
FLOSS in Software Engineering Education
Supporting the Teacher in theQuest for Providing Real Experience for Students

Fernanda Gomes Silva
Federal University of Bahia

Salvador, Brazil
fernanda_gomes@unit.br

Moara Sousa Brito
Federal University of Bahia

Salvador, Brazil
moara.brito@ufba.br

Jenifer Vieira Toledo Tavares
Federal University of Bahia

Salvador, Brazil
jenifer_vieira@unit.br

Christina von Flach G. Chavez
Federal University of Bahia

Salvador, Brazil
flach@ufba.br

ABSTRACT
Software engineering courses play an important role in computer
science programs and are expected to provide the required basic
knowledge and skills for professional practice in software industry.
However, teaching software engineering principles, concepts and
practices, and relating them to real-world scenarios are challenging
tasks. The adoption of open source software projects may address
such challenges. In this paper we report on an experience of the
teaching object-oriented modeling with UML class diagrams using
open source projects. We conducted a case study with students of
the software engineering discipline of the Computer Science course.
We supported the teacher in some activities related to syllabus plan-
ning, including the selection of a FLOSS project and the creation of
examples to be used in the classroom. The teacher selected and used
a small FLOSS project to support the modeling activities. Then, the
teacher applied an evaluation activity and a perception question-
naire about the methodology used. After the end of the classes, we
conducted an interview with the teacher to present a brief report
of his experience in the classroom. In the perception of students,
the experience with the OSP enhanced their ability to handle real
projects and third-party code, and to deal with the job market. They
also reported developing skills such as proactivity and communica-
tion. From the teacher’s perspective, the group was enthusiastic and
dynamic, and interacted more during practical activities. However,
the use of FLOSS projects required more time and attention for
planning, when compared to the traditional methodology.

CCS CONCEPTS
• Social and professional topics→ Software engineering edu-
cation; • Software and its engineering→Open sourcemodel;
• General and reference→ Surveys and overviews;
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1 INTRODUCTION
Proper education and training can significantly improve the soft-
ware engineering practice and are considered prerequisites for ad-
vancing the state of the art in the software industry [15]. Yet, there
are several challenges related to teaching and learning Software
Engineering (SE) because of the varied methodologies, concepts,
technologies, tools and the need to teach students how to deal with
existing and complex software systems [10, 21, 25].

Software Engineering Education (SEE) should promote the train-
ing of software engineers with the ability to contribute to the devel-
opment and evolution of real systems [6]. Curriculum guidelines
for software engineering, computer science and related courses [7,
8, 29] recommend that curricula must leverage the coexistence
between theory and practice, so that students can adapt to new
situations of their training area in the future. Moreover, the educa-
tor should not only provide a solid theoretical basis in SE, but also
ensure contact with problem solving, communication skills and
teamwork to prepare students for career [11]. Last but not least,
in order to improve the effectiveness of learning it is necessary to
employ methods in which the students actively take part in the
learning process.

However, teachers may face several difficulties to address these
requirements. For instance, incorporating realistic practices into
formal education is a challenging task for the educator/instructor,
in face of the need to provide a mapping between pedagogical
objectives and the actual practical experience, and to cover course
contents during the period of the school year [23]. Moreover, to
support the alignment of SE theory and practice, teachers should
consider skills and attitudes that go beyond concepts, methods and
techniques, considering the current software development scenario,
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the complexity of social interactions, and how development of
collaborative software occurs in a real-world environment [18].

It is not easy to use projects developed in the industry in the
classroom or to interact with companies in the educational context
[10]. Free/Libre/Open Source Software (FLOSS) projects can be a
viable solution to introduce realistic practices in the learning and
teaching process of Software Engineering [18]. This approach is
considered as an experiential learning strategy and an opportunity
to provide students with a vivid experience, connected with possible
future experiences [18]. Since this is an authentic environment
where real software is being produced, faculty can usually cover
most Software Engineering knowledge areas [29].

Participation in FLOSS projects allows students to interact with
real systems, real problems and real software development teams
interested in building high-quality products [21]. In this learning
process, students usually behave actively, increasing the probability
of mastering content knowledge and making the use of free soft-
ware projects as a study object a good initiative to learn Software
Engineering [19].

This paper reports the experience of using FLOSS projects as an
object of study in the teaching of UML class diagrams for students
of the software engineering discipline. Unified Modeling Language
(UML) [3] models should be developed so that software engineers
can understand and deal, at a higher level of abstraction, with the
magnitude and complexity of the software to be developed and
evolved [22]. UML class diagrams are useful for whiteboarding
and sharing ideas in a common language, therefore supporting
comprehension, communication and development of clear, concise
and consistent software artifacts [29].

We also present in detail the preparation of the material to carry
out the activities in the classroom, and a brief report about the
teacher’s experience. In addition to using the FLOSS project in the
classroom, the students were submitted to an evaluation activity
and were asked about their perception about the software used
in their design and modeling tasks. We interviewed the teacher
in order to collect and report her experience with using a FLOSS
project hosted in repository for teaching SE, with diagrams of the
UML and with the execution of the case study proposed.

The rest of the paper is organized as follows. Section 2 describes
related work. Section 3 provides an overview of the methodology
used, describing the process of selecting the FLOSS project, planning
classroom activities, evaluating the content and perception of the
teacher and students involved in the project. Section 4 discusses the
results identified in the case study implemented. Section 5 presents
the conclusion of this work.

2 RELATEDWORK
Some research work have investigated the relevance of UMLmodels
in open source projects and even provided a dataset with UML
diagrams that can be used in SEE [12, 13, 24], while others have
investigated different strategies to teach UML modeling [26] and
the teacher’s perspective on use of FLOSS in SEE [21].

Students have presented difficulties while creating the UML di-
agrams, such as: difficulty in understanding the diagram’s syntax
and semantics, difficulty in organizing information on the diagrams,

difficulty in correctly using association of the type generalization-
specialization, among others [26].

Robles and colleagues [24], motivated by the need of providing
examples of UML diagrams, performed a systematic mining over 12
million GitHub projects to find UML files in them. They provided
a publicly available dataset with over 93,000 UML diagrams from
over 24,000 projects in GitHub. These projects and UML diagrams
can also be used in the context of SE education and training.

Ho-Quang and colleagues [13] highlighted the importance of
UML for real-world open source projects. They performed a survey
among open source developers, with focus on projects that used
the UML for software modeling. Among the 485 answers of con-
tributors from 458 different projects, collaboration was reported as
the main motivation for using UML in their projects, supporting
team communication and planning of joint implementation efforts.

Hebig and colleagues [12], motivated by lack of information on
the use of UML modeling in open source projects, performed a
systematic mining of GitHub projects to answer whether and when
models are created, used and updated throughout the project’s life-
span. They scanned 10% percent of all GitHub projects, identified
and studied 21,316 UML diagrams within 3,295 projects. One of
their findings was that the creation and update of UML diagrams
often took place during a very short phase at the project start.

Silva et al. [26] investigated two different teaching methods
(Problem Based Learning and Learning from Erroneous Examples)
with respect to the degree of correctness and completeness of UML
diagrams produced by students, and analyzed the students’ per-
ceptions about each method. However, they did not discuss the
teacher’s perception on benefits and difficulties faced while prepar-
ing activities and examples to be used in the classroom.

Pinto et al. [21], with the goal of understanding benefits, chal-
lenges, and opportunities of the transition from traditional courses
to novel SE initiatives, such as courses that use FLOSS, interviewed
seven software engineering teachers that changed their academic
setting so that students performed comprehension andmaintenance
tasks on FLOSS as part of their SE course. We highlight, among
their findings, that (i) there are different ways to make use of FLOSS
projects in SE courses in terms of project selection, assessment, and
learning goals, and (ii) there is evidence on clear benefits of such
approach, including improving students’ social and technical skills.

In this paper, we present a study in which we have supported a
SE teacher in using FLOSS projects to teach of UML class diagrams
for students of a SE course. We collected the perceptions of 18
students and the perception of the teacher with respect to such
experience with FLOSS in SEE.

3 METHODOLOGY
In this section we present the overall study design (Section 3.1).
Moreover, we present the study execution, that comprises part of
the syllabus design performed by teacher with the support of the
research team (Section 3.2) and procedures for data collection and
analysis (Section 3.3).
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Figure 1: Methodology: Syllabus Planning

3.1 Study Design
We conducted an exploratory study in the academic setting with
the goal of identifying the challenges faced by the teacher in the
use of realistic projects in the classroom.

The main question that drove our exploratory study was
How to teach, identify and apply the concepts for mod-
eling the UML class diagrams with a real-world open
source software project?

The study was executed in a software engineering course in the
context of teaching and learning UML class diagrams. The research
team was responsible for supporting the teacher during syllabus
planning with respect to practical activities related to UML. There
was no interaction between the research team and the students.
With this choice, the research team was able to focus on the teacher
and her perceptions, and collect the necessary data for the study.

To perform syllabus planning that covered UML class diagrams,
we provided support to the teacher for the following activities:
selection of FLOSS project to be used in the classroom (Section 3.1.1)
and creation of useful examples based on the selected FLOSS project
(Section 3.1.2).

The research team was also responsible for the preparation and
application of an interview with the teacher, and a questionnaire
to grasp the students’ perception (Section 3.1.3).

3.1.1 Project Selection Process. The use of FLOSS projects for
educational purposes requires the selection of uniform designs in
terms of size and complexity [28]. We decided to focus our search

for projects that are stored in software repositories, namely those
hosted on GitHub 1. GitHub has grown rapidly and is one of the
largest open source projects [5], with a variety of complex designs
and systems simple [30].

Due to the diversity of projects available in GitHub, we adopted
and recommended project selection based on the levels of teacher
control over the student’s activities in the project, as pointed out
by Nascimento et al. [17]. For this case study, we recommended
the “Inside Control” strategy as the defined level of control over
the activities to be developed, which includes branching the FLOSS
code, preparing the activities/examples and assessing locally the
students’ contribution. Moreover, we recommended four selection
criteria:

Programming language – the predominant programming lan-
guage used in the FLOSS project as reported by Ellis [9];

Project size – the number of lines of code or number of classes
in the project, etc. According to Smith [28], the use of large
or complex projects may hinder student understanding and
the use of small or simple projects may not demonstrate the
need to use the principles of SE;

Maturity – the number of releases of a project. Projects with a
large amount of version history and release may indicate
that the tasks under progress are complex and require more

1Accessible in: https://github.com
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knowledge from the students. Jaccheri [14] argues that se-
lecting an immature FLOSS project may have the disadvan-
tage of being significantly different from an ideally executed
FLOSS project;

Domain – the project focus based on its description. According
to Buchta [4] the software domain should be intuitive and
easy to understand in order to relieve the student of having
to learn many domain-specific concepts.

3.1.2 Creation of UML Worked Examples. A worked example
typically consists of a problem formulation, solution steps, and the
final answer itself [1]. In this proposed approach, the example is
compared to a similar problem for students completing the other
solutions [27].

In our study, we used a template for guiding the teacher in
creating examples for teaching UML class diagrams to be used
during lectures and related practical activities given to the students.

To solve the problem formulated in our worked example it was
necessary: (i) to analyze the artifacts and the source code of the
FLOSS project; (ii) identify the requirements and business rules
to be modeled; (iii) map the artifacts and source code considered
appropriate for the students profile; (iv) define the correct syntax
and semantics of each UML graphical element; (v) select a tool to
be used for modeling the diagrams.

Therefore, the proposed example describes a recipe for the teacher
to identify teaching opportunities of the UML class diagrams using
a FLOSS project selected in GitHub.

Our guideline considers that the teacher should use his experi-
ence in Software Engineering to create hypothetical class diagrams
that represent some artifact or source code of the selected FLOSS
project, as well as refine each elaborated diagram. We defined the
following steps:
Project Comprehension: (i) create a template with questions

that will describe the project; (ii) identify tasks and tech-
nical issues to be answered; (iii) speculate a selected FLOSS
artifact; (iv) speculate the source code, checking if it contains
instructions in one of the existing programming languages.

Implement an initial hypothesis: (i) develop a class diagram
that serves as an initial hypothesis, relating the source code
and other artifacts; (ii) classify the diagram name and later
its components (class, class attributes, attribute types, opera-
tions, associations); (iii) create the UML diagram manually
of with the support of a modeling tool; (iv) Speculate about
the UML class diagram with respect to their correctness and
consistency.

Define relationships: (i) relate the created class diagram to source
code and project artifacts; (ii) check the traceability between
them; (iii) present the incompatibilities found so that the
students may have contact with real problems of the process
of analysis and development of systems.

Adapt the class diagram: (i) rename the diagram; (ii) remodel
the diagram; (iii) extend the diagram; (iv) look for alternatives
to adapt the diagram.

Repeat the aforementioned steps until the class diagram is satisfac-
tory for use as an example of the activity to be developed in the
classroom.

3.1.3 Assessment for the Teaching and Learning Process. The
research team developed questionnaires for application after the
creation of the diagrams by the teacher, and after the activities
carried out with the students, in order to grasp perceptions on:

(i) the methodology used as a real software development expe-
rience; (ii) the activities carried out, as enablers to make the con-
nection between theory and practice; (iii) the methodology used,
and if it contributed to the student feeling more prepared for the
job market; and (iv) the methodology used, and if it contributed to
the student’s awareness about the importance of some aspects of
software engineering.

The questionnaire, adapted from [20] is presented in the appen-
dix D. Such a questionnaire consists of statements, and the student
must indicate through the Likert scale the level of agreement of
that statement. We use four points on the scale: "strongly disagree,"
"disagree," "agree," and "strongly agree".

We clarified for students the objectives of the questionnaire,
and we try to raise awareness students of the relevance of their
participation and frankness in their answers for validation of the
contribution or not of the use of FLOSS projects in education in
software engineering.

Finally, we conducted an interview to grasp the teacher’ percep-
tions on: (i) her experience with Free Software hosted in reposi-
tories; (ii) her experience with teaching of Software Engineering;
(iii) her experience with teaching the UML class diagrams; (iv) a
brief opinion report about her experience in the classroom with the
proposed intervention.

3.2 Syllabus Planning
For the programmatic planning of the teaching and learning pro-
cess, the teacher appropriated the subject’s syllabus (Section 3.2.1);
of the FLOSS Project selection process indicated by the research
team (Section 3.2.2);following the creation of the UML example to
be followed by the students (Section 3.2.3); configured the work
environment (Section 3.2.4); finalizing with the elaboration of the
evaluation activity (Section 3.2.5).

Figure 1 presents the steps to define the teaching pattern, FLOSS
project selection process, work environment configuration, stu-
dents’ evaluation activity, preparation and application of interview
with the teacher and the student perception questionaire. In the de-
scription of each step we indicate if the responsibility of execution
was of the teacher or research team.

3.2.1 Teaching and Learning Process Planning. Initially the teacher
prepared the lesson planning considering the teaching plan of the
Software Engineering discipline. In this teaching plan, the student
profile is defined based on training references that consider: (i)
the ability to act in a globalized world of work; (ii) the ability to
determine requirements, develop, evolve and manage the Infor-
mation Systems of organizations; (iii) the ability to recognize the
importance of computational thinking in everyday life, as well as
its application in other domains [7, 8].

The introductory concepts on Software Engineering and Infor-
mation Systems taught in the lectures were: requirements elicita-
tion techniques, requirements types, requirements documentation,
requirements traceability, introduction to the Unified Modeling
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Language (UML), modeling and specification of use cases and class
diagrams.

In order to refine the theoretical concepts studied about UML
class diagrams, in the course planning, it was considered the use
of FLOSS projects as object of study for a class of students of the
Software Engineering discipline.

3.2.2 FLOSS Project Selection. The teacher adopted the “Inside
Control” strategy as recommended by the research team. This strat-
egy allows that the branching of the FLOSS code available in the
repository is done and that the teacher defines the activities to be
carried out in the classroom and evaluates them, and therefore, the
interaction with the community is not obligatory. Moreover, the
teacher used four criteria suggested by the research team to support
project selection:
Programming language. With respect to the programming lan-

guage, the teacher chose JAVA language due to students’s
familiarity / pre-req.

Project size. With respect to the project size, the number of classes
was taken into account. The teacher defined that the FLOSS
project should have at least 10 and at most 20 classes.

Maturity. Since the teacher wanted a project still at an early stage
of development, she searched for projects that had at most
three releases.

Domain. Considering that the focus/domain of the project may
have an impact on student learning, the teacher searched
for projects related to Games, because, in her perception,
projects that implemented Games would be attractive for
most of the students.

After providing values to the criteria to be used in the selection
process, the teacher performed a manual search using the GitHub
platform support. First, JAVA projects in the Games domain were
search for, and among the projects returned we checked the ones
that matched the number of releases and the number of classes
defined. Finally, the teacher selected the "Champs of the Galaxy"
project 2 to be used in the classroom.

3.2.3 Creation of UML Worked Examples. The teacher followed
the steps presented by the research team to create examples for
working in the UML. He then guided the students, describing step
by step how best to solve the problem. The resulting example is
shown in Figure 2 and the guidelines for learners can be observed
in the Google Classroom tool.

3.2.4 Setting up the Environment. The teachingmaterial on UML
class diagrams was made available in the Google Classroom tool
for students3. In the classroom, students were instructed by the
teacher to create accounts on GitHub. Next, the teacher identified
the students with experience of use in the repository to be tutors.
The teacher created a discussion forum in Google Classroom for stu-
dents to post supplementary materials regarding the use of GitHub.

The teacher created a “Software Engineering organization” in
GitHub and students were included as collaborating members. For
these tasks, students were organized in two-person teams. The
following instructions were made available: (i) fork the selected
FLOSS project; (ii) create a branch in your own project; (iii) name
2Accessible in: https : //дithub .com/rodr iдuesf as/ChampsdaGalaxia
3Accessible in: https://sites.google.com/view/esdiagramauml/diagrama-de-classes

Figure 2: Methodology: Syllabus Planning

the branch using the description Pair −Student01−Student02; (iv)
create a folder with the name of the branch; (v) individually fill in
the selected FLOSS project recognition template (see Apendix B;
(vi) make a pull request of the branch created for branch master of
the FLOSS project available in the organization.

3.2.5 Elaboration of the Evaluation Activity. The teacher elabo-
rated the same evaluation activity for the students. In this evaluative
activity, we took into account the cognitive domain and abilities
developed by the students, that include intellectual development,
knowledge acquisition and the capacity to recognize information,
patterns and facts [2]. The cognitive domain is segmented into
six levels, namely [2]: (i) knowledge: the student must be able to
memorize ideas and concepts, and can reproduce them, even if in
context other than the original; (ii) understanding: the student must
be able to interpret the information received, associating it with his
prior knowledge of the subject; (iii) application: the student must
use his knowledge in solving a problem; (iv) analysis: the student
must be able to analyze, compare and classify information and hy-
potheses in search of a solution to a given problem; (v) synthesis:
the student must be able to synthesize and combine knowledge to
reach a resolution; and (vi) evaluation: the student should be able
to evaluate and critique information based on established criteria.

Considering the levels of the cognitive domain, the teacher elab-
orated a fictional scenario containing the contextualization of the
first day of work of a junior analyst in the development of a Vehicle
Insurance System. In such scenario, a number of problems were
identified that were generally identified in the real-world software
development process, as well as the result of the simulation of an
interview between the analyst and his new manager and some
classes already implemented by the company’s interns. Next, stu-
dents were oriented towards the creation of UML class diagrams for
improved system abstraction and the refinement of the elements of
such diagrams.
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In the proposed evaluative activity, the student should be able to
know and understand the concepts, apply, analyze and synthesize in
the creation of the class diagram and evaluate the generated model
to be able to refine the components of the diagram. Therefore, the
proposed evaluative activity falls within the 6th level of the Bloom
Taxonomy [2].

3.3 Data Collection and Analysis
We used interviews and questionnaires as instruments of data col-
lection. The research team had no relation to the students or their
grading. Questionnaires were applied by the teacher with the stu-
dents after the activities performed using the OSP. We used semi-
structured interviews with the teacher after lesson planning and
after the execution of the activities related both to the use of the
OSP and UML class diagrams.

For data analysis, we used descriptive statistics for the quantita-
tive data, and discursive analysis for qualitative data.

4 RESULTS AND DISCUSSION
4.1 The Students’ Perceptions
The questionnaire was applied to twenty-one students enrolled in
the course, but only eighteen students answered the questionnaire.

With respect to the distribution of students per course period,
61.6% of the students were allocated in the 4th and 5th periods of
the Computer Science course.

With respect to professional practice, 88.89 % of the students
declared to not have worked professionally in IT jobs, while the
remaining 11.11 % of the students declared to work as programmers.

With respect to students experience in real projects, 77.78 % of
the students declared to have no previous experience with real
projects, that is, the majority had their first experience with a real
project in the classroom.

The students evaluated their own ability to describe concepts
and practices related to UML class diagrams, as well as to analyze
and generate the diagrams using tools, as can be seen in Figure ??.

Most students stated that they were able to describe concepts
and practices related to UML class diagrams, analyze and generate
diagrams for midsize software. It is worth mentioning that 100% of
students consider themselves capable of using tools to create class
diagrams. The students also evaluated whether the methodology
used in the classroom helped in understanding the concepts, their
technical preparation for creating class diagrams for a real software
project and contributed to a better professional performance in the
future.

In the students’ perceptions, the activities performed in the class-
room helped to feel more technically prepared for the job market,
and to visualize the complexity and difficulties in constructing the
diagrams in a real project. But it is important to emphasize that
students exposed to the FLOSS project also have acquired skills in
the use of tools commonly used in industry, such as GitHub.

Finally, Figure 4 presents the results of students’ evaluation of
the methodology and its contribution to the development of proac-
tivity, communication, ability to deal with code developed by third
parties, to solve problems, to write clear, concise and precise soft-
ware documentation, and to understand the importance of software
modeling.

More than 94% of students stated that the methodology used in
the classroom promoted enhanced proactivity. In addition, more
than 85% of students reported that the methodology allowed them
to have some experience with code developed by third parties.
Moreover, 100% of the students stated that the activities carried
out contributed to the development of problem solving skills and
understanding of the importance of software modeling. Finally,
more than 85% of students reported that the methodology used in
the classroom contributed to the development of communication
skills.

In addition to the accuracy of the data of the students’ question-
naire, the evaluation activity performed by the students involved
in the case study was analyzed.

4.2 The Teacher’s Perceptions
The interview was conducted with the teacher after the application
of the study. The teacher was motivated to discuss: i) experience
with Free Software hosted in repositories; ii) experience with teach-
ing of Software Engineering; iii) experience with teaching UML
diagrams; i) experience with the application of the use of FLOSS
projects in teaching the Class Diagram of the UML.

The professor said he had little experience in FLOSS projects,
since he had no contact with free software hosted in repositories
during the time he worked in the labor market. Despite the 7 years
of teaching experience, the professor declares that he has never
used FLOSS projects as an object of study for the teaching of any
discipline or specific content taught. He also informed that his
interest in the subject was stimulated from a lived experience as a
student in the execution of an activity proposed in a doctorate class
in the stricto sensu post-graduation program in Computer Science
in the line of research in Software Engineering.

The teacher teaches Software Engineering disciplines since 2012,
for uninterrupted periods, in classes of several courses, such as:
Computer Science, Information Systems, Internet Systems, Infor-
matics Degree and Systems Analysis and Development. Faced with
the challenge of considering the particularities of each course, the
teacher seeks to improve the teaching and learning process through
active methodologies (gamification, host, rotation by stations, case
study, among others), using Engineering tools and various applica-
tions. Always concerned with overcoming the challenges of dealing
with a diverse student profile, lack of disciplinary interdisciplinar-
ity and insufficient workload for planning activities. In relation to
the experience with the teaching of UML diagrams, the teacher
reported that he always provided content through dialogic and
expository classes, providing lists of exercises for resolution and
applying case studies through scenarios.

After applying the proposed intervention, the teacher recognizes
that it has been a challenging and rewarding experience. The main
benefits observed by the teacher were: i) the opportunity to know
and apply new techniques in teaching the UML in the discipline
of Software Engineering; ii) to be able to identify criteria for im-
provement in the learning process of the subject; iii) to increase the
interest in studying and researching more about the teaching of
Software Engineering using FLOSS projects. The teacher confessed
that using a FLOSS project only for teaching the Class Diagram
of the UML may not have generated the expected results because
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Figure 3: Perception of technical versus professional practice

the students focused more on getting to know github and doing
the initial recognition of the FLOSS project that is dedicated to
the correct use of syntax and semantics of the notation presented.
Facing this, ohe teachershowed motivation to participate in other
experiences involving the use of FLOSS projects to teach other
contents of Software Engineering and interest in better dosing in
the planning of activities a coherent time for students to devote
themselves to the concepts of the discipline.

5 CONCLUSION
One of the challenges for SE educators is to provide adequate sup-
port for the learning of students using FLOSS projects in the class-
room, since it is unlikely that students are familiar with all the
details of the technology tools. And as emphasized by Morgan,
Hislop and Ellis [16], teachers also need to help students with the
potentially steep learning curve of FLOSS culture and technologies.

Despite the effort of the teacher in the process of syllabus plan-
ning on UML class diagrams, by using FLOSS projects as an object
of study for students, we realized that the use of FLOSS in the teach-
ing and learning process of Software Engineering is a effective
alternative to approximate theory and practice. In this approach,
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Figure 4: Perception of acquired skills

students were exposed to the kinds of challenges they may face in
the job market.

Given the results obtained with the analysis of the students’
perception and the report made by the teacher involved in the
case study, we observe that there was a difference in the technical
skills developed in the students. However, students submitted to the
FLOSS project developed better social skills, such as: communica-
tion, interaction, collaboration and proactivity; thus corroborating
what was previously reported by Pinto et al. [21], that the use of
Open Source Project develops students’ social skills.

Based on the teacher’s report, the students presented abilities
related to the tolerance of what is different and acted to the benefit
of the work team with focus in the objectives of the group. Thus,
we can conclude that students who were submitted to the FLOSS
project developed affective domain skills, according to Bloom’s
Taxonomy [2].
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A THE UML EXAMPLES
B PROJECT RECOGNITION
B.1 Project Description

1. Name of the Project:
2. Website:
3. Description:

B.2 INITIAL RECOGNITION
4. How long has the project been in existence? Briefly describe

the project history.
5. What is the project license?
6. What is the size of the project? Number of lines of code?

Number of classes?
7. Has the size of the project increased in the latest versions?
8. Is there any recent activity in the project?
9. Is there business collaboration for the project? Are there

more independent developers than company employees?
10. What are the technologies (language, libraries, databases)

used by the software?

B.3 TECHNICAL CHARACTERIZATION
11. How many contributors participated in the project in the

last 6 months? And from the beginning?
12. What is the release policy?
13. Is there documentation to help newcomers? What kind of

information is available?
14. Does the project have an automated test suite?
15. Does the code contain comments? Are there parts that need

more comments?

16. Are there parts of the source code that are problematic?
Justify.

17. Can design patterns and architectural patterns be identified
from code? Which ones?

18. Is there any UML diagram saved in project folder(s)? In
which?

19. What did you need to install on your system to make the
project compile / run? Is the documentation provided by the
project sufficient?

C TASKS ON UML CLASS DIAGRAMS
• 1st STAGE:
Now that the pair already know the Champs Project of the
Galaxy, you should work on creating UML class diagrams,
according to the concepts presented in the classroom and
recommended readings. To support the creation of class
diagrams, I suggest the use of an open source modeling tool,
e.g. ArgoUML4 or StarUML5. Both students should create
the diagrams individually and then discuss each one design
decisions. After creating the final diagram, post the image of
it by updating the ’Branch’ created with a new ’Pull Request’.
Remember that commits will be evaluated, so use resources,
such as the checklist of both members of the pair to create
the class diagrams.

• 2nd STAGE:
Creating the UML Class Diagram.

D QUESTIONNAIRES
D.1 Students

D.1.1 Part 1: Student profile.

• What is your course?
• What is your period?
• Do you work in the area? If so, what activity do you do? *
The area functions are: Programmer, Analyst, Analyst.

• What is your experience by participating in real software
projects on other occasions? - Understand real project as:
created to meet the need of some user, institution, etc. It does
not correspond to a project to meet the requirements of a
discipline.

D.1.2 Part 2: About the learning process of class diagrams.

• I can describe concepts and practices related to the UML
Class Diagram.

• I can analyze and generate UML Class Diagrams for midsize
software.

• The methodology used helped me feel technically prepared
to create class diagrams for the job market.

• The methodology used allowed visualization of the complex-
ity and difficulties in constructing class diagrams for a real
software project.

• The methodology used allowed me to understand the con-
cepts of class diagram and their use in a real project.

• I can use tools to create class diagrams.

4http://argouml.tigris.org
5https://sourceforge.net/projects/staruml/
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• The methodology used made me able to perform similar
activities in a real software project.

• The methodology used contributed to a better professional
performance in the future.

• The methodology used contributed to my proactivity.
• The methodology used contributed to acquire experience
with code developed by third parties.

• The methodology used contributed to my ability to solve
problems.

• The methodology used contributed to my ability to commu-
nicate.

• The methodology used contributed to my ability to write
clear, concise and accurate documentation of software.

• The methodology used helped to understand the importance
of software modeling.

D.2 Teacher
• Experience with Free Software hosted in repositories:
• Software Engineering Teaching Experience:
• Experience with teaching UML diagrams:
• Reporting the experience with the proposed intervention:
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