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ABSTRACT
Software Quality (SQ) is a fundamental aspect of Software Engi-
neering (SE) and is approached in different ways and disciplines
in Computer Science undergraduate courses. Considering the na-
ture of SQ, its learning should be based on practical experiences.
Recently, the curriculum guidelines for undergraduate courses in
Brazil were changed to require that 10% of the course workload be
dedicated to extension activities. Extension plays a crucial role in
students’ education, as it aims to provide benefits for society and
contribute to a more comprehensive education, including social
aspects in addition to technical ones. Considering this scenario,
the “Ricardo de Almeida Falbo” Software Engineering Practices
Laboratory (LabES) was set up at DI/UFES. It aims to apply SE
methods, techniques, and practices to enable students to produce
quality software, bringing their education closer to the needs of the
various productive sectors and producing results for society. In this
paper, we introduce LabES, explain how it works, present some of
the produced artifacts and projects, and share lessons learned.

CCS CONCEPTS
• Software and its engineering→ Software creation and man-
agement;
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1 INTRODUCTION
The contemporaneous and digital society has depended more and
more on software applications to support people’s lives and organi-
zations’ activities. The software quality influences the quality of the
results obtained when using the software product and is directly
related to the practices adopted to engineer it [10]. As the need for
quality software grows, the significance of Software Engineering
(SE) professionals increases in the industry.

SE is a systematic, disciplined, and quantifiable approach to
software development, operation, and maintenance. It emphasizes
the need for methods, tools, and best practices to ensure software
quality [18]. Hence, to produce quality software, we need proper SE
practices, and, to perform such practices, we need good software
engineers, who require theoretical and practical knowledge.

Qualified training and the qualification of professionals are in-
creasingly necessary in the society we live in. Specifically in SE
education, the quality of professionals is directly related to the
quality of education [2]. Additionally, the quality of SE education
can contribute significantly to improving the state of the art of
software development and help solve problems and crises related
to software industry practices [11]. Thus, it is important to teach
concepts, processes, techniques, methods, and tools for managing,
developing, and maintaining software. Moreover, due to the SE
nature, its learning should be based on practical experiences [23].
SE education is a key issue that has implications in the software
industry, particularly in emerging countries [24]. Software Quality
(SQ) sits at the core of SE as a discipline [6].

In 2014, the Brazilian Education National Plan – PNE 2014-2024
– (law 13.005/2014) established a set of goals aiming at improving
the education of Brazilian citizens. As a result of this plan, in De-
cember 2018, the Brazilian National Education Board published the
Resolution CNE/CES nº 7, which establishes that at least 10% of the
workload of undergraduate courses must be dedicated to extension
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activities. The undergraduate courses curriculum should adhere
to the new extension minimum workload by the end of 2021. The
deadline was extended by one year due to the COVID-19 pandemic.

A university is constituted of teaching, research, and extension,
and the inseparability of these three pillars characterizes it. How-
ever, the latter had been optional for students. With the change in
the curricula, extension becomes part of the mandatory training
course for all undergraduate students in Brazil. Extension plays a
crucial role in students’ education. By getting students closer to
the external community needs, extension contributes to develop-
ing their social and soft skills. In addition, by enabling students
to produce solutions to real problems, extension also helps them
develop technical (hard) skills. Moreover, extension activities are
the main link between the university and society and, thus, allow
for providing benefits for the community external to the university.

At the Computer Science Department (DI) of the Federal Univer-
sity of Espírito Santo (UFES), the Computer Science and Computer
Engineering undergraduate curricula started to require students
to dedicate 10% of the course workload to extension activities in
2022. Extension can be developed through activities in initiatives,
such as programs, projects, events, and the provision of services.
All the extension initiatives must be recorded in ProEx, the organi-
zational unit devoted to extension at UFES, and the departments are
responsible for providing the extension initiatives for the students.

Considering the increase in the demand for extension initiatives,
the importance of extension activities to the students’ education,
the students’ interest in roles related to SE,1 and the relevance of
practical experiences to learning SE, we created the “Ricardo de
Almeida Falbo” Software Engineering Practices Laboratory (LabES).
On one hand, the laboratory aims to enhance the students’ educa-
tion by applying SE methods, techniques, and practices to produce
quality software that meets the needs of real users. On the other
hand, it seeks to produce software that contributes to society.

As extension activities have only recently turned into a manda-
tory requirement in many Brazilian undergraduate courses, their
use as part of the SQ and SE education has not been much discussed
yet. Aiming to take a step towards bridging this gap, in this paper,
we report our experience at LabES. We expect to contribute to other
education professionals and researchers by sharing practices and
materials we have adopted, raising some ideas and concerns, and
providing examples of how we have worked in our laboratory.

The paper is organized as follows: Section 2 provides a brief
background about the main methods used in LabES; Section 3 dis-
cusses related work; Section 4 introduces LabES; Section 5 presents
the standard software process we follow in the projects; Section 6
describes how we work at LabES; Section 7 shares lessons learned;
and, Section 8 presents our final considerations.

2 BACKGROUND
In this section, we present a brief theoretical introduction to the
main SE methods employed at LabES.

PM Canvas. Is a method based on Neuroscience and Project
Management foundations to visually represent the main elements

1A survey performed in March 2023 with Computer Science graduated students of
DI/UFES revealed that around 40% of them had played roles related to SE (e.g., developer,
project manager).

of a project plan and the relationships between them. The elements
are organized into blocks of fundamental questions (Why, What,
Who, How, When, and How much) and represented on a single
page. The main purpose of PM Canvas is the agile, collaborative,
and clear definition of a project plan. It facilitates understanding
of the project, improves communication, increases objectivity, and
makes it easier to identify problems [13].

Scrum. Is an agile framework that employs an iterative and
incremental approach to optimize predictability and control risks.
Scrum involves three roles: product owner, played by a person acting
on behalf of the client and responsible for maximizing the value
of the developed product; development team, which is responsible
for developing the product; and Scrum master, a facilitator who
ensures that the development team is provided with an adequate
environment to complete the project successfully. The development
process is organized in time-box events called sprints. Product re-
quirements are recorded and ordered in the product backlog, which
can constantly change. At the beginning of each sprint, there is
a sprint planning meeting and the team selects from the backlog
the items to be addressed in the sprint and plans the work to be
done. The planning result is recorded in the sprint backlog. A sprint
produces a deliverable product that implements one or more user
interactions with the system. During the sprint, the team holds
daily meetings aiming at optimizing the probability of meeting the
sprint goal. Before delivering the increment produced during a
sprint, the team performs a sprint review meeting to inspect the
produced increment and adapt the product backlog if needed. At
the end of the sprint, there is a sprint retrospective meeting, when
the team evaluates and reflects on itself and the project [21] [19].

Continuous Software Engineering (CSE). Consists of a set
of practices and tools that support a holistic view of software de-
velopment to make it faster, iterative, integrated, continuous, and
aligned with business [1]. CSE aims at establishing an end-to-end
flow between customer demand and the fast delivery of a product
or service. The ‘big picture’ by which this might be achieved goes
beyond agile principles and surfaces a more holistic set of continu-
ous activities [9]. In CSE, customers are proactive, and users and
other stakeholders are involved in the process, learning from usage
data and feedback. Planning is continuous, as is requirements engi-
neering, which focuses on features, modularized architecture and
design, and fast realization of changes. Agile practices are employed,
including short cycles, continuous integration, continuous delivery,
and continuous deployment of releases. There is version control of
code, branching strategies, fast commit of code, code coverage, and
code reviews. Quality assurance involves automated tests, regular
builds, pull requests, audits, and run-time adaption [12].

3 RELATEDWORK
Several works (e.g., [3] [17] [8] [7]) have reported the use of projects
in SE courses combining theoretical classes with projects address-
ing real-world problems. However, the dependence on stakeholder
participation and the predetermined duration of the curricular com-
ponent often lead to the projects not being completed. Some works,
such as[15] and [16], have reported the experience of using one
specific extension project to improve students’ knowledge.
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Among the works we found, only a few have approached exten-
sion in the SE context as a continuous initiative, such as a laboratory,
program, or extension group. [22] presents the CodeLab-Unifesp
extension group, which aims to develop software for social pur-
poses by applying SE techniques and a research and development
(R&D) process. The group relies on the active participation of pro-
fessors, but students assume responsibility for the organization,
project management, and technology choice. [4] introduces the
Academic Software Factory extension program, which develops
software for the university demands, o�ers consultancy, and sup-
ports undergraduate course conclusion work development and
internship, where students participate in projects carried out in an
environment similar to software organizations.

Comparing our work to [22] and [4], all employ project-based
learning (PjBL) [5], use extension projects to teach SE methods
and practices, and report continuous initiatives rather than a single
project. As for the development process, [4] informs that adopts
Scrum and XP, but does not describe the process. [22] adopts an
R&D process (problem investigation, solution design, validation, im-
plementation, and evaluation). Only our work describes the process
in detail, which, in addition to Scrum, incorporates other methods
and practices, such as PM Canvas and CSE. Regarding tools, [4]
cites �ve. Our work is the only one to o�er a rich catalog describing
in detail the adopted tools and methods � students and the external
community can use it. Regarding lessons learned, [22] outlines �ve
(planning �exibility, continuity focus, �exible partnerships, itera-
tive feedback, and use of appropriate technologies and tools). We
present 14 new lessons learned from the use of extension projects
to improve SE and SQ education.

4 THE LABORATORY
LabES was originally founded in 1999 by Ricardo de Almeida Falbo2

as the �Software Engineering Research Laboratory�. As the name
suggests, it focused on research projects. In 2006, the laboratory
and its research projects were merged into the Ontology & Con-
ceptual Modeling Research Group (NEMO). In 2021, we decided
to �reopen� LabES, now focusing on extension projects. We named
the laboratory �Ricardo de Almeida Falbo� Software Engineering
Practices Laboratory, to honor and acknowledge the important role
Falbo played in the SE community.

Currently, LabES has four senior members (professors) � this
paper's authors � and 32 students. Other 42 students were members
of LabES in the past three years. At LabES, we employ methods
centered on the student and professors act as facilitators. Students
are allocated to project teams for project-based learning.

At this moment, �ve projects are running at LabES: (i)Favo:
aims to develop an application to foster a culture of innovation in
organizations; people can follow innovation actions and take part
in ideas programs in a gami�ed way; (ii)Hub ES+: aims to build a
virtual creative hub through an online platform that connects the
physical spaces of a state innovation structure at Brazilian state
Espírito Santowith the virtual world, using gami�cation resources
to provide an immersive environment for interaction and training
of creatives; (iii)Marvin: aims to integrate existing tools at UFES
and develop new ones to support the administrative activities of

2https://nemo.inf.ufes.br/en/equipe/ricardo-de-almeida-falbo/

civil servants; (iv)Seedes: aims to develop a public web platform
for the innovation ecosystem ofEspírito Santo, collecting data and
generating indicators for the local ecosystem; and (v)SigAMAES:
aims to develop an information system for a nonpro�t organization
that supports autistic people inEspírito Santo; the system is designed
to improve the organization of services to the public and to help
users manage the institution.

Information about LabES (e.g., its members, projects, contact,
localization) is available on its website: https://labes.inf.ufes.br/.

5 THE STANDARD SOFTWARE PROCESS
We de�ned a general standard process to use in the projects at
LabES. Its purpose is to provide a framework for the main activities
to be performed in each project. It was de�ned considering SE
best practices and the context and characteristics of the projects
developed at LabES. Usually, at the beginning of the project, there
is an agreement about the project scope. Most projects do not have
�nancial support and the students' work is voluntary. Thus, they
often work at LabES for some months, until they meet the workload
required in the curriculum. Hence, student turnover is high.

The standard process combines incremental [20] and agile ap-
proaches, contains activities related to di�erent methods, such as
PM Canvas [13], Scrum [21] [ 19], and CSE [9] [ 12] [ 1], and allows
for �exibility when applying such methods (i.e., activities can be
adapted according to the project's needs). We have de�ned our own
standard process because, after using it in several projects, we could
understand its behavior and evaluate and improve it systematically.
Moreover, by following the standard process, we would ensure a
minimum degree of consistency among the projects. Thus, students
would learn a minimum standard set of methods and tools regard-
less of the project in which they participate. Figure 1 illustrates an
overview of the process.

Figure 1: LabES standard process.

The �rst two activities (Elaborate PM CanvasandCreate Product
Backlog) are performed to establish a general view of the project
concerning management aspects and the product scope. We use
PM Canvas because it provides a simple and fast way to get an
overview of management concerns (e.g., risks, team, time, premises).
Moreover, it helps introduce the students to project management
(the students often start working at LabES before taking a course
devoted to this topic). As for the product scope, it is de�ned in the

https://nemo.inf.ufes.br/en/equipe/ricardo-de-almeida-falbo/
https://labes.inf.ufes.br/
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product backlog and, at this point of the project, consists mainly of a
list of user stories. The user stories are de�ned at a high granularity
level (they can be epics) and are not detailed at this moment. In this
activity, the students learn how to elicit and document requirements
by following the user story template. To gather requirements, they
have the opportunity to talk to the client, the users, or the product
owner, which allows them to improve the learning of requirements
elicitation by doing it.

Once a general view of the project and product scope is es-
tablished, an iterative process to produce software increments is
performed. In the LabES standard process, anincrementis a mean-
ingful part of the software, such as an MVP (minimum viable prod-
uct) or a module. The �rst activity of the iterative cycle isDe�ne
MVP/Increment Backlog. In the �rst iteration, it concerns delimit-
ing the product MVP by selecting the user stories that need to be
materialized for producing it and they can be detailed (e.g., epics
can be decomposed into atomic user stories). In this activity, the
students learn what an MVP is and how to identify the minimum
requirements to demonstrate that the software is a viable idea.

The next activity isEstablish Acceptance Criteriafor the selected
user stories. In this activity, the user stories are re�ned by indicat-
ing the criteria that must be met when implementing each user
story. The criteria will be later used as a basis for tests to evaluate
the user story implementation and indicate if it is �done�. Then,
it is necessary toDevelop Prototypesthat meet the requirements
represented in the user stories and respective acceptance criteria
and, for each user story,Describe �how to demonstrate�it, which
consists of describing the expected behaviors of the software when
the respective user story is implemented and demonstrated [14].

These activities contribute to students improving their knowl-
edge and skills related to requirements elicitation and documenta-
tion. Additionally, they help students explore prototyping practices
and supporting tools (e.g., Figma3), which are approached in-depth
in the last semesters of the curriculum in a non-mandatory course
devoted to human-computer interaction. Moreover, by describing
�how to demonstrate�, the students think about the software behav-
ior. Use case descriptions serve this purpose, but they have not been
much used in industry. Hence, we adopted �how to demonstrate�
as an alternative to stimulate students to think and document the
system behavior (e.g., considering normal, variant, and exception
�ows). An example of a user story, acceptance criteria, prototype,
and �how to demonstrate� produced for a project in LabES is avail-
able at https://ufes.es/labes-us-ex.

The next activity isDevelop Class Diagram, which consists of
creating the structural model (UML class diagram) necessary for
the MVP. This helps students improve their ability to think in the
system at a higher abstraction level, which is key in software de-
velopment and has been noted as a di�culty for many students.
They also experience using tools such as Visual Paradigm and As-
tah.4 After developing the class diagram, the classes related to each
user story (i.e., the classes that will be used to implement the user
story) are identi�ed. Then, it is necessary toDe�ne Architecture,
which involves de�ning the technologies to be used and setting

3https://www.�gma.com/
4https://visual-paradigm.com/, https://astah.net/

the system architecture (e.g., components, patterns). Here, the stu-
dents have the opportunity to design the system architecture, select
frameworks and tools for reuse, and later put them into practice,
observing the consequence of each architectural decision taken.

After these activities, the MVP can be produced, which will
take several sprints. InSelect Sprint Backlogthe items from the
MVP/Increment Backlog that will be addressed in the current sprint
are selected and estimated, and inRun Sprintthey are materialized
(i.e., they are implemented, tested, and demonstrated). These two ac-
tivities involve Scrum practices (e.g., ceremonies) and are repeated
several times iteratively until all the MVP/Increment Backlog items
are done. At the end of the �rst iteration, the MVP is �nished.
These activities allow the students to experience Scrum and soft-
ware development practices (including coding, testing, continuous
integration and delivery, among others), which help improve their
technical skills. They can also improve management skills by mon-
itoring project and individual performance using metrics.

Once the MVP is ready, we go back toDe�ne MVP/Increment
Backlog, select the next software increment to be produced, and
perform a new iteration, by repeating the activities for the referred
increment. At the end of the last sprint of each increment, the
produced increment is delivered (i.e., gets into production).

As it can be noted, the LabES standard process considers two
types of iterations. The �rst one refers to the product increments
to be developed (each increment is addressed in one interaction).
As explained earlier, the increment represents a meaningful part of
the software (e.g., a module). Inside this iteration, there are sprints,
which represent iterations performed to produce the increment.

We de�ned the process in this way aiming to ensure that students
would experience several SE activities, instead of focusing only
on implementation, for example. We believe that this can better
support students learning. Moreover, de�ning increments helps
manage turnover (e.g., we can plan the students' participation by
increment). We are aware that this process may not be the most
suitable for software organizations in general. However, to better
contribute to the students' education through extension projects,
we de�ned a process we considered suitable for our scenario.

6 HOW DOES LABES WORK?
In this section, we provide information about how we work at LabES.
In Section 6.1, we explain how students become LabES members. In
Section 6.2, we present the LabES Catalog, an important resource
used to record and share knowledge. In Section 6.3, we describe
how the projects are carried out and show some artifacts used
during the projects. In Section 6.4, we refer to the delivery of the
projects' results, and, last, in Section 6.5, we provide information
about SigAMAES, as an example of a project carried out at LabES.

6.1 Getting into LabES
Once the project is approved by ProEx (the organizational unit
devoted to extension at UFES), students can be allocated to it. Stu-
dents interested in participating in projects at LabES �ll in a form
available on the LabES website providing information such as their
undergraduate course, current semester, and knowledge of SE tech-
nologies (e.g., programming languages and frameworks). The pro-
fessors analyze the students' pro�les and the projects' demands
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and, thus, select and allocate students to the projects accordingly.
Although it is not a rigid requirement, we have preferred students
who have already taken the SE introductory course, which requires
some programming courses to be taken �rst. In this way, the stu-
dents have a basis of knowledge of SE and can enhance and deepen
it through their experience in extension projects. The students
usually dedicate from 10 to 20 hours/week to LabES.

When the student becomes a member of LabES, they must go
through theonboardingprocess. This process is the �rst knowledge
contribution LabES o�ers to the students. It consists of studying
the main technologies used in the project in which the student will
participate. After completing the onboarding tasks, the student is
able to work on the project. In general, the onboarding process
takes around 20 hours and involves: (i) installing the tools needed
to develop in the chosen platform (following instructions from the
Catalog � see Section 6.2); (ii) getting the source code and deploy-
ing the system locally to test if everything is working properly;
(iii) leveling the student's knowledge in the technologies used by
the project; (iv) familiarizing the student with other aspects of the
project, such as code conventions, testing practices, Git �ow, project
management, etc. We provide the students with the material they
need to perform the onboarding tasks.

6.2 The LabES Catalog
The methods and tools adopted at LabES and the procedures fol-
lowed to use them are described in theLabES Catalog(available
at https://labes.inf.ufes.br/catalogo/). For example, a detailed de-
scription of the standard process is available there for the students.
Other items addressed in the Catalog are methods (e.g., Scrum,
PM Canvas), tools (e.g., Git, GitKraken, GitLab, GitLab Pipelines,
MAMP, Visual Studio Code), software procedures (e.g., conven-
tional commits, GitLab Flow), con�guration and procedures for
speci�c platforms (Jakarta EE, PHP & WordPress), among others.

The Catalog (currently available only in Portuguese) is a knowl-
edge repository and items can be created by professors and students.
When a student creates an item, it is veri�ed by a professor and
only after approval, it is made available in the Catalog. Figure 2
depicts a fragment of the Catalog item referring to PM Canvas.

The Catalog is an important instrument to enhance students'
education. On one hand, it provides an easy way to access use-
ful knowledge and apply it to the projects. By using knowledge
recorded in the Catalog items, students increase their knowledge of
SE and are better equipped for building quality software. Moreover,
the Catalog helps to ensure consistency and standardization in the
way the methods and tools are used at LabES. On the other hand,
the students are stimulated to share knowledge. To record a new
item in the Catalog, the student needs to organize and structure
knowledge and make it explicit in such a way that other people
can use it. This also contributes to consolidating knowledge and
improving students' communication skills.

6.3 Running Projects at LabES
Each project has a professor as its coordinator. Additionally, the
project team has the following roles: project manager (or Scrum
master), client representative (or product owner), technical leader,
and developers. When necessary, the same person plays more than

Figure 2: Example of an item of the LabES Catalog.

one role (e.g., the professor can be the coordinator and the technical
leader). Due to speci�cities, projects adopt the standard process pre-
sented in Section 5 making adaptations. Sometimes, the adaptations
occur at the beginning of the project (e.g., an MVP might not be
necessary for a particular project). Other times, adaptations may be
needed during the project (i.e., �on the �y�). Adapting the process
is a learning opportunity for the students. Sadly, complaints that
software processes are too rigid and cause bottlenecks in the execu-
tion of projects are not uncommon among practitioners. Therefore,
by realizing that it is allowed to adjust the process when needed,
the students experience �exibility without chaos. They learn that
performing a process that meets the project needs is more impor-
tant than following the process �by the book� and that it is possible
to adjust the process by following SE practices.

To manage the project, the coordinator together with the team
chooses a management tool to associate with GitLab,5 which is
a standard tool used at LabES. For example, one project has used
Trello6 and connected it to GitLab by using a plugin. As the free
version of Trello is limited to a 10-member team, we de�ned a simple
and cost-free management approach combining spreadsheets (based
on [14]) with GitLab. Next, we brie�y explain two of them.

The �Sprints� spreadsheet provides an overall view of the project
sprints, by recording information such as each sprint goal, start
and end date, available e�ort (considering the developers' work-
load), estimated e�ort (considering the items to be addressed in the
sprint and the respective estimate). The information is provided
by the team in the sprint planning meeting, which occurs in the

5We use a self-managed instance of GitLab, cf. https://about.gitlab.com/install/
6https://trello.com
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Select Sprint Backlogactivity. For each sprint, we create a milestone
in GitLab7 and we link the sprint number to the corresponding
milestone. In this way, we easily connect the spreadsheet to GitLab.
Figure 3 illustrates an example of theSprintsspreadsheet.

TheBacklogspreadsheet represents the backlog items. It is di-
vided into three sections. In the middle are the items that consti-
tute theMVP/Increment Backlogand were recorded in theDe�ne
MVP/Increment Backlogactivity. At the top are the items selected to
be addressed in the current sprint (i.e., theSprint Backlog). They are
moved from theMVP/Increment Backlogin the sprint planning meet-
ing. At the bottom are the items already �done�. They are moved
from theSprint Backlogat the end of the sprint (inRun Sprintactiv-
ity), when the respective produced results are demonstrated to the
product owner and, if approved, are considered done. We use a yel-
low background to identify under-development items (i.e., work in
progress) and a green background to identify concluded items. The
number of the items of theSprint Backlogare linked to the corre-
sponding issues in GitLab. In the sprint planning meeting, a student
is assigned to each item of theSprint Backlogand the estimates are
done. When the student �nishes the item, they record the spent
e�ort. The estimated and actual e�orts informed in theBacklog
spreadsheet are used to calculate metrics in theSprintsspreadsheet.
Figure 4 illustrates an example of theBacklogspreadsheet.

Using the spreadsheets to complement GitLab has helped us to
deal with management issues. The spreadsheets are used in weekly
meetings. We have adopted weekly meetings because daily meet-
ings have not been suitable for our teams. Students work at di�erent
times and several of them dedicate 10 hours a week to the projects.
Thus, performing meetings once a week has been more appropri-
ate. By using the spreadsheets, the students have a centralized and
consolidated view of the project from the management perspective
and can observe how they have performed. They �ll in the cells
and observe how the metrics values change. By analyzing their
performance, they can better estimate the next sprints. Perform-
ing management activities contributes to broadening the students'
understanding of the project and enhancing their competencies.

The spreadsheets are also helpful in calculating the extension
workload of each student. The workload value is given by the sum
of the actual e�ort spent by the student on the backlog items done
by them, the onboarding tasks, and project meetings. We need
to inform to ProEx the number of hours the student dedicated to
extension activities so that it will be possible to issue the student's
certi�cate needed to ful�ll the curriculum requirement.

For software development, we have adopted version control of
code, branching strategies, fast commit of code, code coverage,
and code reviews, and also some CSE practices, mainly Continuous
Integration (CI) and Continuous Delivery (CD). In a server managed
by DI/UFES, a virtual machine was provisioned and registered in
GitLab as arunner. For each project, a.gitlab-ci.yml�le is created to
de�ne pipelines, i.e., a sequence of automated tasks to be executed in
response to certain events. When developing new features, students
create Git branches and each commit sent to GitLab usually triggers
unit tests to let developers know if anything was broken. Once the
code is ready for review, a merge request is marked as ready and
a colleague student is asked to review the code. After approved

7Cf. https://about.gitlab.com/blog/2018/03/05/gitlab-for-agile-software-development/.

and merged into the main development branch, the full pipeline
with tests and delivery to therunner server is performed, using
Docker8 containers, which can be managed using the Portainer9

management front end. This brings students closer to practices
currently used in the software development industry.

6.4 Delivering Results
The results produced in the projects are delivered to the clients. As
explained in Section 5, we follow an incremental process, thus, the
results are delivered gradually, as increments. The participation of
the students in this moment is very important because they can see
the software they produced being used in practice and adding value
for the client. Moreover, this is the moment in which the purpose of
the extension project is materialized by providing bene�ts to society.
After the software is delivered, the project team is also responsible
for its operation and, thus, performs maintenance tasks.

Exploring delivering and maintenance activities in SE courses is
not very common, even when using PjBL approaches, because it
requires the project (or part of it) to be concluded, the software gets
into operation, and the client/user reports issues. By participating
in extension projects, the students can experience these activities
in practice, growing their knowledge and experience.

6.5 SigAMAES: a Project developed in LabES
The SigAMAES project aims at developing an information system
for a nonpro�t organization that supports autistic people. The ini-
tial scope of the system consists of three modules: (i) an autistic
registration module, which allows for registering information re-
garding personal and medical information, as well as information
relevant to social services (since the majority of the autistic peo-
ple supported by the organization belongs to socially vulnerable
groups, the system is required to gather a long list of information
that may be used to support these persons and/or to generate sta-
tistics); (ii) a service/therapy registration module, which allows the
registration of the services/therapies o�ered by the organization
(e.g., occupational and speech therapies); the system is capable of
managing therapy sessions schedules and subscriptions, as well as
waiting lists; since the demand for services/therapies is much larger
than the current availability, managing waiting lists and priorities
is paramount to the organization; and (iii) a collaborators registra-
tion module, which allows the registration of persons working for
the organization as well as their responsibilities (for example, it
is possible to assign particular therapies to certain collaborators);
collaborators are registered according to prede�ned roles which,
in turn, determine their permission levels in the system. Figure 5
depicts the login screen of the system, which allows collaborators
to log in and experience the system according to their pre-de�ned
roles. Figure 6 shows the agenda for selected therapies. This allows
the visualization and organization of therapy sessions throughout
the week. Currently, the system is available only in Portuguese.

About 24 students have worked on the SigAMAES project. The
development process has followed the methods described in Sec-
tion 5 with little adaptation. We have fully embraced the principles
of agile approaches and some CSE practices, with the assistance of

8https://www.docker.com/
9https://www.portainer.io/
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