part in planning [32]. Each team should
come up with an estimate of the complexity of the user
stories relevant for the upcoming iteration. The estimates of
the individual teams should be compared and discussed in a
joint meeting. In ASD, relative estimation (A is more complex
than B) is preferred over absolute estimation (e.g. two person-
days of effort), because the effort is strongly dependent on
who estimates and who does the work in the end, and also at
what time and on what level of knowledge the estimate is being
made [33, p. 161]. Kusay-Merkle [33, p. 165] describes a range



o What are the learning objectives?
o What user stories can be derived?
o What are their complexities?

o Who will be responsible for what?

Retrospective

o What went well?

o What did not go so well?

o What have | learned?

o How can the process be improved?

Modeling

o What cloud and on-premises
architectures can be designed that
accommodate the user stories?

o What DevOps strategies can be
adopted? (CI/CD pipelines, laaC,
automated testing, ...)

o Which solution is the most practical?
(w.r.t. complexity, extendibility,
uncertainty, cost, ...)

o How do the cloud-based designs differ
from the on-premises options?

Fig. 1. The agile life cycle with driving questions for each stage.

of methods that can be used. When the estimates are far apart,
it signals that the problem has been understood differently. A
developer with a low estimate may know of a library or tool
that can speed the implementation up; a developer with a high
estimate may know of a pitfall that others have forgotten. The
estimates help to talk about the plan and also act as a barometer
for the scope of the increment.

B. Modeling phase

Software design is the process that defines the architecture,
components, interfaces and other properties such as data
structures and algorithms. A tech stack is selected including
programming languages, frameworks and libraries in the front
and back end and decisions are made regarding database and
third-party services. By choosing a suitable software design,
development work can be simplified so that, for instance,
frontend and backend can be programmed separately. Agile,
iteration-based development supports using the microservice
approach, in which complex software is generated from inde-
pendent processes that communicate with each other through
language-independent programming interfaces [34].

Decisions need to be made on the infrastructure level, such
as whether the software will be deployed on-premises or in
the cloud and whether it will be a public, private or hybrid
cloud approach, and which service models to consider. It is not
always necessary to build everything from scratch and manage
every component down to the smallest detail; in many cases,
a suitable cloud service based on PaaS or SaaS is readily

available and can be used to streamline development. To be
able to make comparisons between cloud and on-premises
architecture models, groups should complement each other
with their approaches.

The teams should also consider how to use DevOps prac-
tices effectively. The design needs to include strategies how
the underlying infrastructure can be deployed via code and
how the application can be steadily integrated and checked
for interoperability, potential errors and bugs with the help of
CI/CD pipelines. Identifying appropriate testing strategies is
an important aspect.

C. Review phase

The teams come together to inspect, compare and discuss
their individual architecture models. The results of the past
iteration are presented. Feedback from peers is solicited. The
meeting does not require a great deal of preparation, since no
formal presentation needs to be made. Only completed models
may be presented, which should increase the motivation to
finish the assignment.

The meeting should highlight the variations and analogies
between the on-premises and cloud architecture models and
build and expand on the knowledge of each individual. The
complexity of the individual architecture models as well as
the uncertainties, efforts and costs involved with the possible
implementation should be assessed and estimated.



D. Retrospective phase

The retrospective meeting allows the team to discuss what
went well or needs to be improved regarding people, relation-
ships, processes and tools and to make commitments to address
the most pressing issues. All participants must truly believe
that everybody involved is equally committed to success. The
process will probably fail if participants feel insecure or do not
trust others on the team. Matthies et al. [35] review common
retrospective activities and potential problems associated with
them.

VI. EVALUATION

We report our last year’s experiences of applying the di-
dactic concept as well as our observations of conducted work,
learning progress and achievements. Additionally, reflections
of the learners that were collected in a research diary are
recapped and analyzed with regard to intrinsic motivation,
perceived competence, learning success, social engagement
and other factors.

The agile framework was applied in an in-company up-
skilling course in the IT service industry, which comprised
monthly two-hour gatherings carried out mainly online due to
Covid-19 restrictions in Austria [36]. Around ten people were
regularly involved. The group was heterogeneously distributed
in terms of development experience, ranging from six months
to multiple years of professional experience. Each team mem-
ber had at least a solid foundation of programming basics as
taught at technical high schools, colleges and universities. We
did not set an end time for the project because of its per-
petual nature. We decided on continuation in the retrospective
meetings under consideration of motivational factors, available
learning opportunities and technical feasibility. After twelve
months, the agile structure was well established, topics for
ongoing training did not run out and the program has therefore
been continued.

Continual alignment of the topics with the needs of the
learners was an important part in the execution of the project.
A list of target areas was created and kept up-to-date based on
learning objectives derived from regular surveys of learner’s
skills and needs for development. Learning objectives were
discussed and user stories were drafted with experienced
colleagues in the planning phases. Also, online questionnaires
pertaining to key topics were sent out to get more quantitative
responses. This allowed us to gain insight into the extent to
which skills were developed and which topics were perceived
as important for the job and thus necessary for the learners.
Becoming acquainted with a variety of cloud services, improv-
ing web development skills and familiarizing oneself with the
agile way of working were the main objectives of the course.

Based on the learning objectives, project ideas were col-
lected that should fulfill a practical purpose. But also com-
pletely detached examples were covered, which served purely
educational purposes. In this context, it must be mentioned
that it was sometimes difficult to find ideas that fulfilled the
learning objectives on the one hand and provided a solution for
current issues on the other hand. Aligning both sides requires

a deep knowledge of the operational requirements as well as
the required skills of the learners and was therefore driven by
experienced individuals in the first place.

Multiple short cycles took place, which continuously
brought about small but functional progress. In the proposed
way of working, it is critical to come to presentable results
in a timely manner, without getting lost in the details, in
order to be able to provide an opportunity for change, to
discuss further courses of action regularly and to reshape the
requirements, even fundamentally, if they cannot be fulfilled
or the output does not meet the expectations. The microservice
perspective has proven to be supportive when working in
agile frameworks and short cycles. No large monoliths should
emerge, but small components that are functional, deployable,
have an independent interface and single responsibility.

Placing emphasis on the use of the microservice approach
constitutes a good basis for structuring applications as a
collection of loosely connected services, promoting separa-
tion of concern and thus collaboration. JAMstack, which is
an acronym for JavaScript, APIs, and Markup-HTML, was
valued for web application design. It is a modern architectural
pattern for building websites and applications [37]. The rapidly
adopted architectural style in web development goes in line
with the microservice approach. Compared to a traditional
(monolithic) web server model, a JAMstack architecture does
not build on a central server running the entire system, but
rather relies on decoupled and independent systems that are
integrated through APIs [37], [38]. The frontend and the
backend are considered separately and can be served and de-
veloped independently of each other. It builds on the static site
generator model, which offers a simple method of managing
content by serving a full static website [39]. If a modular
structure is chosen, software components will be able to work
relatively independently. Separate development of services that
are to a large extent decoupled and complete only small tasks
allows better compatibility with other systems and testing.

Member dropout can be disruptive because each individual
has unique skills and stake in the success of the project. It can
be frustrating to pick up where someone else left off. Conse-
quently, the possibility of a team member leaving needs to be
expected. Short iteration cycles with broad participation and
comprehensive reviews can compensate for those limitations.

It is a common mistake in project management to under-
estimate the duration time of tasks. To avoid this, the project
scope should be kept as flexible as possible. The focus should
be placed on meeting the minimum requirements as early as
possible. Especially in vocational training courses, it is likely
that participants are not always available.

Different estimation techniques were used to estimate com-
plexity of user stories in agile projects. Planning Poker was
preferred over T-Shirt Sizes and Magic Estimation methods,
because it yielded good results and was an amusing way to
estimate requirements as a group, although the structure of
the technique itself is not entirely intuitive. The result is not
the estimate of a single expert, but that of a team that has
jointly arrived at this result. This increases the quality of



the estimate and the acceptance in the team. Furthermore,
estimation sessions yielded lively discussions, and learners
progressed per iteration. User story-based estimation supports
the bottom-up approach, where requirements are broken down
into smaller manageable parts depending on the necessary
accuracy.

Cloud platforms have been used not only for hosting
and building the applications, but also for creating CI/CD
pipelines, source code management and discussion of the
possible architectures. Licenses and subscriptions with a public
cloud service provider were available and provided by the
organization so that experimentation with DevOps practices
such as [aC and automated tests could be carried out easily.
The initial development effort for CI/CD is usually higher,
because the pipelines for the respective software project must
first be developed. In the long term, however, the process is
usually more sustainable and resilient against errors.

A modern development platform providing DevOps support
was the building block for coordination, sharing, and collab-
oration across the teams and the management of the backlog
of learning goals and user stories. Most of the available
cloud platforms, either public or private, support DevOps
systematically on the platform, including tools for automation
[40]. This creates a central basis for source code management
and experimentation with CI/CD pipelines, IaC deployments
and automated testing.

PBL has been used as an active learning method. Over-
all, the learners participated actively, constructively and con-
tributed to a productive meeting. The general tenor in the
course was that gathering, understanding, analyzing and spec-
ifying requirements was supported by the structured form
of user stories. Modeling the architectures, estimating user
stories and reviewing the outcomes encouraged interaction
and lively discussions. It was motivating to work on an
application that actually served a real-life purpose. Sometimes,
experience reports from other projects were included. We used
the Developer’s Journey framework, which is a storytelling
concept based on narrative learning principles for software
engineering [41].

It was strongly agreed that programming and coding,
problem-solving, logical thinking, communication, teamwork,
critical thinking as well as project management can be consid-
ered as relevant software engineering skills. The course was
found useful to develop the skills required for improving at
the workplace. In addition, it was well received overall to try
things out and experiment together on new topics.

VII. DISCUSSION

Agile practices with DevOps and CC provide numerous
benefits for software delivery including automation of the soft-
ware release process, improvement of productivity and quality
by freeing developers from manual tasks and possibility of
additional types of code tests. Cloud platforms are common
destinations of delivery automation, because their different
service and deployment models provide abstraction as well

as a multitude of components-off-the-shelf to achieve fast and
easy application building, hosting and deployment [42].

The more complex and monolithic programs get, the more
interwoven and difficult they become to troubleshoot, main-
tain, extend and reuse. Microservices serve as a remedy to
these shortcomings, insofar as this approach aims at simpli-
fying the architecture and make the systems more modular
and maintainable. Analyzing the outputs of the iterations in
terms of the IDEALS properties of microservices could give an
estimate of whether the sprint has produced functional results
that can be tested and assessed by users [10]:

o Interface Segregation - There is often a multitude of client
programs (frontends) to the same service logic, which is
the main motivation to apply interface segregation to mi-
croservices. Each type of frontend should see the service
contract that best suits its needs instead of imposing the
same service contract on all types of service clients.

e Deployability — Microservice developers should ensure
that the software and its new versions are readily available
to its users by configuring the runtime infrastructure,
scaling microservices in and out based on the needs,
conducting the CI/CD process, minimizing downtime and
monitoring the health of the services.

o Event-Driven — Backend services are typically activated
using HTTP call, RPC-like call using a platform-specific
component technology or an asynchronous message that
goes through a queue in a message broker.

o Availability over Consistency — Accepting the risk of
occasional inconsistencies should have priority over a
system that goes out of service because of trying to
enforce strong consistency for a nice to have feature.

e Loose-Coupling — If the service contract is tightly coupled
to the service logic or technology, then it is more prone
to change when the logic or technology needs to evolve.

e Single Responsibility — The notion of single responsibility
refers to the cohesiveness of services within a microser-
vice. The microservice architecture style dictates that the
deployment unit should contain only one service or just
a few cohesive services.

Web engineering is concerned with the methodologies,
techniques and tools that are the foundation of web ap-
plication development and support the design, development
and evolution process [43]. Web application development has
certain characteristics that make it a specialization of tradi-
tional software engineering. It incorporates new approaches
to meet the unique requirements of web-based applications.
Particularly important cornerstones in web applications are
interfaces, not only to the users, but also to other applications
that communicate by means of standardized web protocols.
The use of JAMstack that arose in the group project enabled
an independent development of software components to a great
extent, which can therefore be seen as a well-suited software
design framework for a group-based learning approach.

It is difficult to accommodate all learning needs in a pro-
fessional training and development course. With this method,



we think that we have covered different levels of learning
requirements. More experienced developers are responsible for
the software architecture, less experienced team members are
immersed into an agile development, code review and design
process with experts.

VIII. CONCLUSION

A PBL approach based on the values and principles of ASD
and DevOps has been presented. Its purpose is to structure
a continuous education program for experienced software
engineers in web development with cloud focus. Over time,
it has become apparent that the agile approach can also be
useful for other disciplines of software engineering and can
be viewed as a general framework for continuous, lifelong
learning in a cooperative learning environment.

In software engineering, it is generally important to stay
up to date, be well versed and specialized with a technology
stack and comprehend different frameworks and templates.
Software engineers are responsible for designing, building,
testing, maintaining and operating software systems [44].
Thus, it was vital to address the corresponding requirements
for skills in a learning design.

The more companies move away from the sequential wa-
terfall model towards ASD, the more important it becomes to
train employees and prospects in this direction. The use of
ASD, DevOps and CC practices in the school and academic
sector and their integration in curricula has been demanded by
many, and there have already been some practical approaches.
An evaluation of the presented agile framework for software
engineering education in other contexts would provide oppor-
tunity for a comparative study.
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