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Abstract
Educational robotics has thrived in recent years and is now gaining increasing
presence in educational centres around the world. Although it has been especially significant in stages of secondary education, numerous introductory experiences have begun to be developed in stages of early childhood and primary
education. The experience presented in this chapter aims to initiate a research
line of educational innovation that will be focused on the didactic integration
of the following types of robots: mBot, Mouse Robot and Makey-Makey board.
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9.1. Previous considerations about the
development of the experience
The studies by Benitti (2012) and Alimisis (2014) demonstrate how
educational robotics has thrived in recent years and is now gaining increasing presence in educational centres around the world.
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Although it has been especially significant in stages of secondary
education, numerous introductory experiences have begun to be
developed in stages of early childhood and primary education.
In Spain, however, although educational robotics has also
started to be incorporated in the classrooms, this is still being regarded as an extracurricular activity, mostly due to the boom that
this technology has acquired in current society enhanced, among
other factors, by the new economic and technological demands
derived from an increasingly skilled labor (Smith, 2016).
The experience presented in this chapter aims to initiate a research line of educational innovation that will be focused on the
didactic integration of the different types of robots that are currently in the Spanish market.
The first robot was mBot, from the Chinese manufacturer
Makeblock (Figure 1), especially designed for stages of primary
and secondary education and baccalaureate.

Figure 1. mBot by Makeblock (http://bit.ly/mbot-makeblock)

The second one was Mouse Robot, from the American manufacturer Learning Resources (Figure 2), very similar to the famous
Beebot, but more appropriate for early childhood education and
the first years of primary education.
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Figure 2. Mouse Robot by Learning Resources (http://bit.ly/mouse-robot)

Lastly, we also worked with the Makey-Makey board, from Joylabz (Figure 3), a young spin-off created by two students of the
MIT Media Lab of Massachusetts, U.S.A.

Figure 3. Makey-Makey board by Joylabz (http://bit.ly/placa-makey-makey)

9.2. Educational robotics and computational
thinking: didactic possibilities
Currently, there is still no generally agreed definition in the scientific community to clarify the concept of educational robotics, pedagogical robotics or didactic robotics. In this sense, Pittí
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(2014) stated that educational robotics is a tool at the service of
learning, capable of generating collaborative environments where
the participants can practice the skills of the 21st century, which
are known as the “4Cs”: “Collaboration, Creativity, Communication and Criticism (critical thinking)”.
Acuña (2012, p. 8), on the other hand, defines it as a “learning
context that promotes a set of performances and skills directly
related to the creation, design, construction, programing and dissemination of one´s own creations, first mental, then physical, using different technological resources and materials, which can be
programmed and controlled from a computer or mobile device”.
Therefore, different elements are considered in both cases, such
as:
It is regarded as an interdisciplinary field.
It requires the creation of a technological object with a specific purpose that is given, depending on the author, different
names, such as educational robot, robot prototype and even
those who refer to the creation of automatisms, among other
considerations.
It is used in the field of education.
It contributes to the development of key competences and skills
for the students of the 21st century.
According to Bravo & Guzmán (2012) and Román & Hervás
(2017), robotics in the field of education turns out to be a resource
that facilitates the learning process and the development of general competences such as socialization, creativity and initiative;
these competences will allow students to respond with increasing
efficiency and adaptability to the shifting environments that characterize today’s society. For these authors, the presence of robotics
in the classroom is not exclusively limited to the mere training of
students in the field of robotics. On the contrary, they aim to use
its multidisciplinary nature to generate learning environments in
which students can perceive the problems of the real world and,
from them, imagine and formulate the possible solutions, and put
them into practice to stimulate their level of involvement and motivation for the subjects they are working on.
Programing and robotics involves Computational Thinking
(CT), that is, how machines and computers work, since these are
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programmed by human beings. According to the European Commission (2017), programing is today’s literacy and it helps developing new skills such as problem solving, team work or analytical
thinking.
Atmatzidou & Demetriadis (2014) consider CT as a fundamental skill that promotes, among students, new ways of thinking in
the different scientific disciplines. Yadav, Mayfield, Zhou, Hambrusch, & Korb (2014) define CT in a wider way, considering it as a
mental activity that allows visualizing problems and formulating
automated solutions.
In a society like the one we live in nowadays, increasingly based
on information, CT is becoming an essential skill for everyone, as
stated, for example, by An & Lee (2014) through the creation of an
initial training course for teachers, whose purpose was the familiarization, understanding and use of CT in the classrooms.
However, despite all the highlighted virtues, the contributions
of Alimisis, Moro, Arlegui, Pina, Frangou, & Papanikolaou (2007)
demonstrate how most teachers still refuse to acknowledge the
benefits that robotics can bring to the educational processes in the
classroom and even, when they do acknowledge so, many of them
claim that they are not ready to use and integrate robots didactically in their teaching and learning processes (Mataric, Koenig,
& Feil-Seifer, 2007) and, consequently, to incorporate projects of
educational robotics in their classrooms.
Therefore, this multidisciplinary nature of educational robotics requires teachers to acquire knowledge in this field, as well as
methodological and didactic strategies, for its curricular integration in the classroom. Thus, according to Alimisis et al. (2007),
teachers will have to accompany their students throughout the
entire learning process, calculating and adjusting its needs as it
develops. This process will require a constant reflection that offers
the necessary information to transform the traditional method,
directing it toward the promotion of activities that stimulate in
students the need for learning through exploration and the search
for knowledge and, thus, contribute to the development of their
creative thinking and intelligence.
In fact, the study by Sullivan & Moriarty (2009) demonstrated
that some teachers still feel unprepared to carry out teaching activities that involve the use of educational robotics, even after being trained in it. Kim, Choi, Han, & So (2012) also showed these
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flaws in Korean ICT teachers (considered, a priori, as skilled professionals in this field) and analyzed their training needs, both
in programing and educational robotics and in the applicability
of these in the classroom. In this regard, Greenberg, McKee, &
Walsh (2013) recommend also as a strategy to limit the number of
recruits for the teacher training programs.
According to Fredricks, Blumenfeld, & Paris (2004), the interest
of the teacher leads to an active commitment, in general, whereas uninterested teachers have less chances of making an impact
in the classrooms (Kim, Kim, Lee, Spector, & DeMeester, 2013).
Therefore, robotics can be an effective tool in which teachers
should become interested and learn about it (through initial and/
or continuing education), at first, and then use it in their teaching
processes.
Bers (2008) stated that teacher training in robotics can also
produce other positive influences in the teaching practice, such
as student-targeted teaching. According to Bravo and Guzmán
(2012), educational robotics can keep the attention of students.
The fact that students can handle and experiment directly contributes to focus, at all times, their attention, perceptions and observations about the activity being carried out.
Despite the importance of including educational robotics in
teacher training (Pittí, Curto, Moreno, & Rodríguez, 2013), there
are still very few studies that focused on this matter. According to
Gorman (2016), in order for educational robotics to settle naturally in the classrooms, teachers need more conviction and a lot
more training.
Perritt (2010) described professional development using a
learning approach based on problems along with robotics. Thus,
the more confident the teachers were, the more they used robots
and critical thinking in their teaching. Likewise, Osborne, Thomas, & Forbes (2010) highlighted the importance of teacher training, although they only mentioned the fact that there were workshops for teachers.
Arlegui, Pina, & Moro (2013) explained more about their teacher training, although they only provided testimonial reports about
what the teachers learned and did. Therefore, teachers need to be
efficiently trained in order for them to make a proper use of robotics (Bers, 2010:1).
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On the other hand, in the study by Agatolio, Pivetti, Di Battista, Menegatti, & Moro (2017), the participants showed greater willingness and better attitude toward robotics after receiving
a training course. The teachers coincided in the conviction that
robotics can improve student motivation to learn. Regarding implementation in the classroom, approximately two thirds of the
participants declared that they already had an idea of how they
would integrate robotics in the curriculum.
According to Artym, Carbonaro, & Boechler (2017), computational thinking has been identified by some researchers as a skill
desired by students of the 21st century. The challenge for teachers
will be to create learning environments that can foster the development of CT in students. Teacher training programs are a unique
vehicle to integrate CT skills in their pedagogical practice. It is a
clear fact that the growth and creation of employment is linked to
the development of innovation in education; thereby, the introduction and training of teachers in basic knowledge of robotics
in the present will have a positive impact in the progress of tomorrow´s society. However, as stated by Ferreira, Ryan, & Davis
(2015), the institutions that regulate the initial training of teachers
are large and complex organizations, and thus, difficult to change.
Lastly, to talk about robotics involves doing so about personal skills and STEM competences, or its STEAM evolution, which
is where educational environments are stressing the curriculum
and programs of science, technology, engineering and mathematics. In fact, it was because of the narrow approach of STEM (Science, Technology, Engineering and Mathematics) that educators
requested a less technical approach that allowed arts, design and
humanities to be included (<http://bit.ly/youtube-stem>).
This demand created the space for education in Science, Technology, Engineering, Arts and Mathematics (STEAM), a more
transdisciplinary approach focused on problem solving whose
primary objective is to prepare students to solve urgent problems
of the world through innovation, creativity, critical thinking, efficient communication, collaboration and, lastly, the active generation of new knowledge (Quigley & Herro, 2016).
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9.3. A didactic experience of innovation with
university students
The experience of innovation presented in this chapter was carried
out during the academic year 2016-2017 in the Faculty of Education Science at the University of Seville, Spain. Two groups of students from the Degree of Early Childhood Education and another
two groups from the Degree of Primary Education participated in
the experience.
The groups of participants from the Degree of Early Childhood
Education were constituted by fourth-year students who undertook the 6-credit basic training subject (<http://bit.ly/tic-infantil-us>): “Information and Communication Technology Applied
to Early Childhood Education”.
The groups of participants from the Degree of Primary Education were constituted by first-year students that undertook the
6-credit basic training subject (<http://bit.ly/tic-primaria-us>): “Information and Communication Technology Applied to Education”.
The experience began with a first session in which we explained to the students the meaning of CT and educational robotics (Figure 4). During this session, they were given a document
that contained both the computerized collective presentation used
in the session, and different texts that expanded the information
presented, which they had to use during the different sessions that
covered the entire experimental process.

Figure 4. José Luis Guisado, lecturer at the University of Seville, explaining
what educational robotics is
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Next, they were introduced to the Scratch and mBlock programing language (the Scratch version to program mBot robots), they proceeded to the assembling of the robots and then
they started programing them from the basic notions received
(Figure 5).
The practical lecture with mBot consisted in programing the robot in a way that this would move in different directions and even
detect obstacles with the ultrasound sensors and avoid them. They
also had to make the color LEDs in the top and front of the robot
switch on. The following videos (<http://bit.ly/mbot-video>) show
the interaction of the different groups of students with mBot.

Figure 5. Students programing the mBot with the mBlock programing language

For the learning of Scratch programing language, a simple template was used, which was provided by the non-profit organization “programamos.es” (<https://programamos.es>). Through it,
the students programmed a videogame related to healthy eating,
in which the famous cat had to stand beneath the fruits falling
down the screen and discard the bowls full of sweets (Figure 6).
In the next stage, the students were taught (Figure 7):
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The functioning and purpose of the second robot: Mouse Robot.
The procedure to assemble the circuit.
How to use the orientation chips.
How to program didactic units with Mouse Robot.
The following video (<http://bit.ly/mouse-robot-video>) shows
all the details about the interaction of the students with Robot
Mouse.

Figure 6. Students programing with the Scratch programing language

Figure 7. Students interacting with Robot Mouse
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The third and last stage of our experience was designed for the
students to learn (Figure 8):
The functioning of the Makey-Makey board.
Its different purposes.
The most suitable methodological and didactic procedure for its
curricular integration in the classroom program.
The practical lecture with Makey-Makey consisted in drawing
arrows using a pencil (electricity conductors) and programing the
board in a way that, when the different arrows touched each other, the computer would reproduce the musical instrument they
had assigned: drum, cymbals, etc.

Figure 8. Students programing the Makey-Makey board with Scratch

9.4. Conclusions
In order to know in more detail the results obtained from the didactic experience of innovation, with the university students of
the Faculty of Education Science at the University of Seville, Spain,
we created a satisfaction survey that was administered at the end.
From its analysis, the following conclusions were drawn:
a) The general degree of satisfaction shown by the students was
very high, since they claimed to be very satisfied with the
opportunity that the experience had offered them to interact
with the robots and their corresponding applications; they
even showed their desire to spend more time doing this kind
of activities. Thereby, at this point, we formulate the following
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question: why must teachers have knowledge related to robotics?
b) First of all, because, in the near future, society will require different jobs related to programing and machines. This will be
driven by a humanity that will be increasingly computerized,
as is already happening in the present, which is also leading
many companies to resort to robots for the realization of logistic or marketing activities (assistant robots).
c) The second justification is related to the development of competences (both basic and specific) in the field of education that
are acquired or reinforced through programing, among which
we can highlight the following: motivation, curiosity, interest,
participation, collaborative work, self-learning, critical thinking, shared building of knowledge, access to new means of
information and communication, application knowledge, creativity, imagination, learning how to learn, skills in and with
ICT, as well as frustration tolerance, among others.
d) Both programing and robotics constitute a booming market
driven by the development of new and improved services and
products. This is not only happening in sectors like manufacturing, search and rescue, health, housing, transportation and
logistics, environment and agriculture, but also in compulsory
education, which is where future researchers and scientists will
come from.
The transversal nature of robotics is an advantageous aspect to
efficiently approach the main concerns that affect us all. Thanks
to this characteristic, students can involve in daily matters, such
as climate change, sustainable transportation, affordable renewable energies, food safety and even safety itself. Therefore, we must
hope that funding for research and innovation will grow exponentially in these areas with the aim of improving the quality of life
of all citizens.
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