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Abstract

Current initiatives and laboratories concerning Educational Robotics (ER) are often not based on strong pedagogical back-
grounds. Additionally, they are carried out by inadequately trained teachers, and are not evaluated properly in terms of
effectiveness. Moreover, according to teachers, ER usability is often neglected. The main goal of the present article is to
present a training course on ER (Edu.Ro.Co.), grounded in pedagogical insights, and to discuss the results of the course and
teacher’s opinion about ER in terms of: (i) teachers’ attitudes and perceptions of using ER; (ii) the potential impact of ER on
students’ key competences for lifelong learning; and (iii) strengths and weaknesses of ER. These aspects were analysed by
means of questionnaires specifically designed by the authors, and administered before and after the training course. A total of
339 teachers attended the training course and 254 completed the questionnaires. The article describes the methodology utilised
in the realisation of the course and analyses the questionnaire’s results. In particular, the number of teachers that considered
themselves prepared to apply ER significantly improved after the training course. ER is considered by teachers an important
tool for the improvement of students’ motivation, planning skills, team working, problem solving and creativity development.
Finally, the results from questionnaires indicate that teachers consider ER, a method that improves team-working abilities
and motivation in the students. In contrast, the main disadvantage is the cost of the robotic kits. Based on these results, new
directions for future research in ER are discussed.
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1 Introduction

Educational Robotics (ER) refers to the use of robots as a tool
for teaching, and currently represents one of the most promis-
ing educational tools among new technologies [1]. Through
the assembly and programming of robots, ER gives students
the opportunity to perform learning activities by having fun,
while also creating an appealing learning environment, pro-
moting engagement and interest [2]. Constructivism theory
considers learning to be an active process, where children
are seen as operative constructors of their own knowledge.
Through interaction with the environment, each child creates
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his own representation of the world, merging new informa-
tion with their prior knowledge [3]. Constructionism theory
adds the importance of using concrete objects and concrete
problems to solve in order to make the learning process
more efficacious [4], passing (simplifying) from a learn-by-
doing method to a learn-by-making one. Applying Piaget
and Papert’s ideas, the manipulation of an artefact (a robot in
our case) is crucial to forming an effective student learning
process [3.4], especially when ‘the learner is consciously
engaged in constructing a public entity’ [5]. ER is also
considered an important tool for favouring the diffusion of
technologies in education [6], and is often applied to Science,
Technology, Engineering and Math (STEM) activities.

The European Commission (EC) has designed, imple-
mented and funded different initiatives to encourage STEM
activities, and many countries, including Italy, have adopted
national strategies to improve the quality of STEM teach-
ing [7]. EC initiatives to encourage STEM studies involve
teaching methods (the way in which science is taught can
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influence students’ attitudes and motivation [8]), teachers’
professional development (teachers’ preparation and engage-
mentin STEM is determinant of students’ achievement in this
area [9]) and guidance for pupils (the perception of class-
room tasks as meaningful and relevant—i.e. motivating—
influences students’ perceptions of learning being useful for
their future [10], affecting their interests). Moreover, pupils’
interests influence their choice of future career [11,12].

Regarding ER, such aspects have been dealt with differ-
ent initiatives, conferences and competitions, such as FIRST
Lego League and RoboCupJunior. The European Union has
also founded different projects regarding ER, including the
Baby Robot project, concentrated on child-robot interaction
and communication [13]; the 12tor project, aimed at sup-
porting teaching preschool children a second language [14];
the EMOTE project, with the aim of improving the use of
artificial tutors as learning-facilitator tools [15]; and the Euro-
pean Project RoboDidactics, aimed at introducing robotics
in didactics to advance learning processes [16]. In 2012, a
Public—Private Partnership (SPARC) among the European
Commission, industries and academia was signed to facilitate
the growth and empowerment of robotics [17]. In the SPARC
Strategic Research Agenda, the use of robotics to engage
children in science and technology is cited and encouraged.

Within an Italian framework, we can cite other initiatives,
such as the Multi-Sectoral Network on Educational Robotics,
which aims to support innovative teaching and learning prac-
tices through the use of ER. With the purpose of innovating
the educational system, different actions have been under-
taken. This include in particular the improvement of teachers’
training and the introduction of new educational tools. New
directives, concerning teachers’ continuous training and pro-
fessional development, include educations that concern new
digital and technological resources, including robotics. In
Italy, one example of such changes is the new ‘Buona Scuola’
direction, in which ER is inserted into the education plans of
teachers in terms of digital competences [18].

Despite the fact that investment in STEM disciplines is
seen as a way to increase innovation, STEM education in
schools appears to be inadequate [19]. As in other Euro-
pean countries, the Italian educational system reflects the
previously-mentioned scenario. The performances of 15-
year-old students in mathematics and science are below
average for the nations belonging to the Organisation for
Economic Co-operation and Development [20]. Moreover,
despite the interest and the commitment of European and
national policies concerning the use of technologies in edu-
cation, an effective introduction of new technological tools
in schools is lacking. According to Alimisis [2], most of the
technologies currently used in schools, including robots, are
not included in educational programs and thus do not sup-
port abilities such as problem solving, decision making and
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communication, which are part of the key competences for
lifelong learning, according to the EU [21].

1.1 Related Works

Despite the growing interest in ER within educational set-
tings, teachers’ professional STEM curricula concerning ER
lack content, knowledge [22] and, most importantly, prepara-
tion in both technical and pedagogical terms [23]. The lack of
preceding ER training courses and therefore adequate prepa-
ration for teachers, lowers the efficacy of ER activities in
schools. Moreover, according to the literature, the efficacious
employment of educational technologies basically relies on
the attitudes of educators [24]. If teachers perceive them-
selves as being incompetent in what they teach, they tend to
reduce their intent to implement activities [25].

Literature concerning ER in teacher education is lack-
ing [9,26]. Training courses for teachers are not a common
practice and reports of such sporadic activities are often
inconclusive. Some limitations were reported by Kim [9]
and are discussed below.

Most ER activities lack a detailed description of the
trainer’s training in ER. For example, Barker and Ansorge
[27] described a pilot study involving a science and tech-
nology curriculum concerning robotics, but limited data on
the training of the adult assistants were given. When we find
information concerning the trainers’ training, we can note
how much of that training is focused on subjects other than
robotics. Often, ER training is part of a more general prepara-
tion, including a wider set of new educational technologies,
making it difficult to evaluate ER-specific methods and tools.
For example, the training reported in work by Kay and
colleagues [28] was mainly concentrated on programming
activities. Moreover, in such training there is often a lack
of theoretical background. Most ER training programs are
not based on guidelines derived from learning theories, but
rather are built on previous experiences. Nonetheless, there
exist some inspiring examples of successful ER training pro-
grams. For instance, Alimisis [29] presented the TERECoP
project, an ER program including constructivist principles,
whereas Elkin and colleagues [30] implemented a robotic
curriculum in a Montessori classroom.

Another problem is that most ER activities report on stu-
dents’ activities and children’s achievements, while only
briefly describing the educators’ curriculum, which can be
crucial. The main competences of a trainer of ER are not
identified, and ER activities are performed by trainers com-
ing from very different backgrounds. Another fundamental
point is the lack of attention paid to primary school teachers.
Most training in ER involves high school teachers, with only
a few studies including primary teachers as targets. This is
quite surprising if one considers that a large amount of data
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concerning ER effects found in the literature is derived from
activities carried out in primary schools [6,31].

Another fundamental point involves the disregard of
teachers’ attitudes and motivation toward ER. Riedo and
colleagues [32] carried out a survey with teachers during a
robotic festival. The survey included questions on the impact
of ER activities. The relationship between teachers’ attitudes
and motivations toward ER, and its effects on ER utilisation
and effectiveness, was not fully investigated, however.

Teachers’ perceptions of ER have also been neglected
[9,26] in terms of awareness about advantages and disad-
vantages that the use of a robot in classrooms can bring
about. Many studies in the literature concern perceptions and
acceptability regarding socially assistive robots, but only a
few pioneer examples can be found in the educative envi-
ronment [33]: Chevalier and colleagues, in the conclusion
of their work, stressed the importance of investigating the
acceptability of robots not only by pupils, as much of the
literature focuses on, but also by teachers, in order to define
better strategies for developing robotics in schools [34]. The
authors analysed the opinions of 43 teachers attending a train-
ing course about Thymio (an educative robot) and reported
that the participants had a very strong intrinsic motivation to
be trained in ER, reporting that the first cause of not using
robots in the classroom is represented by the non-adequate
level of a teacher’s skills and his low confidence concern-
ing robotics. For this reason, teachers found that ER can
be too much time-demanding to be applicable in the class-
room, because it may require time to become skilled and
able to integrate robots into the curriculum [34]. Kim and
colleagues [26] performed a survey on 116 teachers who
performed an initial activity with an educational robot, with
the purpose of investigating the teachers’ perceptions of ER.
The results indicated that teachers found robots useful to the
school subjects investigated, particularly in improving stu-
dents’ creative learning. Moreover, according to the study,
teachers identified ER as being particularly relevant as an
inclusive tool for introverted children.

Finally, the strategies of Rusk and colleagues [35] and
Alimisis [2] meant for broadening the participation of stu-
dents with robotics can be taken into account during the
realisation of ER training courses for teachers. Rusk and
colleagues suggested concentrating activities not only on
challenges, but instead on a theme. To do so, the authors
suggest organising exhibitions, rather than competitions, in
order to promote creativity, collaboration and sharing, while
avoiding possible insane competitiveness. Moreover, it was
suggested to involve not only the engineering aspect, but
also to create an interdisciplinary approach. This can be done
by incorporate storytelling, involving students in a narration
of what they plan, what they do and how they overcome
obstacles. According to psychology, narration is an important
psychological mechanism not only because of the cognitive

aspect it implies, but also due to its value for social exchange,
and because of the mental and emotional values it possesses
[36].

Alimisis [2] added further points, underlining the impor-
tance of incorporating situated activity, in the sense of asking
students to move their body around the robot, to physically
programme it and to follow its movement. Such a point is in
accordance with the theories of embodied cognition that point
out the relationship between cognition and the body [37].
Related to this point is the constructivism/constructionism
paradigm, which asks students to autonomously construct
and program the robot, instead of utilising ready-made prod-
ucts, stressing the importance of manipulation.

1.2 Goals

On the basis of this analysis, we can conclude that there
is a lack in teacher training concerning ER, as well as a
need for ready-to-use educational material that may improve
teachers’ opinions about the potential pedagogical utility and
usability of ER and save the excessive time needed to pre-
pare ER classes [9,26]. For this reason, we focused on the
importance of the training of ER teachers as a key point
in ER diffusion and effectiveness, by developing a specific
training course (Edu.Ro.Co.). The approach of the course
is based on a strong interaction between theory and practice,
and it promotes critical reflection on the possible pedagogical
implications of ER. Moreover, the innovation of our course
relied on the investigation of teachers’ attitudes toward ER, in
order to collect fundamental information for new directions
for future research in the ER.
In summary, the purposes of this article are twofold:

e To describe the methodology and the structure of an
innovative course on Educational Robotics, that can
be reutilised in future trainings.

e To discuss the course evaluation questionnaires
with respect to: teachers’ preparation; the potential
impact of ER on students’ key competences; and
teachers’ awareness of the strengths and weaknesses
of ER. These aspects were assessed before and after
the course to reveal modifications. Such modifica-
tions will contribute to the state of the art about
teacher’s opinion towards ER, not yet fully analysed
in the literature.

The article is organised as follows. Section 2 presents the
design of a training course concerning ER (Edu.Ro.Co.). Sec-
tion 3 is then dedicated to the implementation of the course.
Finally, Sect. 4 reports the methods utilised and the impact
of Edu.Ro.Co. In Sects. 5 and 6 Discussion and Conclusions
are presented.
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2 Design of the Course (Edu.Ro.Co.)

2.1 The Local Context: The Tuscan Regional Network
Concerning ER

The ER training course described in this paper was designed
for teachers of different school levels working in the Italian
region of Tuscany, who have been active in ER for many
years. This context and experience motivated the use of a
more rigorous methodology to design a course for teachers,
and to assess its impact.

This course started in March 2015, thanks to an agree-
ment among the BioRobotics Institute of Scuola Superiore
Sant’Anna, the Tuscany Regional School Office (Ufficio
Scolastico Regionale) and the Minister of Education. The
objective of the agreement was to introduce and spread the
use of robotics in formal education activities throughout
Tuscany. A collaboration with the University of Florence
(Department of Educational Science and Psychology) was
begun to develop a pedagogical framework for ER. The
objective of the agreement was to develop, test and evalu-
ate new modalities of education and didactics, such as ER.

The Edu.Ro.Co. training course was attended by 339
teachers from Tuscany, 70% of whom were female and 30%
were male. The schools involved in the course represented
30% of the schools present in Tuscany.

2.2 The Pedagogical Background

Because of the methodological uncertainties that usually
accompany technological innovation in schools, and because
of the risks associated with a naive constructivism that is
often combined with technological innovation (as pointed
out in the literature [38,39]), we decided to provide trainee
teachers with a structured methodological framework. Based
on the literature, we aim to avoid a naive faith in the impor-
tance of experience in the learning process, a trend that, based
on a simple interpretation of constructivism theory, underes-
timates the importance of the structuring and selection of
experiences [40].

This risk is even more important when we apply tech-
nology in classrooms, particularly those involving robots.
According to Papert, manipulation is crucial for an effec-
tive student learning process, but can be insufficient without
structuration. In order to avoid such risks, a connection
between ‘technology, pedagogy and content knowledge’ has
been achieved during the course in line with the TPACK, a
framework resulting from 5 years of research on teacher pro-
fessional development to individuate essential qualities for
integrating technology in teaching [41].

Nevertheless, during the training course, we focused on
some concrete obstacles that teachers must face when real-
ising ER activities:
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1. To clearly individuate the pedagogical potentialities
of ER technologies in school activities;

2. To combine the didactic contents and translate them
into assessable didactic goals (operationalisation of
the goals);

3. To adopt didactic methods that can achieve goals as
efficaciously as possible.

All these aspects are usually unclear during the utilisation of
ER (and in general, during the utilisation of technologies in
class). The emphasis on technologies often risks saturating
the attention of educators, and the use of technologies risks
becoming an end in itself. A clear and congruent utilisation
of technologies in an educational context must be based on
a pedagogical goal. The training course Edu.Ro.Co. met the
three aspects mentioned above.

Regarding the pedagogical potentialities of ER, we elicited
open reflection from trainees, which was monitored through
a predefined list of choices, presented at the beginning and at
the end of the course (see Table 5: Sectors in which ER can
be relevant).

Regarding the second aspect, the training course aimed
to enhance trainees’ planning skills in didactic activities
using technologies. First, during Module II, teachers were
furnished with some possible applicative examples and
best-cases of ER activities, for different robotic kits and age-
ranged children. Afterwards, they were asked to create a
didactic project involving ER and had to individuate prin-
ciple elements to be taken into account during the design of
the project in order to ensure its effectiveness. Each project
was revised and evaluated by the tutors, and modified on
the basis of the feedback received, in order to obtain a final
product of value that teachers could use in classrooms (see
Module III of Edu.Ro.Co., described in Sect. 3).

Regarding the didactic methods, we utilised a method
taken from evidence-based education [39,42] and the effi-
cacy of constructivism, pointing out the risks connected to a
naive constructivism [38]. For this reason, our framework is
characterised by the attention given to the circular alternation
between moments in which the teacher guides and provides
pupils with worked examples, and moments in which pupils
experiment autonomously and must justify their choices. The
model is substantially in line with Merrill’s five principles
(Problem, Activation, Demonstration, Application, Integra-
tion) [43] and Hattie’s indications for an effective didactic
(clearness of goals, challenging environment, reduction of
fear of mistakes, use of feedback) [39]. This method has also
been implemented during an experiment conducted by sev-
eral teachers. A more detailed description of its effects on
children’s performances will be reported in a future work.
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Fig.1 Structure of the
Educational Robotics Course
(Edu.Ro.Co.)

3 Implementation of Edu.Ro.Co.

The training course lasted 8 months and consisted of four
modules (see Fig. 1) performed successively, for a total of
32 h of training. Module I formed a theoretical framework of
ER, Module II gave the chance to practise with robots, Mod-
ule III resumed the contents learned by the development of
an ER didactic project and finally Module IV was dedicated
to feedback and sharing. Participation was free. Consent for
treatment of personal information was asked before to begin
the training course. Modules I, Il and IV included 5 h of face-
to-face training, whereas Module IIT was performed online.

3.1 Modulel

Module I concerned the pedagogical aspects involved in ER,
paying special attention to the methodological and evaluation
aspects necessary to implement effective ER interventions in
classrooms (see Sect. 2.2). More specifically, thanks to the
collaboration with the University of Florence, we promoted
the use of ER involving an appropriate educational theory
and learning environment. Two main goals were inspected in
this module: to reflect on the educational goal of ER and to
propose some suggestions for an effective ER didactic.

000duy/,

/
Didactic project: //
o Title
e Beneficiaries
® Background and rationale
© Objectives and evaluation
© Implementation
® Resources and timeline
© Robotic kit

® Discussion about
difficulties met in
developing the didactic
project
o Teachers Presentations of
selected projects
© Round table to share
experinces and
disseminate course
results

Application areas of ER:

1. Technological
2. Disciplinary
3. Cognitive

4. Metacognitive
5. Emotional and
motivational

The module began by introducing teachers to a reflection:
does involvement in ER activities shown by children auto-
matically imply the development of a learning environment?
If a child is engaged in ER activities, and is enthusiastic and
very absorbed in them, can we assume that he is learning?

The module did not give answers to such questions, but
rather encouraged open reflection about them. To stimu-
late such reflection, a list of possible educational goals and
pedagogical implications involved in the ER activities was
proposed. In particular, five main application areas of ER
were individuated:

1. Technological (to utilise ER as a way to teach the princi-
ples of technology and robotics, such as programming);

2. Disciplinary (to use ER to consolidate school subjects,
such as geometry);

3. Cognitive (to utilise ER to empower children’s abilities
to, for example, solve problems and plan strategies);

4. Metacognitive (to use ER as a method to improve chil-
dren’s ability to reflect about what they learn and as a tool
to spread the scientific approach);

5. Emotional and motivational (to use ER as a learning
environment lacking fear of mistakes and anxiety; moti-
vational and useful to improve self-esteem).
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After exploring each aspect, based on the presentation of the
theoretical aspects behind them (see Sect. 2.2), the module
focused on its second goal, asking teachers to reflect on the
importance of considering education as a science, based on
evidence. For this reason, Hattie’s indications for an effective
didactic (clearness of goals, challenging environment reduc-
tion of fear of mistake, use of feedback) [39] were discussed.

In line with such reflection, the last part of Module I was
dedicated to the explanation of how to develop a didactic
project utilising technology (particularly ER). To be able to
develop a didactic project means having the skills and the
instruments to evaluate activities conducted in classrooms,
and to eventually adjust actions on the basis of the results
gained. Such scheduling avoids the naive application of con-
structivism principles we cited in the preceding subsection.

To develop a didactic project, the ADDIE method was pro-
posed. The ADDIE model is a background that presents the
steps that instructional creators and training developers use
to build effective preparation [44]. It consists of five phases:

Analysis
Design
Development
Implementation
Evaluation

3.2 Modulell

This module is divided into an initial lesson part followed by
a laboratory-phase part. Module II showed different exam-
ples of practical applications (possible actions that can be
performed in classrooms with children) of the pedagogical
context through ER activities [39,42,43], applying the rec-
ommendations given during Module I. In other words, we
showed teachers some good practical use-cases, proposing
ER activities to students as a problem to solve, a challenge
task. A scientific approach to the activities was promoted:
teachers had to encourage students to identify the problem,
propose a hypothesis, experiment, analyse the results, share
opinions and finally generalise the conclusions, readjusting
Merrill’s framework [43].

The practical examples were specifically proposed for dis-
tinct age-ranges, as follows:

e Kindergarten and Primary school (I and II class);

e Primary school (III, IV and V class);

e All the classes of Lower Secondary school and Upper
Secondary school.

Such age-ranges reflect different students’ backgrounds and
goals.

The following commercial robotic kits were chosen for
the practical example based on the age-range considered:

@ Springer

Bee-bot (TTS Group) for Kindergarten and Primary school
(I'and II class); Pro-bot (TTS Group) for Primary school (I,
IV and V class) and Lower Secondary school (I class); and
Lego Mindstorm (LEGO) for Lower Secondary school and
Upper Secondary school.

The kits were chosen based on our experiences, their dif-
fusion on the local market and in schools, and their usability,
cost and versatility. It is worth noting that the core of the
course was focused on the pedagogical approach to ER,
which is not strictly linked to any specific robotic platform.
Our key point consists of shifting the focus from technology
to learning principles [2]. That is to say, our course did not
aim to propose the best practise with the utilisation of spe-
cific kits, but rather to enable the teachers to individuate the
best practise with every different kind of robot they would
likely utilise.

Bee-bot is a bee-shaped robot (TTS Group) capable of
storing a series of commands (up to 40). The programming
of the robot is conducted through buttons placed on the
back of the Bee-bot: buttons with directional arrows allow
the robot to move 15 cm forward or backward, and rotate
right or left (90° rotation) in the space; a ‘Go’-green button
allows the robot to start moving; a ‘Cancel’ button erases
the memory of the robot and a ‘Pause’ button is used to tem-
porarily stop the robot (http://www.tts-group.co.uk/bee-bot-
rechargeable-floor-robot/1001794.html).

Pro-bot (TTS Group) is a race-car shaped robot, pro-
grammable via buttons on the board and sensors for touch,
light and sound. Pro-bot can be programmed to allow move-
ment of variable distances and rotation of variable angles
(http://www.tts-group.co.uk/pro-bot-rechargeable-floor-rob
ot/1009825.html).

Finally, Lego Mindstorm (LEGO) is a kit containing
robotic components that are Lego compatible. Regarding the
hardware, the kit contains different kinds of sensors (con-
tact, colour/light, ultrasound) and two actuators. A final brick
is the control unit that completes the kit. The robot can be
assembled in various ways and programmed due to a purpo-
sive software (http://www.lego.com/en-gb/mindstorms).

In our practical example, we adapted the ADDIE model
so that different steps were individuated in the development
of each activity (for a simplification of a possible example,
see Table 1):

e Identification of addressee;

e Identification of possible goals (skills that an ER activ-
ity can stimulate) achievable with the help of ER. These
goals may refer to each of the five areas identified in
Module I (but not necessarily for all of them);

e Identification of resources needed (time, materials and
class organisation necessary for the activities);

e Design of different ER activities;
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Table 1 Example of a possible
ER activity following the

Title Geometry and forms

Edu.Ro.Co. method Age of addressee

Lower secondary school

to acquire appropriate terms of robotics,

to observe a reverse engineer approach,

to acquire principle basis of programming;

principles of geometry- the solid

to stimulate problem solving,

to analyse movements in the space,

to utilise symbolic systems (coding)

Goals Technological area:
Educational area:
Cognitive area:
Resources

Time: 2 h

Material: pro-bot, pencils, goniometers

Class organisation: students have to work in small groups, in order to let them expertise
as much as possible and in order to promote a collaborative climate. All the children
have to program the robot by respecting turns of work

Activity’s phases

Phase 1. Problems and goals: how to make Pro-bot design a square?

Phase 2. Personal recognition of students

Phase 3. Modelling (teacher tutoring)

Phase 4. Planning of the solution by students

Phase 5. Implementation of the solutions

Phase 6. Reflection about the work done

Phase 7. Sharing of the results in the classrooms

Evaluation

Questionnaires about:

Technological area:

To acquire appropriate terms of robotics: questions about significance of the term sensor,

motor, etc

To acquire principle basis of programming: did the child design a square with Pro-bot?

Educational area:

Principles of geometry- the solid: did the child know how a square is build?

Cognitive area:

Did the child design a square with Pro-bot? How did he do?

e Design of the evaluation methods for each goal, in order
to test the efficacy of the activities proposed.

After the initial lesson, different laboratories concerning
ER were undertaken. In such laboratories, teachers had the
opportunity to attempt to utilise the robot and become famil-
iar with its utilisation and preparation. The Edu.Ro.Co team
showed teachers the basics for the construction and program-
ming of the three robotic kits cited.

3.3 Modulel lll

Module IIT was conducted online. A Moodle platform was
created for this e-learning phase (http://www.roboticaeducati
vatoscana.net/retemoodle). The platform offered download
and upload possibilities, used for different goals. First, the

platform was used to share contents, research materials and
information about ER (videos, power-point presentations,
documents, images), with specific web-pages for each mod-
ule. The platform was also used to obtain feedback about
teachers’ experiences with robots. In addition, the e-learning
platform was used to test teachers’ attitudes toward ER dur-
ing the course, through apposite questionnaires described in
Sect. 4.2.

Finally, the Moodle platform was used to share a tem-
plate for the realisation of an ER project during school time.
The template was developed by Calvani and Menichetti [45]
building upon the ADDIE framework, and its structure high-
lighted the main elements to be considered during the design
of an effective didactic project, including the use of new
technologies. The template was quite complex, but can be
summarised based on its principal points: identification of
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the project’s title and of the beneficiaries; description of the
background and rationale; recognition of the objectives and
evaluation methods; project’s implementation; characterisa-
tion of resources needed and creation of a timeline; and
description of the robotic kit to utilise. Each teacher filled
in the form, and each project was revised and evaluated by
the tutors. The intent of Module III was to enable teachers
to develop an ER didactic project after being trained in its
theoretical (Module I) and practical (Module II) aspects. In
order to leave the teachers a product of quality, every project
was read and discussed by the team at Edu.Ro.Co., and the
feedback given to teachers allowed them to reflect on ways
to improve their work.

3.4 Module IV

Module IV was dedicated to teachers’ feedback. Specifically,
a discussion concerning the main difficulties met by teachers
in the development of the didactic project utilising ER was
performed. In the second part of the module, a number of
teachers, based on a ranking made by the Edu.Ro.Co. team,
were invited to present their projects to the other partici-
pants and, eventually, share their experiences in class, if the
project was implemented. A round table for sharing experi-
ences and disseminating course results was organised. This
meeting was purposed to discuss various good examples of
ER application in class, with the distinct robots applied to
different age ranges of children. We believe that this bottom
up procedure was essential for the definition of the protocol
in which ER must be applied.

4 Impact of Edu.Ro.Co.

In this section, we describe the materials and methods used
to assess the impact of the Edu.Ro.Co. training course and
the results of the experience.

4.1 Participants

From the initial sample of teachers registered for the course,
254 teachers (71.7% female and 28.3% male) completed the
entire ER training course and thus represent the final sample
for the following analysis. Table 2 shows details concerning
participants.

The age range of the teachers involved in the course was
29-65 years old (average 49 years old), distributed as follows:
2.4% aged 26-35 years, 31% aged 3645 years, 43% aged
46-55 years and 22.4% aged 5665 years. Three subjects did
not report their age.

The participants’ teaching experience varied between 1
and 40 years, with an average of 19 years. The teachers rep-
resented all educational levels in the Italian school system

@ Springer

Table 2 Participants details

Sex Age

No answer 3 1.1%
M 72 28.3% 26-35 6 2.4%
F 182 71.7% 3645 79 31.1%

46-55 109 42.9%

56-65 57 22.4%
Total 254 100.0% Total 254 100.0%
School School experience
Kindergarten 15 59% 1-10 62 24.4%
Primary 103 40.6% 1120 80 31.5%
Lower secondary 78 30.7%  21-30 78 30.7%
Upper secondary 58 22.8%  31-40 34 13.4%
Total 254 100.0%  Total 254 100.0%

(see Table 3 for a brief description of the Italian educational
system): primary school (40.6%), lower secondary (30.7%),
upper secondary (22.8%) and a small part from kindergarten
(5.9%).

Overall, 24% of the study population had previous expe-
rience with ER in the classroom.

4.2 Evaluation Tools: Questionnaires

Participants in the training course were asked to complete
a pre-course questionnaires (TO) and a post-course ques-
tionnaires (T1) in order to evaluate the modification of their
attitude towards ER, as well as their perception of compe-
tences at stake in the utilisation of robots.

All the questionnaires were developed ad hoc for the
research purposes and were administered through the e-
learning platform Moodle.

Pre- and post-course questionnaires had similar structures,
consisting of several sections:

1. A personal details section, in order to describe the
profile of the participant (not fully included in the post-
course questionnaire).

2. A section on competences perception (see Table 4).
Teachers were asked to report on their perceptions of
competences in different areas (teaching skills, tech-
nical skills, pedagogical skills, planning skills) using
a 7-point Likert scale.

3. A survey on didactics and robotics. Part of the survey
is reported in Table 5. The survey investigated:

— Previous experience in ER, explored by multiple
choice questions (‘Have you ever utilised ER?
If yes, for how long? Which platforms did you
utilise?’). We also asked if teachers carried out
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Table 3 Brief description of the

. . The Italian educational system
Italian educational system

Education in Italy is regulated by the Minister of Education, University and Research with a
differentiation between public, private and equal (“paritarie”) schools. Italian educational system is
divided into (Dpr 89/2009):

— Pre-Primary education (Kindergarten). The age of pupils is from 3 to 5 years old and the cycle is not
compulsory

— I cycle includes Primary education and Lower Secondary school. Primary school consists in 5 years,
from 6 to 10 years old. The enrolment is universal. Lower Secondary school lasts 3 years, it is
mandatory and students have to pass a national final examination to obtain a Diploma

— II cycle includes Upper Secondary school. Upper Secondary school has a duration of 5 years and is
divided into different types:

1. Fine arts schools and institutes (Istituto d’arte, liceo artistico, liceo musicale e coreutico);

2. Vocational schools (Istituto professionale);

3. Technical schools (Istituto tecnico);

4. Academic Upper Secondary schools (Liceo classico, scientifico, linguistico, delle scienze umane)

The completion of such cycle is recommended but not compulsory. By the end of the 5-years cycle a
second Diploma is obtained

— Higher Education, including Universities, High artistic formation, Academic higher education. The
number of the years, the age of attendance and the criteria of entrance may variate

Table 4 Competences

perception section How much do you feel competent in the following skills (choose a valour from 1-not competent to 7-very

competent)

Pedagogical skills To be able of individuate critically results that can be achieved in the classroom with
the help of ER and set them with the scholastic goals

Planning skills To be able of realize an appropriate didactic project in terms of goals and evaluation
tools; To be able to realize a didactic project that can be shared

Technical skills To be familiar with basic principles about robotics

Teaching skills To be able to utilise and take advantage of ER in class, with respect to places,
materials, time...

ER activities during the training course periodin ~ (IBM SPSS Statistics, IBM Corporation, Armonk, NY) was

the post-course questionnaire. utilised for statistical analyses.

— Sectors in which the use of ER can be rele- Non-parametric comparisons (Wilcoxon test) were car-
vant. These sectors represent some pedagogical  ried out in order to verify the effect of the ER training course
potentialities of ER and are partly taken from  on teachers’ perceptions of competences (technical, teach-
Recommendation 2006/962/EC of the European  ing, pedagogical and planning skills), comparing responses
Parliament and of the Council of 18 December (7- point Likert scale) to the pre-course questionnaire (TO)
2006 on key competences for lifelong learning  and post-course questionnaire (T1). A one-tailed Wilcoxon
[21]. Answers were given on a 7-point Likert  test was used. The research hypothesis was that the median
scale. differences between pairs of observations was > 0. In other

words, the one-tail-choice reflected the research hypothesis

that there would be an improvement in the teachers’ compe-
tences.

Non-parametric comparisons (Wilcoxon test) were also
carried out to verify the changes in teachers’ attitudes
towards ER during the training course Edu.Ro.Co.. The pre-
course questionnaire (TO) and post-course questionnaire (T1)
responses were compared on a 7-point Likert scale concern-
ing sectors in which ER can be relevant.

A two-tailed Wilcoxon test was used, when the research
hypothesis was that the median differences between pairs

4. A section meant to measure the teachers’ awareness of
the strengths and weaknesses of ER, evaluated by mul-
tiple choice questions. More than one answer could be
given.

4.3 Statistical Analysis
In order to evaluate the teachers’ knowledge and attitudes

toward ER, a deep analysis of the questionnaires was per-
formed. Statistical Package for Social Sciences, version 22

@ Springer
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Fig.2 Results of Wilcoxon test analysis of perceptions of competences

Table 6 Perception of competences Wilcoxon test analysis

Ttem z p

Teaching skills —11.841 .000
Technical skills —12.349 .000
Pedagogical skills —11.533 .000
Planning skills —10.053 .000

of observations was different from 0. In other words, the
two-tail-choice reflected the research hypothesis of a bi-
directional change in the teachers’ opinions towards ER
relevance. This was a result of the open reflection encour-
aged during the course that describe new teachers’ opinions
about ER.

McNemar’s x 2 test was utilised in order to verify changes
in the teachers’ attitudes towards ER during the training
course Edu.Ro.Co.. The pre-course questionnaire (T0) and
post-course questionnaire (T1) responses to multiple-choice
questions about awareness of ER key strengths and weak-
nesses were compared. The results describe the new teachers’
opinions toward ER.

Significance level was p < .05 for all the analysis carried
out.
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Fig. 3 Results from Wilcoxon test analysis of sectors in which ER
can be relevant. Items: 1. Motivation improvement, 2. Self-efficacy,
3. Autonomy and responsibility, 4. Capacity to be interdisciplinary
and to individuate relationship, 5. Planning skills, 6. Metacognitive
skills, 7. Digital competence, 8. Mathematical competence and basic
competences in science and technology, 9. Scientific and technological
skills, 10. Social and civic competences, 11. Visual-spatial skills, 12.

4.4 Results
4.4.1 Perception of Competences

Wilcoxon test analysis revealed a significant difference
between TO and T1 concerning competence perceptions
(Teaching skills: Z = —11.841, p < .001; Technical skills:
Z = —12.349, p < .001; Pedagogical skills: Z = —11.533,
p < .001; Planning skills: Z = —10.053, p < .001; see
Fig. 2 and Table 6).

4.4.2 Sectors in Which ER Can be Relevant

Descriptive analysis showed that ER was considered rele-
vant in all the sectors that were proposed. The mean scores
obtained on the 7-points Likert scale varied from 4.57 for
the item ‘Epistemological awareness’ to 6.04 for the item
‘Motivation improvement’ in TO, and from 4.63 for the item
‘Communication in foreign languages’ to 6.05 for the item
‘Motivation improvement’ in T1.

Wilcoxon test analysis (Fig. 3 and Table 7) revealed a
significant decrease from TO to T1 in the following sectors:

Planning skills (Z = —2.246; p < .05)

— Digital competence (Z = —2.660; p < .01)

Scientific and technological skills (Z = —2.238; p <
.05)

— Communication in foreign languages (Z = —3.328;
p =.001)

— Sense of initiative and entrepreneurship (Z = —1.981;
p < .05)

Wilcoxon test analysis (Fig. 3) also revealed a significant
increase from TO to T1 in the following sectors:

B i N =70
- i Ml o

10 11 12 13 14 15 16 17 18 19 20 21 22
Item

Communication in the mother tongue, 13. Communication in foreign
languages, 14. Cultural awareness and expression, 15. Epistemological
awareness, 16. Self-esteem improvement, 17. Diffusion of the tech-
nological knowledge, 18. Team working, 19. Problem solving skills,
20. Critical representation of technology, 21. Sense of initiative and
entrepreneurship and 22. Creativity development
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Table7 Sectors in which ER can be relevant Wilcoxon test analysis

Item V4 P
Motivation improvement —.027 975
Self-efficacy —.270 176
Autonomy and responsibility —.633 512
Capacity to be interdisciplinary and to —1.758 .068
individuate relationship
Planning skills —2.246 .021%*
Metacognitive skills —3.250 .000%*
Digital competence —2.660 .005**
Mathematical competence and basic —.289 756
competences in science and technology
Scientific and technological skills —2.238 .019*
Social and civic competences —.354 720
Visual-spatial skills —1.497 123
Communication in the mother tongue —.399 .680
Communication in foreign languages —3.328 .000%*
Cultural awareness and expression —.054 957
Epistemological awareness —2.137 .026*
Self-esteem improvement —.162 .866
Diffusion of the technological knowledge —.333 729
Team working —.194 .840
Problem solving skills —1.260 .200
Critical representation of technology —-2.379 .013%*
Sense of initiative and entrepreneurship —1.981 .038%*
Creativity development —1.771 .065

*p <.05; % p <.01

— Metacognitive skills (Z = —3.250; p = .001)

— Epistemological awareness (Z = —2.137; p < .05)

— Critical representation of technology (Z = —2.379; p <
.05)

4.4.3 Awareness Concerning ER Key Strengths and
Weaknesses

Given the possibility to choose more than one item from the
given list of ER key advantage, each item was highly selected
(more than one hundred times by the population, both in TO
and in T1, with the only exception being ‘Improvement in the
students’ preparation for the work world’ and ‘Other’). Per-
centages calculated based on the total items selected spanned
from 2.67% for ‘Improvement in the students’ preparation for
the work world’ to 17.96% for ‘Improvement in the students’
team working capacities’ and 17.12% for ‘Improvement in
the students’ motivation’ in the pre-course questionnaire. In
contrast, percentages ranged from 1.96% for ‘Improvement
in the students’ preparation for the work world’ to 15.68%
for ‘Improvement in the students’ motivation’ and 15.34%

@ Springer

Table 8 Awareness concerning ER key strengths and weaknesses
McNemar test analysis

Item x? sig.

Improvement of student’s attention capacities 750 387

Improvement of student’s preparation for the 1.422 233
work’s world

Attraction of student’s attention .011 918

Improvement of student’s motivation 4.494  .033*

Improvement of student’s self-learning capacities ~ 2.344  .125

Improvement of student’s team working 21.013 .000%*
capacities

Student’s learn how to learn from mistakes 4.628  .031%*

It is possible to put in practise theoretical notions 414 520

The robots cost too much 21.094  .000%*

ER activities are too much time demanding 507 477

Learn to work with robot is difficult 12.121 .000%*

ER kits available in the market are not adequate .063

There is a lack of appropriate teaching methods 463 497
for ER

There is a lack of appropriate evaluation methods ~ 2.613  .105
for ER’s effectivity

Head teacher support is missing .000%*

*p < .05 % p <.01

for ‘Students learn how to learn from mistakes’ in the post-
course questionnaire (the item ‘Other’ was omitted from the
count because of its poor helpfulness). Disadvantages were
selected by a minor part of the study population, and no item
was selected more than hundred times in either TO or T1 (only
exception was ‘The robot costs too much’). Percentages cal-
culated based on the total items selected spanned from 1.36%
for ‘ER available on the market are not adequate’ to 41.41%
for ‘The robot costs too much’ in the pre-course question-
naire, and from 0% for ‘Head teacher support is missing’ and
‘ER available on the market are not adequate’ to 50% for ‘The
robot costs too much’ in the post-course questionnaire.

McNemar’s test analysis (see Table 8) revealed a sig-
nificant decrease in the number of teachers that identified
‘Improvement of students’ motivation’ (x> = 4.494; p <
.05) and ‘Improvement of students’ team working capaci-
ties’ (x2 = 21.013; p < .001) as ER strengths. Meanwhile,
there was a significant increase from TO to T1 in the number
of teachers that identified ‘Students learn how to learn from
mistakes’ (X2 = 4.628; p < .05) as an ER strength (Fig.4).

Moreover,a significant decrease from TO to T1 was found
in the number of teachers that individuated ‘Learning to work
with robot is difficult’ (x2 = 12.121; p < .001) and ‘Head
teacher’s support is missing’ (p < .001) as ER weaknesses.
In contrast, a significant increase was found in the number of
teachers that individuated “The robots cost too much’ (x2 =
21.094; p < .001) as ER disadvantage (Fig. 5).
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Finally, based on our survey concerning didactics and
robotics, we found that 156 teachers (61.4%) had carried out
an ER laboratory experience during the period of the training
course.

5 Discussion

The current article presents an approach to teaching Edu-
cational Robotics grounded on a pedagogical background
and based on a literature analysis about ER training courses.
Our approach to ER was used during the training course
Edu.Ro.Co., which took place in Italy from November 2015
to May 2016. We trained teachers in ER, stressing the ped-
agogical and the learning theories beyond the utilisation of
robots in educational settings, while encouraging teachers to
utilise a method in order to test the efficacy of activities with
robots, enhancing the trainees’ skills in the implementation
of didactic activities with technologies (Module I). We sup-
ported this enhancement with practical activities shown and
effectuated during Module II, where some possible applica-
tive examples and best-cases of ER activities were shown,
for different robotic kits and age ranges of children. More-
over, we then asked teachers to develop a didactic project
(explained during Module III) utilising robots, putting into
practise the content of the preceding lessons. Finally, feed-
back concerning the results of Module III were given and
shared (Module 1V), leaving to teachers (and other possi-
ble Moodle users) with many materials for possible future
application of ER activities in classrooms.

The novelty of our method consists of going beyond con-
structivism principles, making an effort to prevent a naive
utilisation of robots in the classroom, guiding teachers to
balance instructional guidance and autonomous work during
ER activities, stressing metacognitive skills and involving
not only robotics, but also other subjects (STEM areas). We
intended to integrate technological, pedagogical and psycho-
logical aspects to create a learning environment where the
robot becomes a ‘facilitator’ of the learning process. We aim
to move from a concentration on technology to one on learn-
ing principles [2], in order to leave teachers able to conduct
ER activities independently of the robotic kits they would
like to use (after, of course, having obtained a knowledge of
the new kit in question and having performed an adaptation
of our method). In fact, such an approach can be adapted to
pupils of different ages and to different robotics kits.

After presenting the Edu.Ro.Co. training course, in order
to share our method for future applications, the second aim
of our investigation was to evaluate the course with respect to
teachers’ preparation; the potential impact of ER on students’
key competences; and teachers’ awareness of the advantages
and disadvantages of ER.

We ascertained that the ER training course had a large par-
ticipation: 339 teachers from Tuscany, accounting for nearly
30% of the schools present in the region. To the best of
our knowledge, our course represents the highest number
of teachers ever involved in an ER training course, at least in
Italy. Eighty-five teachers did not complete the course, likely
due to its length. Moreover, the course had pre-established
data for each module that may have been incompatible with
other teachers’ personal commitments. In a future edition of
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the course, more care will be taken to collect information
from teachers who drop out of the course. The data can be
considered as evidence of teachers’ interests in ER, and of the
presence of a large demand for ER training. Moreover, 156
teachers (61.4%) carried out an ER laboratory experience
during the period of the training course, putting into practise
our teaching and demonstrating enthusiasm and trust in the
usability of ER.

The results of Edu.Ro.Co. questionnaires suggest three
main ideas:

1. The number of teachers that considered themselves pre-

pared for the utilisation of ER (teaching skills, technical
skills, pedagogical skills, planning skills) significantly
improved after the training course.
This data describes the large impact that an ER course
can have on teachers’ perceptions of their own compe-
tences. Classic theory concerning self-efficacy suggests
that the perception of competences is strictly correlated
with results in terms of performances, engagement and
persistence [46]. For this reason, we can speculate that an
improved self-perception of competences could lead to
efficacious ER activities in the classroom, bringing more
effective results in terms of students’ learning.

2. ER is considered relevant in many sectors. Our inter-
vention consisted of a discussion concerning possible
pedagogical implications for ER (including didactic
knowledge, digital competences, cognitive and metacog-
nitive processes, self-esteem and motivation) and a series
of demonstrations of how ER can be utilised. The results
of our questionnaires showed that all the sectors pro-
posed obtained a medium score ranging from 4.5 to 6 (7
was the maximum score), both in TO and T1. In partic-
ular, independent from changes between TO and T1, ER
was considered an important tool for the improvement
of students’ motivation, planning skills, team working,
problem solving and creativity development.

From an ER ‘based’ view (results in TO), a new one was
produced, leaving teachers more aware of ER. By the
end of the course, in fact, some modifications of teachers’
opinions about ER were observed; planning skills, digital
competence, scientific and technological skills, foreign
language expression and initiative spirit were sectors in
which teachers appeared to modify their opinions, giving
less importance at T1. This decreasing trend could be due
to an initial naive view of robotics, which then changed
with practise (i.e. the identification between robotics and
digital competence, or the belief that robotics can solve
some disciplinary problem, or teach a foreign language).
On the contrary, perception of the relevance of ER in
metacognition improvement, epistemological awareness
and the critical representation of technology increased.
Such results can be read as a first attempt to investigate

@ Springer

teachers’ view of ER in order to customise future direc-
tions in ER research, in terms of ER training course but
also commercial kits, scientific goals and ER diffusion in
schools.

Moreover, such results are in line with, but add further
information to, a previous study [34], where Swiss teach-
ers of the first, second and third cycles (corresponding
to children 4-15 years of age) perceived using robots
in teaching as benefits targeting the ‘reflective process’
(93%) and ‘collaboration’ (90%), together with other
transversal skills, such as ‘communication’, ‘learning
strategies’ and creative thinking’, obtaining an approval
of over 70%.

3. Educational Robotics is considered to have many advan-
tages. Based on our TO results, we can form an idea
of teachers’ attitudes towards ER. In particular, teach-
ers considered team working abilities and improvement
in motivation to be the principal strengths of ER. In con-
trast, the main weaknesses were considered to be the cost
of the robotic kit, often too expensive for the schools, and
the great amount of time required for ER activities. Such
findings are in agreement with previous results [34,47].
During Edu.Ro.Co., the views concerning ER strengths
and weaknesses partly changed. Teachers realised that
learning to use a robot can be a potential tool to improve
students’ abilities to learn from their own mistakes (learn
to learn, a meta-cognitive ability), whereas the potential
to motivate students and to teach them how to work in
a team was not considered to be a strong point, as pre-
viously thought. We believe that this last finding can be
explicated by considering the difficulties experienced by
teachers in carrying out team working activities. They
are often left alone during ER activities, and they may
have difficulty managing many groups of pupils working
in parallel with robots. Regarding the potential for ER
to motivate students, although we observed a decrease in
the number of teachers that selected this item from TO
to T1, motivation remained one of the most selected and
significant items, both as “Sectors in which ER can be
relevant” and both as advantage of ER.

In summary, we believe that such results may be an impor-
tant starting point for a new view of Educational Robotics,
grounded in pedagogical background, learning theories and
careful evaluation of the learning implications of activities.
Moreover, our work stresses the importance of teachers’
preparation and opinions toward ER in realising the effec-
tiveness of new ER. The results of the present study add
important information to the state of the art about teacher’s
attitude towards ER, not yet fully explored in the literature,
and fundamental to improve future ER training courses and
for the diffusion of ER in the school settings. As reported
by a previous study [34], the presence of robots in the class-
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room is strictly dependent on the ER training opportunities
of teachers and the presence of usable pedagogical materials
that will save teachers time.

As far as the limitations of our study are concerned, we
should first mention that the results of our study are related
to the specific robotic kits we decided to use in our training
course and therefore can perhaps not be generalised to other
robotic tools. Secondly, our population voluntarily attended
the Edu.Ro.Co. training course. The group was therefore a
well-motivated one and thus when evaluating our results,
this aspect should also be taken into account. Moreover, the
evaluation tools we used in our analysis were designed ad
hoc and were not standardised questionnaires. Finally, the
validity of the experience could be improved in the future by
adding a control group performing different approaches to
ER.

6 Conclusions

This paper presents a training course in Educational Robotics
conducted for teachers. Our results show: teachers are inter-
ested in the use of robotics in school education, and they can
be trained in ER in a short time and in an effective way. More-
over, the presented training course caused teachers to modify
their attitudes towards ER, questioning the pedagogical value
of robotics and the strengths and weaknesses of ER, and con-
vincing them to abandon a naive conception of ER, strictly
related to a simple constructivism principle utilisation.

We believe that this description of teachers’ opinions
about ER can represent a first attempt in the study of ER by
teachers. In particular, an enhancement in the quality of ER
utilisation is possible only by improving teachers’ realization
concerning the possibility to integrate robotics and educa-
tional goals. In other words, it is not sufficient to give children
anew technological tool in order to obtain an improvement in
the learning process. Particularly relevant in our approach is
the focus on metacognitive activities (epistemological aware-
ness): the ability ‘to set goals, to detect discrepancies between
goals and the current state of mastery, to continuously and
accurately monitor ongoing learning behaviour, as well as
to initiate regulatory processes to the benefit of task per-
formance’ [48]. During our course, we strongly indicated a
scientific approach applied to any activity with robots, read-
justing Merrill’s principles [43]. We encouraged teachers to
present the ER activities to children as a challenge activ-
ity, a problem to solve, where children are encouraged to
think before acting. We emphasised on reflection and free-
dom from fear of making mistakes as essential parts of the
scientific approach.

In conclusion, we believe that our local experience could
represent an interesting starting point in the design of effec-
tive training courses in ER for teachers. Measuring the impact

of such a course could give important insight into the rel-
evance of teacher preparation. Our methodology can be
reutilised in future trainings. This work could be integrated
into a larger network, involving not only Italian reality but
covering all of Europe. Synergies with different experiences
could be an effective effort in order to include ER laborato-
ries in schools’ curricula, with the attempt to improve STEM
abilities in children and in teachers, and to finally demon-
strate the effectiveness and efficacy of Educational Robotics

(2].
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