450
CINTED-UFRGS

Revista Novas Tecnologias na Educação

____________________________________________________________________________________________

Education 4.0: Robotics Projects to Encourage 21st Century Skills
Deivid Eive dos S. Silva, UFPR, dessilva@inf.ufpr.br
Aline de Oliveira Sousa, UFPR, ninimec@gmail.com
Marcela R. Oliveira, UFPR, marcelaoliveiraribeiro@gmail.com
Marialina Corrêa Sobrinho, UFOPA, linasobrinho@gmail.com
Eduardo Todt, UFPR, todt@ufpr.br
Natasha Malveira C. Valentim, UFPR, natasha@inf.ufpr.br
Abstract. Education 4.0 is defined as a student-centered learning model that prepares
young for the challenges of the 21st Century, how to deal with emerging technological
resources and processes. This case study aimed to encourage 21st Century skills and
competencies seen as relevant to Education 4.0, such as teamwork, communication,
autonomy, creativity, and innovation. In this study, we analyzed the feedbacks collected
to identify which skills were encouraged in undergraduate and graduate students during
one semester of the Mobile Robotics discipline, using Project-Based Learning (PBL).
Students carried out projects and answered a self-assessment questionnaire about their
skills. The qualitative analysis of the case study followed the procedures of the
Grounded Theory method. The results indicated that learning based on robotics
projects could encourage teamwork, communication, and organization skills.
Keywords: Education 4.0; Robotics Projects; 21st-Century Skills
Resumo. A Educação 4.0 é definida como um modelo de aprendizagem centrado no
estudante que prepara os jovens para os desafios do Século XXI, como lidar com os
recursos e processos tecnológicos disruptivos. Este estudo de caso teve o objetivo de
incentivar habilidades e competências do Século XXI vistas como importantes no
contexto da Educação 4.0, tais como trabalho em equipe, comunicação, autonomia,
criatividade e inovação. Neste estudo, analisou-se os feedbacks coletados para
identificar quais habilidades foram incentivadas nos estudantes de graduação e pósgraduação durante um semestre da disciplina Robótica Móvel, usando Aprendizagem
Baseada em Projeto (PBL). Os estudantes realizaram projetos e responderam um
questionário de autoavaliação sobre as habilidades. A análise qualitativa deste estudo
de caso seguiu os procedimentos do método Grounded Theory. Os resultados indicaram
que a aprendizagem baseada em projetos de robótica pode incentivar habilidades de
trabalho em equipe, comunicação e organização.
Palavras–Chave: Educação 4.0; Projetos de Robótica; Habilidades do Século XXI

1. Introduction
Industry 4.0, also known as the fourth Industrial Revolution, gains impulse through the
digital age. Thus, emerging technologies such as Digital Platforms, Cloud Computing,
Artificial Intelligence, Robotics, among others, collaborate to foster the most diverse
segments of the industry (Oliveira and Sommer, 2017). Industry 4.0 focuses on data
management, work systems through technology, communication, and work efficiency
improvements related to human resources (Winanti et al., 2018).
Many companies have suffered impacts on their traditional structure with the
advancement of Industry 4.0. In this process, other sectors were affected, mainly in the
education sector. Consequently, there was a need for educational training more aligned
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with the contemporary world, which would prepare young people for the challenges of
the 21st Century (Puncreobutr, 2016). In this sense, education needs to prepared future
professionals to operate in this new market concept. Thus, students need to be prepared
for much more than repetitive activities. Graduates should have been trained to adapt
and have a dynamic mindset in the market. Based on this, the teacher could use
emerging technologies in the classroom to encourage skills e competencies of the 21st
Century to prepare young for Industry 4.0.
Emerging technologies could encourage students' skills and competencies, such
as problem-solving, creativity, innovation, critical thinking, resilience, flexibility, and
mastery of technologies. Thus, it is believed that it will be possible to transform young
into autonomous, creative, and participative subjects, and, consequently, into more
capable professionals for Industry 4.0 (Coskun et al., 2016). Besides, that active
methodologies, such as Project-Based Learning (PBL), can make it possible to work on
the protagonism of the student.
In the literature, skill is defined as Know-How, while competence is known as
Know to Apply. According to the European Center for the Development of Vocational
Training, skill is the ability to perform tasks and solve problems. Simultaneously,
competence is the ability to apply learning results in a defined context, such as
education, work, personal or professional development (CEDEFOP, 2008).
This paper presents a case study that aimed to encourage 21st Century skills and
competencies in undergraduate students in Computer Science and postgraduate in
Informatics. For this, robotics projects were carried out in the classroom, following
Project-Based Learning (PBL). The case study results indicated that learning based on
robotics projects: a) encouraged skills such as teamwork, communication, and
organization, seen as relevant in the context of Education 4.0, b) allowed active
learning, and c) worked the protagonism of the student.
This paper is organized into 7 sections. Section 2 defines the main concepts and
terms of Education 4.0 and presents some works related to Educational Robotics.
Section 3 describes the planning and execution of the case study. Section 4 presents the
quantitative analysis. Section 5 describes the qualitative analysis. Section 6 contains
discussions. Finally, conclusions and future work are presented in Section 7.

2. Background
The first mention for Education 4.0 was given in 2015 by Scheer (apud Ciolacu et al.,
2017). The term Education 4.0 is still considered recent, as there is still little scientific
literature on this topic (Ayub et al., 2018). In Education 4.0, teaching happens as
follows: information needs to be accessible, and students should learn to find it instead
of the teacher offering it to them in a rigid structure. Besides, students need to be
encouraged to improve and develop their competencies and skills rather than learning a
set of predefined data (Intelitek, 2018).
There are different classifications for skills and competencies in the literature.
These can be Organizational (time management, leadership, and planning),
Communicative (negotiation and communication), Behavioral (initiative, creativity,
ethics, and coherence), Cognitive (problem-solving, critical thinking, agility to make
decisions, interpretation, reflection, generalization, abstract thinking), and Socioemotional (interpersonal relationships, teamwork, interest management, environmental
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awareness, self-confidence, self-development, integrity, persuasion, self-control of
emotions, empathy, flexibility, emotional stability, collaboration, patience, enthusiasm,
resilience, and optimism) (Mourtzis, 2018) (Cotet et al., 2017) (Piñol et al., 2017).
In Education 4.0, the learning process is expected to be personalized. Students
have the flexibility to be responsible for building their knowledge with the freedom to
achieve their desired goals (Hartono et al., 2018). This new parameter redefines the
education format, known as Education 4.0.
The use of robotics has been one of the most investigated topics in Education 4.0
(Messias et al., 2018). Experts encourage its use to prepare students with 21st Century
skills and competencies (Eguchi, 2018). In this sense, we conducted a literature review
to identify how robotics activities could encourage 21st Century skills and competencies
in students. Thus, this paper presents the possibility of working robotics through the
PBL to experience the characteristics of Education 4.0 in Higher Education.
2.1 Related Works
Different researches about educational robotics can be found in the literature. However,
we prioritized the works that sought to encourage 21st Century skills and competencies
in students, as these studies are characterized as initiatives of Education 4.0. Some of
these initiatives are presented below:
•

Case study about the skills developed through robotics activities, without
involving the competition. Thirty-four high school students participated
following the LEGO Education Maker process, answered a self-assessment
questionnaire about their developed skills, and participated in a focus group.
This study focused on skills such as creativity and innovation, problem-solving,
collaboration, communication, and learning to learn (Messias et al., 2018).

•

Case study about the development and test robotic dolls to support early
childhood students. Different types of robotic doll designs were considered
before using a glove doll. Fifty-two five-year-old children were observed to
assess the robot's performance, from which quantitative and qualitative data
were collected. The study indicated that robotic toys could improve learning,
creativity, imagination, and interaction (Causo et al., 2015).

•

Experimental Study about Robotics and STEM (Sciences, Technologies,
Engineering, and Mathematics) methodology with ninety-one teen students. This
study aimed to investigate how students perceive educational robotics as a tool
to improve 21st-century skills, such as creativity, collaboration, and
computational thinking, and to stimulate their interest in STEM. During the
semester, students worked with robotics and evaluated their experience with a
questionnaire. The results illustrated that educational robotics activities could
increase students' interest in coding, Computer Science, and Engineering
(Negrini and Giang, 2019).

In this section, researches were presented under different perspectives about the
use of Robotics to encourage 21st-century skills and competencies. Therefore, we chose
to work with PBL in the discipline of Mobile Robotics, being one of the active
methodologies not followed or mentioned in the identified works. Through PBL, we
seek to personalize learning to encourage 21st Century skills and competencies in
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undergraduate and postgraduate students, having as parameter the characteristics of
Education 4.0.
2.2 PBL and Educational Robotics
Project-Based Learning, also known as Pedagogy of Project, relates theory and practice
in the classroom. Therefore, learning takes place through a sequence of activities that
have meaning for the student. These activities are based on a constructionist learning
perspective, where the student learns by doing (Roessingh and Chambers, 2011).
In this sense, the student appears as the main actor in the construction of
knowledge. It is up to the teacher to mediate (listen, question, guide) and provide the
necessary subsidies for this to happen. The teacher is the one who needs to challenge
him and create moments so that he can make regulations and formalize knowledge
(English and Kitsantas, 2013).
The PBL seeks the realization of new pedagogical practices, to learn beyond the
classroom. In this way, the teacher's project needs to be attractive so that the student can
transform knowledge into something applicable to life. The student should develop
relevant skills for their school education, such as cooperation, autonomy, creativity,
among others (Bell, 2010).
Educational robotics create a conducive space for learning, where students can
come together to solve real-world problems from projects. For this case study, we
realized the possibility of working on educational robotics in conjunction with the PBL.
Thus, a case study was carried out to analyze how this combination could encourage
21st Century skills and competencies.

3. Case Study
This case study was carried out with thirty-two undergraduate and graduate students
enrolled in the Mobile Robotics discipline from the Federal University of Paraná. The
students were organized into five teams (two teams of seven students and three teams of
six). The teams had the option to choose one of the three projects: a) Very Small Size
Soccer (VSSS): physical robots soccer category; b) 3D Simulation of Humanoid Robot
Football: virtual robots soccer category; and c) Drone challenge: the creation of an
application to make the drone fly over a straight line. As proposed by the professor,
these projects were performed over a semester to contextualize the contents of the class
(the students applied the knowledge acquired in class in their projects) and check the
skills encouraged and useful for students to produce robotics projects. The students
organized themselves by affinity and, subsequently, filled out a characterization
questionnaire to distribute tasks according to the existing skills and competencies. The
characterization questionnaire indicated that students were beginners in robotics, having
some skills in programming and teamwork experiences.
3.1 Case Study Planning
The case study was organized into two parts to identify the contribution of Robotics in
conjunction with the PBL for an Education 4.0: implementation and evaluation. In the
first part, the professor organized the classes' dynamics, which served as evaluative
items to compose the students' grades. The delivery of tasks was organized into three
modules: (T1) Specification of project, (T2) Prototype, and (T3) Product. Posteriorly,
we prepare the necessary artifacts for conducting the study as (a) Informed Consent
Form (ICF): to present the research in question and verify the consent of the students
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concerning their participation in the study, (b) Characterization Questionnaire: to
support participants in project organization and task delegation, (c) Worksheet: to guide
and specify stages T1, T2 and T3; and (d) Self-Assessment Questionnaire to verify the
competencies and skills encouraged.
In the second part, the professor defined the participants' evaluation process. The
students were evaluated based on the productions of T1, T2, and T3 modules, which
should reflect the knowledge acquired by the student in the theoretical classes. Lastly,
the self-assessment questionnaire was used to verify the 21st Century skills and
competencies encouraged during the semester.
For quantitative analysis, we organized the self-assessment questionnaire in six
21st Century skills, such as (1) creativity and innovation, (2) problem-solving, (3)
communication, (4) teamwork, (5) learning to learn, and (6) organization. These skills
were chosen because they represent the most studied skills in the related works
identified in the literature (Messias et al., 2018). However, students could outline other
types of skills in open questions. For the qualitative analysis of the data obtained in this
case study, the Atlas.ti version 6 tool was used, following the Grounded Theory method
(Strauss and Corbin, 2014), detailed in Section V.
3.2 Case Study Execution
Initially, we explained to students how the study would be conducted. The participants
signed the ICF. The professor defined the delivery dates of the modules.
T1 / Specification: in this stage, the students chose the project by preference, and
the teams were formed. In sequence, a project manager was chosen to apply the
characterization questionnaire with the team. This questionnaire sought to identify the
profiles and characteristics of the members of each team. Thus, the project manager
defined and distributed the tasks among the members, according to the competencies
and skills. Subsequently, the group established the project design containing the
requirements gathering, description, use case diagrams, and other artifacts.
T2 / Prototype: in this stage, the teams presented the project's idea through an
application in progress. In this way, the participants used the materials available on the
course page. They participated in classes and workshops related to specific content for
each project, taught by the professor. In the end, the teams also presented a report with
the description and indication of these project's development stage.
T3 / Product: In this stage, the teams performed the tests and validation of the
product. Finally, the students demonstrated the work produced. The Simulator teams
decided to present a friendly match to each other to expose their work (Figure 1). After
the demonstrations, each team delivered the final project documentation.
Finally, the participants answered the self-assessment questionnaire about their
participation in the study. In this sense, it was possible to verify how competencies and
skills contributed to students' learning, having the robotics and PBL as supporting
methodology. The data were analyzed quantitatively and qualitatively.
3.3 Example of one project created
For the Humanoid Robot 3D Football Simulator project, students used the UT Austin
Villa code as a base. The participants were able to develop their heuristics in the base
code. Consequently, the teams could add new skills to robots' skill sets, such as scoring
barriers, attack strategies, and goal-kick defense. Figure 1 shows the friendly match
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between teams A and B of the simulator to present the project developed in the Mobile
Robotics class.

Figure 1 - Friendly match between teams A and B of 3D humanoid robot football simulator

4. Quantitative Results
At the end of this case study, of thirty-two participants, twenty students answered the
self-assessment questionnaire. Figure 2 presents the results of the students' selfassessment on the skills encouraged in the projects. The sentences were organized using
the following scale: (I) strongly disagree, (II) partially disagree, (III) neither agree nor
disagree, (IV) partially agree, and (V) strongly agree. The scale is organized with the
number of students concerning the skills encouraged.

Figure 2 - Results of Students Self-Assessment Concerning Encouraged Skills

Through quantitative results, we identify that some students had a low
development in organizational skills. In this sense, six students totally disagreed with
the sentence "I was able to delegate tasks, I charged my colleagues to deliver parts of
the work". Besides, seven students disagreed with the fact that they had planned the
work before designing it. In sequence, we notice that some students were not prepared
concerning the learning to learn skill. Seven students neither agreed nor disagreed with
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the sentence "I learned to have discipline in my activities". Moreover, six students
neither agreed nor disagreed concerning learning to be independent in their tasks.
On the other hand, we note that students were optimistic about the skills of
teamwork, communication, creativity, and innovation. Therefore, fifteen students totally
agreed with the sentence "I was able to respect the different ideas of my colleagues".
Besides, thirteen students totally agreed with the sentence “I was able to listen my
colleagues carefully and patiently”. Moreover, ten students totally agreed to "have been
able to communicate their ideas to colleagues".
In addition to the closed questions, in the same self-assessment questionnaire,
students still could report their experiences with robotics projects and how the 21st
Century skills and competencies contributed to their learning. These reports have been
analyzed qualitatively and are described in Section V.

5. Qualitative Results
The qualitative analysis was based on the Grounded Theory (GT) method (Strauss and
Corbin, 2014). The qualitative data collected through the self-assessment questionnaire
were analyzed using a subset of the steps in the coding process suggested by the GT
method: open coding (1st step) and axial coding (2nd step).
After analyzing the qualitative data, codes were created (concepts to understand
the perception of robotics projects) according to the participants' speeches - open coding
(1st phase). Subsequently, the codes were grouped according to their properties,
forming concepts that represent categories. Finally, these codes were related to each
other - axial coding (2nd phase).
The objective of qualitative analysis in this case study was to understand how
Educational Robotics, in conjunction with the PBL, can contribute to the development
of 21st Century skills and competencies. Thus, it was decided not to choose the main
category because the GT rule is the circularity between collection and analysis stages
until the theoretical saturation is reached (Strauss and Corbin, 2014). Therefore,
selective coding was not performed (the 3rd phase of the GT method).
Regarding the contribution of the robotics projects, the comments of the students
demonstrated that to use Robotics encourages: (I) Creativity (see the quotation from
P1), (II) Communication (see the quotation from P2); (III) Teamwork (see the quotation
from P3); (IV) Problem-solving (see the quotation from P4), and (V) Resilience (see the
quotation from P5).
“I found that the use of Robotics stimulated my creativity. I had to use it at each
step of the project” (P1).
“I thought communication with my group was easy. My colleagues were very
open to discuss the project” (P2).
“(...) We were very close and worked well together. Each member of the team
was able to collaborate with the best they knew how to do” (P3).
“In coding problems, I thought it was cool to think about the solution” (P4).
“We had to be very resilient at work” (P5).
Regarding the contribution of the PBL to the teaching and learning processes,
one participant said that the methodology by project makes it possible to encourage 21st
Century competencies and skills (see the quotation from P6). In sequence, one
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participant said that the methodology per project allows interaction between participants
(see the quotation from P7). Besides, one participant believes that the project's
methodology provides involvement with the activities (see the quotation from P8).
“The Robotics project allowed a great learning experience, as we faced
problems and managed to solve them. Next, I managed to learn things I didn't know”
(P6)
“During the project, the team walked closely together. Ideas came up, everyone
discussed and increased the proposal” (P7).
“Through a project, we were able to learn, help others, and actively participate
in the proposal” (P8).
Finally, comments showed that it was possible to encourage 21st Century skills
and competencies. The testimonies indicated that some students, even with difficulties,
could deliver their projects through resilience skills. Besides, even without mastery of
Robotics, some students managed to finish their work through the use of skills, such as
teamwork, communication, and organization.

6. Discussions
In general, robotics proved to be a useful technology for students to experience the
environment of Education 4.0 through the PBL.
This practice of Education 4.0 could be based on Dewey's pragmatism theory
(Dewey, 1979), which argues that students learn better by carrying out practical
activities associated with the content learned. Dewey believes that the ideal space for
learning is where students can communicate, discuss ideas and, exchange experiences
about practical activities (Dewey, 1979).
In this case study, students were free to choose the project type. For Education
4.0, this process is considered dynamic. It allows students to decide what they want to
learn, when, how, why, and where. In this way, students have the flexibility to be
responsible for building their knowledge (Hartono et al., 2018). At the end of the study,
the self-assessment questionnaire became interesting due to allowing the student to
exercise his protagonism in its learning process. We believe that students reached a
level of maturity during the activities, having the conditions to self-assess.
The results identified in the quantitative analysis showed that most students need
to develop autonomy better. We believe that due to the lack of proficiency in this skill,
other skills were hindered, for example, “(..) being independent in activities” (learning
to learn). Besides, less autonomy may also have affected work management, such as
“planning and delegating tasks” (organization). The results identified in the qualitative
analysis showed that Robotics linked to PBL encouraged teamwork skill. Therefore, the
work methodology allowed students to deal with people in the group, tasks, resources,
and schedules to execute different projects. The deficiencies found that refers more to
the skills of organization, leadership, and independence should serve as a basis for
discussing the pedagogy of the discipline and looking for ways to improve the learning.
In this case study, some benefits from Robotics with PBL are presented. We
noticed that these educational approaches could contribute to active learning. The
student could work the student's protagonism and learn by doing, besides encouraging
21st Century skills and competencies, instead of teaching a set of predefined data.
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However, a limitation of this study is related to the size and homogeneity of the
sample since there are 20 students from the same university. This number of participants
is not ideal from a statistical point of view. Thus, there was a limitation of the results,
which are considered the evidence and not conclusive.

7. Conclusions and Future Works
This paper presented a case study that aimed to encourage 21st Century skills and
competencies in undergraduate students in Computer Science and graduate students in
Informatics. Students provided feedback on Robotics activities with the PBL carried out
at the university.
By analyzing the quantitative and qualitative results of this case study, it was
possible to notice that the students worked well with teamwork, communication,
creativity, and innovation. A student also provided positive feedback on the resilience
that is part of socio-emotional skills. This skill allowed students in his group not to give
up on the project even in difficulties with robotics. Skills such as organization,
leadership, and independence that were less developed in the students will serve as a
basis for new directions within the Mobile Robotics class to improve the learning.
With this study, we intend to show the need to train students with 21st Century
skills and competencies and disseminate the concept of Education 4.0. Thus, it is
believed that education and technology can prepare young to face the challenges,
barriers, and work needs of Industry 4.0. Moreover, we intend to work on future
activities with organizational skills to train young for Industry 4.0. From that, we
believe that it will be possible to improve student learning and cause positive changes in
the training of Computer Science students.
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