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Abstract. This paper presents the conception of an educational robotics
project, the structure of the tutoring team, the tools utilized and the
challenges faced in the process of designing and implementing an educa-
tional robotics course. Applied by members of the Red Dragons robotics
team, founded at Federal University of Sao Carlos (UFSCar), the pre-
sented course is taught in public state schools to students from 11 to 15
years old. Its concept is based on the content of the National Common
Curricular Base (BNCC) and is built over teaching strategies that can
promote the development of cognitive, affective and metacognitive skills.
Over the last 10 years, more than 600 young people have been directly
impacted by activities promoted within the scope of the ”Robotics at
School” project in the city of Sdo Carlos.
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1 Introduction

Society has undergone significant technological transformations this century,
with innovations gaining traction in various areas, including education. This
creates the need for adapting traditional content and methods used in schools
to align with this new reality, aiming to provide a more dynamic and interactive
learning process. In this context, the use of robotics in education is an alterna-
tive that is becoming increasingly popular due to its ability to create stimulating
and motivating environments [1], explore multidisciplinary content, and enhance
the development of critical thinking, problem-solving, and teamwork among stu-
dents [2].

However, despite the notable positive aspects of robotics as an educational
tool, the Brazilian scenario presents obstacles to the growth of robotics usage in
schools [3]. Among the main difficulties encountered are the lack of preparation
on the subject by the vast majority of public school teachers, and the lack
of infrastructure, computers, and educational robotics kits in a considerable
number of Brazilian schools.

The Robotics at School project is an initiative conducted, at the moment,
by the Red Dragons robotics team from the Federal University of Sao Carlos
(UFSCar), where students volunteer to develop and bring to schools educational
activities and workshops using robotics as an interdisciplinary teaching tool.
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This paper presents the history of the Robotics at School project, the chal-
lenges encountered, the structuring of the team responsible for the activities
carried out by the project, and the results obtained from the efforts of these
volunteers.

2 Project Robotics at School

2.1 Project Creation

The Robotics at School project was created by professors at the Federal Uni-
versity of Sdo Carlos (UFSCar) in 2015 with the purpose of making robotics
accessible for students of all ages, using low-cost educational kits [1]. At the
same time, professors from the Electrical Engineering department and from the
Mechanical Engineering department at UFSCar were working on the Women in
Engineering initiative, which aimed to encourage girls in elementary and high
school to pursue careers related to STEM (Science, Technology, Engineering,
and Mathematics) fields. The two projects merged, and the group of researchers
responsible for the project, along with volunteer undergraduate students, be-
gan conducting robotics workshops in public schools in the city of Sao Carlos
until 2019, as shown in Fig.1. The activities included teaching robotics and pro-
gramming, mechatronics design, renewable energy concepts, Physics, Math and
English applications, and also mentoring teams for robotics competitions.

Fig. 1. Robotics at School initial activities (2015-2019).

The frequency that these activities took place in schools was decided by the
representatives of the institutions, who were also responsible for appointing ed-
ucators to assist in monitoring and organizing the students during the project’s
implementation. Additionally, when possible, the tutoring team provided train-
ing for these teachers so that they could continue using educational robotics
after the Robotics at School project period ended. The teachers and students
participating in the project used educational robotics kits, recyclable materials,
and computers to serve over 300 students, aged 10 to 18, from multiple schools
during the period from 2015 to 2019.

Due to the increasing demand for Robotics at School activities, there was a
need to train more interested undergraduate students to continue the project.
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Thus, at the beginning of 2020, the Red Dragons Robotics Team was invited to
participate in the initiative.

2.2 The Red Dragons Robotics Team

The Red Dragons robotics team was founded in 2013 and is part of the Robotics
Group of the Federal University of Sao Carlos. The project aims to be an ex-
tension for undergraduate and graduate students of UFSCar where they can
develop activities in the areas of robotics and automation.

With the inclusion of Robotics at School as one of the activities conducted
by the Red Dragons robotics team, the group continued the project from 2020
onwards, using robotics as a tool to assist in teaching traditional school subjects
and training the team members to be the instructors.

The participants sought training on developing lessons based on the Lego
Methodology [4] and made changes to the structure of the project to incorporate
it into the team, which will be discussed in the next subsection.

2.3 Structure

To enable the functioning of the project, Robotics at School was divided into
three main areas with the following responsibilities:

— Teaching: Development of activities to be applied in workshops for students
of all ages, seeking ways to combine innovative content with topics already
addressed in the classroom;

— Maintenance: Ensures the organization and proper functioning of the kits
used in schools and workshops, repairing damaged parts, and eliminating
the concern with technical problems during the application of the courses.
In addition, the members of the Maintenance also offer support to schools
administration through consultancies indicating the advantages and disad-
vantages of acquiring different models of robotics kits;

— Academic Projects: Seeks new tools that can add to the activities carried
out in the workshops, responsible for devising, coordinating and producing
evaluation proposals, scientific papers and other materials that can expand
the technical-scientific knowledge developed in the project.

Using the presented organization, the challenge was how to transform a group
of university students into robotics instructors who could efficiently produce
and deliver quality practical lessons. The chosen strategy was the creation of a
continuous and documented training process for members to manage the high
turnover of participants without disrupting the functioning of the project.

2.4 Tools

The tools used in the classes consist of the Kit Alpha, the Kit Alpha Maker, and
the LEGAL software. According to the manufacturer PETE, these three tools
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were designed to enable and encourage children and young people’s first contact
with programming and robotics, as well as their continuity and evolution. The
kits offer flexibility in terms of creative possibilities, while LEGAL features a
programming language with simple and intuitive commands that shift the focus
from syntax learning to logical reasoning and the conceptualization of practical
solutions. Fig. 2 shows a robot built and programmed, respectively, utilizing the
Kit Alpha and the LEGAL platform.
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Fig. 2. Robot built by students during Robotics at School project.

Another tool used by Robotics at School is Code.org, a cloud based plat-
form that can be used to facilitate the introduction of logical thinking used in
educational robotics activities. Code.org offers various games and challenges for
free, but there is no dedicated content specifically for robotics. Therefore, it is
a tool used in introductory classes, where the main focus is on the development
of computational thinking.

2.5 Workshop Development

The workshop creation process is based on developing activities that relate
specific content, concepts, and processes contained in the Thematic Units of
the Brazilian National Common Curricular Base (BNCC) [5] with practical
robotics challenges. Additionally, themed arenas are developed based on the
chosen theme, each containing challenges designed for each class.

For each workshop created, an associated lesson plan was developed and
sent to schools along with an overall teaching plan for the robotics course imple-
mented by the project. The structure of these proposals was elaborated according
to the following topics:

Objective: What is the purpose of this workshop?

— Content: What skills, competencies, and contents of BNCC will be worked
on?

Presentation of materials: How do the materials that will be used work?

— Practical part: What is the challenge or problem situation?

Time: What is the estimated time to completion?
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— Material resources: What components will be used?
— Requirements: What prior knowledge is required?
— Assessment: How the development of skills and competencies is measured?

In addition to the lesson plan, each workshop has a slides presentation as
supporting material for the instructors.

2.6 Impact of COVID-19 pandemic

With the influx of new volunteers associated with Red Dragons and the restruc-
turing of the project, Robotics at School was in a good position to expand its
activities. However, the absorption of the project coincided with the period of
social isolation caused by the COVID-19 pandemic, demanding the adaptation
of all Robotics at School operations to remote format. The team produced a
complete course on robotics fundamentals through recordings of its members
presenting concepts using slide presentations as support. Red Dragons made all
the developed material available on its YouTube channel, [6], with the option to
activate Brazilian Portuguese or English subtitles on all videos.

The return to face-to-face activities at UFSCar and consequently the team’s
in-person activities occurred only in the second semester of 2022. During the
latter half of 2022, the team participated in organizing and judging the Brazilian
Robotics Olympiad (OBR) and events such as Women in Science.

However, it was only in the first semester of 2023 that the project managed
to resume in-person activities in schools, this time with a new robotics course
developed by Red Dragons members.

2.7 Post-pandemic Robotics at School

The new robotics course implemented in 2023 consisted of 12 workshops cover-
ing the following topics: Algorithms, Loops, Conditionals, Kit Pete and Legal,
Phases of the Moon, Toll Barrier, Light and Electricity, Recycling, Polygons, En-
vironmental Quality, Regions of Brazil, and Vaccination. The first four classes
of the course were reserved for teaching fundamental knowledge related to pro-
gramming and assembling robots with the PETE Alpha kits. A picture taken in
one of the workshops conducted in 2023 is shown in Fig. 3.

During 2023, Robotics at School operated in 4 schools, working with 90
students on a weekly basis, divided as follows:

— School 1: 24 students aged between 11 and 16 years, from Eighth grade of
Primary Education to First grade of Secondary Education;

— School 2: 30 students aged between 11 and 13 years, from Sixth to Seventh
grade of Primary Education;

— School 3: 24 students aged between 11 and 13 years, from Sixth to Seventh
grade of Primary Education;

— School 4: 12 students aged between 12 and 17 years, from Seventh grade of
Primary Education to First grade of Secondary Education.
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Fig. 3. Robotics at School workshop in 2023.

In parallel with these activities, the team developed an assessment method [7]
based on Fink’s Taxonomy [8] to identify positive aspects and areas for improve-
ment in the robotics course implemented in schools, as well as the development
of skills and competencies aimed with the activities.

During the first semester of 2024, the project operated in 5 schools with 76
students, aged 11 to 17. The activities at this moment also mark the first time
that Robotics at School will use its evaluation methodology, a very important
step for the evolution of the project that will enable a range of future work to
be carried out by the Red Dragons team.
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