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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;

KEYWORDS
Education, Laboratory, Software Engineering, Practice, Extension

ACM Reference Format:

Monalessa P. Barcellos, Vitor E. Silva Souza, Patricia Dockhorn Costa,
and Camila Zacché de Aguiar. 2024. Using Extension Projects to Improve
Software Engineering Education and Software Quality: The Experience

Permission to make digital or hard copies of all or part of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for components of this work owned by others than the
author(s) must be honored. Abstracting with credit is permitted. To copy otherwise, or
republish, to post on servers or to redistribute to lists, requires prior specific permission
and/or a fee. Request permissions from permissions@acm.org.

SBQS 2024, November 5-8, 2024, Salvador, Brazil

© 2024 Copyright held by the owner/author(s). Publication rights licensed to ACM.
ACM ISBN 979-8-4007-1777-2/24/11

https://doi.org/10.1145/3701625.3701680

Vitor E. Silva Souza
vitor.souza@ufes.br
LabES & NEMO, Computer Science Department
Federal University of Espirito Santo
Vitéria, ES, Brazil

Camila Zacché de Aguiar
camila.z.aguiar@ufes.br
LabES & NEMO, Computer Science Department
Federal University of Espirito Santo
Vitéria, ES, Brazil

of the “Ricardo de Almeida Falbo” Software Engineering Practices Lab-
oratory. In XXIII Brazilian Symposium on Software Quality (SBQS 2024),
November 5-8, 2024, Salvador, Brazil. ACM, New York, NY, USA, 11 pages.
https://doi.org/10.1145/3701625.3701680

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 n° 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 Espirito 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,! 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).
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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 RELATED WORK

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, offers 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 five. Our work is the only one to offer a rich catalog describing
in detail the adopted tools and methods — students and the external
community can use it. Regarding lessons learned, [22] outlines five
(planning flexibility, continuity focus, flexible 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 Falbo?
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, five 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 gamified 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
Espirito Santo with the virtual world, using gamification 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

Zhttps://nemo.inf.ufes.br/en/equipe/ricardo-de-almeida-falbo/
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civil servants; (iv) Seedes: aims to develop a public web platform
for the innovation ecosystem of Espirito Santo, collecting data and
generating indicators for the local ecosystem; and (v) SigAMAES:
aims to develop an information system for a nonprofit organization
that supports autistic people in Espirito 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 defined 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 defined 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
financial 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 different methods, such as
PM Canvas [13], Scrum [21] [19], and CSE [9] [12] [1], and allows
for flexibility when applying such methods (i.e., activities can be
adapted according to the project’s needs). We have defined 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.

5) Develop
Prototype Describe
Elaborate “how to
PM Canvas demonstrate”

Establish
(3) Accoptance
Criteria
Develop
() e
Diagram
Define

Create
@ Product Bl

increment

Backlog Backlog

@ Define

Architecture

@ Run Sprint Select
: Sprint

Backlog

Figure 1: LabES standard process.

The first two activities (Elaborate PM Canvas and Create 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 defined in the
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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 defined 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, an increment is a mean-
ingful part of the software, such as an MVP (minimum viable prod-
uct) or a module. The first activity of the iterative cycle is Define
MVP/Increment Backlog. In the first 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 is Establish Acceptance Criteria for the selected
user stories. In this activity, the user stories are refined 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 to Develop Prototypes that 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., Figma®), 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
flows). 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 is Develop 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 difficulty for many students.
They also experience using tools such as Visual Paradigm and As-
tah.* 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 identified. Then, it is necessary to Define Architecture,
which involves defining the technologies to be used and setting

3https://www.figma.com/
4https://visual-paradigm.com/, https://astah.net/
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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. In Select Sprint Backlog the items from the
MVP/Increment Backlog that will be addressed in the current sprint
are selected and estimated, and in Run Sprint they 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 first iteration, the MVP is finished.
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 to Define 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 first 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 defined 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, defining 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 defined 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 fill 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’ profiles 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 first. 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 the onboarding process. This process is the first knowledge
contribution LabES offers 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 flow, 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 the LabES 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), configuration and procedures for
specific 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 verified 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
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Esta pagina descreve o método PM Canvas e faz parte do Catalogo do LabES

O que é?

Project Model Canvas (ou, simplesmente, PM Canvas) é um método de gerenciamento de projetos que representa de forma visual as
principais 4reas de um projeto e os relacionamentos entre elas. Seu objetivo central é a definigao 4gil, colaborativa e clara de um plano
de projeto. O PM Canvas busca facilitar a compreensao do projeto, melhorar a comunicagio, aumentar a objetividade e facilitar a

identificagéo de problemas. A ideia & representar as principais informagoes acerca do projeto em uma tnica pagina.

0 PM Canvas foi derivado do Business Model Canvas, publicado pela primeira vez em 2009 por Alex Osterwalder e Yves Pigneur,
como um guia para auxiliar empreendedores na criagao estratégica de um novo negécio.

Quando se aplica?

Uma vez que o PM Canvas visa a definigao de um plano do projeto, ele deve ser definido no inicio de um projeto (ou de uma iteragao) e
monitorado ao longo do projeto (ou iteragao), sendo ajustado quando necessério.

Embora seja um método geralmente associado a projetos que seguem abordagens ageis de geréncia de projetos, também pode ser
usado em projetos plan-driven como ponto de partida para um plano de projeto mais detalhado.

Como usar/aplicar?

Afigura abaixo apresenta o quadro do PM Canvas, com as 13 dreas que devem ser preenchidas. Em seguida séo apresentadas
orientagdes sobre como preencher o PM Canvas.
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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 specificities, 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 fly”). 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 flexibility 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,® which is
a standard tool used at LabES. For example, one project has used
Trello® and connected it to GitLab by using a plugin. As the free
version of Trello is limited to a 10-member team, we defined a simple
and cost-free management approach combining spreadsheets (based
on [14]) with GitLab. Next, we briefly 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 effort (considering the developers’ work-
load), estimated effort (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

>We use a self-managed instance of GitLab, cf. https://about.gitlab.com/install/
®https://trello.com
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Select Sprint Backlog activity. For each sprint, we create a milestone
in GitLab” 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 the Sprints spreadsheet.

The Backlog spreadsheet represents the backlog items. It is di-
vided into three sections. In the middle are the items that consti-
tute the MVP/Increment Backlog and were recorded in the Define
MVP/Increment Backlog activity. At the top are the items selected to
be addressed in the current sprint (i.e., the Sprint Backlog). They are
moved from the MVP/Increment Backlog in the sprint planning meet-
ing. At the bottom are the items already “done”. They are moved
from the Sprint Backlog at the end of the sprint (in Run Sprint activ-
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 the Sprint Backlog are linked to the corre-
sponding issues in GitLab. In the sprint planning meeting, a student
is assigned to each item of the Sprint Backlog and the estimates are
done. When the student finishes the item, they record the spent
effort. The estimated and actual efforts informed in the Backlog
spreadsheet are used to calculate metrics in the Sprints spreadsheet.
Figure 4 illustrates an example of the Backlog spreadsheet.

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 different
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 fill 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 effort 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
certificate needed to fulfill 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 a runner. For each project, a .gitlab-ci.yml file is created to
define 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/.
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and merged into the main development branch, the full pipeline
with tests and delivery to the runner server is performed, using
Docker® containers, which can be managed using the Portainer’
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 benefits 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 nonprofit 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 offered 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 predefined 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-defined
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/
“https://www.portainer.io/
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Actual Actual -
Dev b b oot g . Throughput 3
# of of effort  estimated
Sprint e Slar ek Ll weeks devs workload effort (added delivered (done (done
[ttt Rl items) items)
1 Develop adm funcionalities - Part | 27/04/2023  11/05/2023 10 2 3 60 60 30 50 31 -1
2 Develop adm funcionalities - Part Il 12/05/2023 | 25/05/2023 10 2 3 60 60 45 75 38 7
3 Develop adm funcionalities - Part |1l 26/05/2023  15/06/2023 10 3 3 90 90 22 24 26 -4
4 Develop registration funcionalities - Part | 16/06/2023  29/06/2023 10 2 3 60 60 24 40 24 0
5 Develop registration funcionalities - Part Il 30/06/2023  20/07/2023 10 3 3 90 68 22 32 24 -2
6 Enable activities plan generation - Teaching workload =~ 23/08/2023  05/09/2023 10 2 3 60 48 13 27 28 -15
15 Enable activities plan exportation (ongoing) 17/07/2024  30/07/2024 10 3 3 90 61
Figure 3: Fragment of the Sprints spreadsheet.
Sprint Item Backlog Item Imp Est Real How to demonstrate / comments Dev
Sprint Backlog
TD: Add Code attribute to classes refeming to PG Adjust the system Admin's class model to reflect the change made in
15 #45 100 3 5 Dev5
programs and undergraduate courses issue #18
15 441 US-11: As an academic, | want to export my activities plan in 100 30 See "how to demonstrate” in the specification requirements document Devd
= “=—  Excel format to edititand sent it to the management center. available at https://docs.google.com/document/d/1Yf9YH3P3PhkfZ2 Deve
MVP/Increment Backlog
US-12: As an academic, | want to generate my activities plan 100 See "how to demonstrate” in the specification requirements document available at
in PDF format to sign it sent it to the management center. https://docs.google.com/document/d/1YfOYH3P3PhkfZ2
. . Add fields to the plan screen to show the workload for each category. When
TD:Improve workload calculation o0 changing the items added to the plans, the values must be recalculated.
T:Describe the procedure with instructions for using the 80 Prepare document for user to use the system MVP.
system MVP.
Finished Sprints (done items)
1 #5  US-AS:Record enrollment in undergratuade course 80 8 10 When you click "Administration” and then "Manage Undergraduate Course” in Dev1
1 #14  US-A14:Record department 100 8 8 By clicking “Register Department”you will be taken to a page where all current Dev?
1 \ #10 _US-A10:Record department coordinator 70 12 12 By clicking "Register Department" you will be taken to apage where all Dev1
Linked to the\corresponding milestone in GitLab Linked to the corresponding issue in GitLab US: User Story; TD: Technical Debt; T: Task

Figure 4: Fragment of the Backlog spreadsheet.
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Figure 5: The login screen of the SigAMAES system.
Figure 6: The agenda screen of the SigAMAES system.

tools such as Trello and GitLab. For the implementation technolo-

gies, we have chosen a modern stack, which includes the frame- end, and PostgreSQL12 as the relational database. In addition to

works Next.js!° for the front end, Java Spring Boot!! for the back being responsible for the entire development process, the team
also manages systems deployment issues for both environments,

Ohttps://nextjs.org/ -
Hhttps://spring.io/projects/spring-boot 2https://www.postgresql.org/
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development, and production. We keep the development environ-
ment running in the infrastructure of DI/UFES, which facilitates
configuration and updates and is cost-free. As for the production
environment, to allow robustness and availability, the organization
covers the costs of a cloud service, which allows the deployment of
both the front-end and the back-end of the system in production
(including the database and a bucket service for files).

The development trajectory of the SigAMAES project has been
longer than expected, due to (i) student high turnover (as mentioned
before), and (ii) the organization extreme growth, which has heavily
impacted the system requirements. Fortunately, we have overcome
all challenges and the first version of the system was delivered in
May 2024. Since then, the organization has been using the system on
a trial basis, i.e., in parallel with their old methods (based on paper
and low-structured spreadsheets). In order to allow feedback from
the clients on possible systems errors, unwanted behaviors, and
desired new functionality, we have created a “ticket system” based
on Google Forms: the client can open “ticket requests” from the
development team by answering the questions in the form, which
allows, among other things, the definition of priorities. Figure 7
depicts a picture of the SigAMAES launching event, kindly offered
by the organization as a symbol of appreciation for our work.

Figure 7: The SigAMAES launching event.

As for the students learning, this project has offered an invaluable
experience on various fronts: (i) the possibility of interacting with
real clients and facing the intrinsic challenges involved in eliciting
requirements; (ii) the opportunity to learn and work with modern
software engineering methods and implementation technologies
that are highly desired in the current job market; the learning pro-
cess is carried out in a relatively safe environment in the sense that
students do not risk “losing their jobs” in case of possible mistakes
or failures; (iii) the possibility of playing different roles within the
project, from junior developer to team leader, depending on the
time and/or dedication to the project; and (iv) the chance to see the
results of their own work in practice, directly helping an organi-
zation that offers such a noble service to society. In fact, several
students have informally reported great personal experiences such
as: “... with the knowledge that I have acquired in the project, I was
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able to succeed in a job recruitment process”, “... the leadership expe-
rience I have obtained in the project helped me to get a new position
in my current job”, or “.. it is incredible to see the results of my work
being directly used to help people”.

As for the future, other modules of the system are under devel-
opment and should be delivered similarly as mentioned above. As
a result of the trust relationship established between LabES and
the organization, other projects are being discussed to help the
organization on other fronts.

7 LESSONS LEARNED

In this section, we share some lessons we have learned by working
at LabES in the last three years. To collect the lessons, the LabES
professors hold regular meetings as project coordinators and gather
student feedback. Moreover, they observe in practice what goes
right, what goes wrong, challenges, etc. These observations are
shared and discussed with students and other professors in meetings
and chat channels. Once there is an agreement, they are synthesized
and recorded. In the text below, we often adopt should instead
of must because the lessons are based on our experiences and
perspectives. Further studies may be needed to corroborate them.

The tech lead is key to enhancing technical skills and en-
suring software quality: Having a person with knowledge of
and experience with the technologies adopted in the project (e.g.,
programming language, frameworks, database system) is very im-
portant. The tech lead contributes to students’ learning and to
increasing their competencies in the referred technologies. More-
over, the tech lead minimizes risks related to technology issues,
which could cause delays in the project or affect the software qual-
ity. If the students want to work with new technologies and there
is no expert, the new technologies introduction must be carefully
evaluated because the lack of a specialist can lead to technical dif-
ficulties that hamper project performance and software quality.
Although it is important for students to learn new technologies, in
extension projects where there is a commitment to external clients,
there needs to be a fine balance between learning (e.g., novel tech-
nologies) and project goals (e.g., project schedule, product quality).

High student turnover is challenging for learning and project
goals: High turnover impacts any software development project
and can affect its goals (e.g., cost, time, quality). When it occurs
in extension projects that support SE education, it also affects the
learning goals. If the student works on a project at LabES for too
short a time, they will not experience the different SE activities
involved in the project. Although the standard process has been
defined as an attempt to minimize this problem, it is not enough to
solve it. For example, a student can still join the project during the
sprints performed to develop a project’s increment and leave the
project before that increment has been delivered. As a result, their
experience will be more limited and affect their learning. Requiring
the students to have a minimum number of hours dedicated to the
project would help, but still not solve the problem, because the
student can get other opportunities during the project (e.g., a job,
an internship) and they should not be prevented from embracing
them. Therefore, turnover can be inevitable.

Extension hours is the main currency to “pay” students for
their work: A reason for the high turnover is the high demand
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for software developers and IT professionals in general, which
causes many students to already have internships or even jobs by
the time they join a LabES project. It is common for high-demand
periods at their jobs or exams in their undergraduate course to
cause them to produce less in the project. Considering a fixed
number of hours per week and granting it to students might lead
them to achieve the hours they need without contributing much to
the project. Using a time-tracking system (GitLab comes with one
integrated with project tasks) allows students to more accurately
register the time dedicated to the project and the coordinator to
assess it, also allowing students to go through low availability
phases unconcerned, as they are “paid” with the actual hours they
dedicate.

A low weekly workload dedicated to the extension project
slows down learning: Several students are not on scholarships,
are enrolled in courses, and sometimes perform other activities.
Hence, they have only a few hours a week dedicated to LabES.
This affects the progress of the project (it is slower), as well as the
students’ learning. In our experience, any meaningful contribution
to a project requires at least 10 hours per week of dedication. Hence,
we require a minimum of 10 hours a week for students who do
not receive scholarships. By doing that, we ensure the smallest
workload that enables the student to engage in the project activities
and enhance their learning and these students still have time to
spend on paid activities if they need to.

Extension projects are unlike other projects used to support
learning: Extension project characteristics provide an environ-
ment that promotes broader learning opportunities. For example,
projects used during specific courses (e.g., a project used to teach
requirements elicitation in a Software Requirements course) are
usually developed within the time frame of that course, and some
adaptations to fit the course needs are made (e.g., some activities,
such as delivery and maintenance, could be disregarded). Further-
more, in projects used in specific courses, the project team often
remains the same. Extension projects enable the student to par-
ticipate in all stages of the project (even the ones less explored
in specific courses). Additionally, the students have to deal with
changes over the project, such as in the project scope and team
(although there is a high turnover, some project members stay on
longer and need to keep up with the turnover). Hence, extension
projects contribute to a complementary and broader experience
in SE, enabling students to connect knowledge of different pieces
of the software process (e.g., requirements, architecture, coding,
testing, management) into a more comprehensive view of how to
develop, manage, and maintain software.

Professors act as facilitators, students should take charge of
projects: For students to have a deeper experience, it is important
that they feel (and are) responsible for the projects. Often, when
students work on internships, they focus on specific activities (e.g.,
coding a functionality), especially if they are in the early stages
of the undergraduate course. In LabES projects, the students have
the opportunity to participate in all stages of the project and the
team is responsible for the project. This sense of responsibility and
belonging contributes to learning, as it motivates students to learn
more and produce better results.

A catalog is a good learning resource: A catalog of tools, prac-
tices, and methods adopted in the projects is a good resource for
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recording and sharing knowledge. It helps those who use knowl-
edge recorded in it (who learn how to do something — e.g., how to
use a particular method or technology) and also those who record
knowledge in it (who reinforce their knowledge by making it ex-
plicit to transfer to others). However, it is necessary to encourage
the students to record knowledge in the catalog, as they generally
do not do it proactively. At LabES, we often do that in meetings.
For example, the student does something interesting (e.g., setting
up an environment using new technologies) and when they tell the
team about it in a meeting, the professor encourages them to share
that knowledge by registering it in the catalog.

Celebrating achievements together stimulates learning and
better results: The achievements (e.g., the delivery of an increment)
should be celebrated with the team and other members of the labo-
ratory. The results should be communicated (e.g., project website,
social media), the lessons learned should be shared, and the team
should feel good about the achievement. This contributes to the
sense of belonging and the perception of recognition which, in turn,
serve as motivators for students to learn more and do better.

The participation of students in moments with the client is
fundamental: 1t is important for students to see the client receive
the product, and realize how important the delivered software is
and the value it adds to the client. This also motivates the students
and makes them want to learn more and improve the outcomes.
In addition, it makes learning more comprehensive, as students
may not have contact with the client in other contexts (e.g., in
internships, students can focus on implementing functionalities
assigned to them and do not deal directly with the client or see how
the produced software is used in production).

Considering the student’s knowledge level is important for
them to follow an appropriate learning path: LabES receives
students with different levels of knowledge, from beginners in SE
to final-year students who need to complete extension hours. It
is necessary to analyze each student’s profile and assign them to
projects in roles that contribute to their training. For example, less
experienced students often start by developing simpler function-
alities and being helped by other students and professors. As the
student progresses, they perform other activities and participate in
the whole software process. More experienced students, in turn, are
assigned to roles that require higher expertise and can contribute
by sharing knowledge with others. It should be noted that even
more experienced students improve their knowledge of SE when
working on extension projects, as they experience new challenges
when working on new environments, new problem domains, new
technologies, new methods, etc.

Associating undergraduate course conclusion work with
extension projects is a win-win strategy: Undergraduate course
conclusion works can be developed in the context of extension
projects. This practice has proved to be positive for both, the project
and the student. On the project side, as the student needs a year
to do the work (this is the time required in the undergraduate
courses at DI/UFES), they will spend at least a year on the project,
thus, reducing turnover. Moreover, as the student needs to produce
results on which they depend to graduate, they will have an extra
motivation to be committed to the project and produce quality
results. On the other hand, the student will benefit from a real
project and will explore a real problem in their work. In addition,
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they can take advantage of the entire structure (e.g., hardware,
software, knowledge) of the laboratory to develop their work.

Extension projects are opportunities for research: As a soft-
ware development environment, extension projects offer opportu-
nities for research. New SE practices, methods, and tools can be
experimented within extension projects. This contributes to ad-
vances in SE state of the art and also to the extension projects and
education/training of students, who will have access to innovative
practices, methods, and tools.

Extension projects should be aligned with the curriculum:
Although extension projects do not need to be associated with spe-
cific courses of the curriculum, they should be aligned with the
ones related to SE to avoid contradiction and ensure that exten-
sion projects and SE-related courses are complementary. Extension
projects contribute to deeper, comprehensive, and practical learning.
For that, they should allow the students to go deeper into methods,
tools, and practices approached in SE-related courses, connect them
to the overall software process, and learn new ones. At LabES, stu-
dents are allocated to projects based on demand. Thus, we receive
students from different undergraduate courses and stages, which
would not allow us to associate projects with specific courses. Three
professors who teach SE courses at DI/UFES are LabES members
and are responsible for ensuring alignment between the courses
and LabES projects.

A clear and open dialog with the client is crucial: Although
we consider risk issues at the beginning of the projects, it may
be necessary to manage the client’s expectations concerning the
delivery schedule and/or product scope. As discussed earlier, since
the projects often have no funding, student turnover is high, which
may cause delays beyond planned. In addition, students are still
learning and some may take more time than others in the process.
Such issues should be stated clearly with clients in advance and, in
our experience, due to the nature of such projects, these challenges
can be made transparent to the clients during software development.
Doing that can help avoid stressful situations for clients, professors,
and students. Another issue that should be clear since the beginning
of the project refers to the software production environment and
further maintenance. Often, clients are nonprofit organizations or
small businesses that have little or no computational infrastructure
available. Therefore, considerations as to where the software is
going to run in production or who is providing maintenance after
delivery should be discussed in advance.

8 FINAL CONSIDERATIONS

Extension, together with teaching and research, constitute the triple
pillar of universities. By recognizing the important role of extension
in education, in 2018, the Brazilian National Education Board estab-
lished that students must fulfill at least 10% of the workload of their
undergraduate courses in extension activities. All undergraduate
courses should adhere to this requirement by the end of 2022.

In this paper, we reported our experience at LabES, a laboratory
dedicated to SE practices that aims at contributing to the education
and training of Computer Science and Computer Engineering stu-
dents of DI/UFES through extension projects that provide software
products for society. By offering opportunities for the students to
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participate in extension projects, LabES aids in improving the stu-
dents’ knowledge, competencies, and skills and enables them to
produce quality software.

Although the use of projects as a means to support teaching
and learning is not new, using extension projects to support SE
and SQ education and training has not been much explored. Due
to the particular characteristics of such projects, it is necessary to
grow knowledge on this subject to help education professionals
and researchers. By being better educated and trained, students
will become better software engineers, able to produce quality soft-
ware. We expect that by sharing our experiences, perceptions, and
some of the challenges we have faced we can help other education
professionals interested in using extension projects to enhance SE
and SQ education.

The practices and lessons reported in this paper are case-based,
i.e., based on our experiences at LabES and perceptions over the
last three years. A recognized limitation in this context is the ability
to generalize from the case-specific to different cases. Wieringa
and Daneva [25] argue that in such cases generalization can be
established for similar cases and, although are not universal, they
are useful in practice. Hence, although we cannot ensure that the
lessons apply to broader contexts, they can be useful in contexts
similar to ours. Even so, bias and lack of sound evidence should be
considered as limitations of this work. There is still a need to con-
duct studies to collect the students’ perceptions and evaluate how
their participation in LabES projects has contributed to improving
their education and developing competencies and skills. This will
be addressed in future actions. Moreover, we must point out that
the standard process still needs a robust evaluation. It has been
evaluated in each project based mainly on the rate of deliverables
produced as expected and student feedback gathered in regular
meetings. So far, the evaluation has been mainly qualitative. To
improve the process evaluation, we plan to define a set of metrics
for quantitative assessment.

There have been only three years since LabES was created as
a laboratory dedicated to extension. We are aware that we have
just started our journey at LabES and we have a long path ahead.
We are learning from the experiences and improving our practices
accordingly. We intend to keep developing extension projects and
extend and strengthen the connection with the NEMO Research
Group, where SE research is conducted at UFES. Three professors
members of LabES are also members of NEMO, which facilitates
collaboration. Moreover, we intend to explore new technologies
(e.g., the use of Artificial Intelligence-based tools) in projects, to
improve students’ education and produce software for society.
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