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1. Introduction

Promoted by a programme of action research at Officina Emilia of the Univer-
sity of Modena and Reggio Emilia, the robotics workshops comprised an exper-
iment run between 2005 to 2013 in the classes of primary and lower and upper
secondary schools in Modena, Reggio Emilia and Bologna, involving over 2,700
students and more than 200 teachers. The participants observed, constructed and
programmed LEGO® micro-robots, as examples of mechanisms and machines.
Numerous promotional events also involved a group of adults and, over a period
of time, various training events were realized for trainers and teachers.

The experimentation in the workshops took place in the context of action research
which involved a coordinated series of actions. A sub-set of these actions, made up
of hands-on workshops on machines, on production processes and on industrial
jobs, included the robotics workshops. The robots were constructed, programmed
and tested in order to promote knowledge of production techniques, the tech-
nology incorporated in the products, the expertise and competencies of employ-
ees in industry, as well as of the processes of innovation and technological change.

1. An Italian version of this paper has been published online by the review Mondo Digitale and
we would like to thank the Editor for authorising its publication in English. The authors thank
Donatella Poliandri (INVALSI) for her contribution with the initial setting up of the project to
evaluate the activities with the schools within the action research program of Officina Emilia.
They also wish to thank the organizers of the Convention “Giocare a pensare. Metodi e tecno-
logie per 'uso educativo ¢ didattico dei robot” (Playing at thinking. Methods and Technologies
for the Educational and Didactic Use of Robots), held at the University of Milan-Bicocca, May
20 2017, and the participants in the session presenting an initial processing of the evaluation
questionnaires of the robotics workshops of Officina Emilia. Our thanks also go to the two
anonymous referees for the comments on the original paper. Whereas preliminary results were
presented at the Convention, in this paper the results take into consideration all the question-
naires on the robotics workshops, since in recent months it has been possible to complete their
digitalisation.
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The entire research project was initiated and developed at the University of Mod-
ena e Reggio Emilia between 2000 and 2015. Following the end of the experi-
ment with schools, research focused on the documentation and evaluation of the
experience. Here a number of observations on the results of the robotics work-
shops are presented. The contribution is of a dual nature. On the one hand, an
original context is presented in which experiences of technological and computer
science education were realised with the use of a micro-robotic kit. On the other,
a threefold evaluation of the experience of these workshops is presented: (i) the ef-
fect on the overall didactic activity of the schools involved, (ii) the effect on the
knowledge, attitudes and abilities of the teachers involved, and lastly (iii) the ef-
fect on students’ levels of knowledge, on their motivation to expand their knowl-
edge and on the overall satisfaction of the workshop activities.

The paper is structured as follows. In section 2 the objectives of the Officina
Emilia research project are illustrated. Section 3 presents the theoretical under-
pinnings of the project. Section 4 describes the robotics workshops while section
5 focuses on the evaluation of these workshops. Section 6 presents concluding
remarks on the feasibility of the experiences of robotics education as a vehicle of
contextualised technological education, and puts forward observations about
ways of involving students, their teachers and schools. The aim is to simultane-
ously create significant learning experiences for new generations, in-service
teacher training experiences, and innovation in pedagogical practice.

2. Action research

Numerous elements highlight the fragility of the traditional forms of cognitive
mediation which for generations have introduced young people to an under-
standing of the social, economic and institutional context, as well as of the tech-
nological and professional context. Families do not seem to be able to transmit
the knowledge and interpretations necessary to understand the social context,
which is increasingly wide and complex. The same difficulties are to be found
in schools. A growing number of teachers obtain their qualifications in differ-
ent, and distant, geographical contexts from where they are teaching. The con-
tent of the courses they have studied, and above all the characteristics of their
social relations, do not seem wholly adequate for the delicate task of including
their students in the social, cultural and economic context (OECD, 2019).

In Italy, the educational experiences of young people up to the end of high
school, is characterised by the poor quality of knowledge and competency in
technological fields (i.e. reference to both production processes and products),
and in the computer science field. Moreover, the enhancement of technological
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education, with an explanation of the social and economic aspects connected to
the use of technologies and to the development of scientific knowledge, gener-
ally remains beyond the scope of education of young people (Hutchings et al,
2001; Chatel, 2010; Baskette, 2013). These elements influence the level of in-
terest in technical and scientific professions, highlighting also a big gender gap
in these fields.

The Officina Emilia action research with schools was directed, above all, at
teachers, in the form of support by means of educational actions which were in-
novative in method and content. All the teachers involved took part in the train-
ing course, observed systematically the experimental activities and contributed
to their validation.

From 2004 and onwards, didactic modules on robots and digital programming
(coding) were experimented with. The spread of numerous artefacts that incor-
porate programmable systems highlighted the need to possess scientific and
mathematical knowledge, as well as basic engineering knowledge, for an in-
formed use of many products in everyday use. Moreover, in areas with a marked
manufacturing vocation, particularly in the mechanical engineering sector, such
as for example Emilia-Romagna in Italy or the Rhine Basin in Germany, it must
be ensured that the young work force entering the job market have, at all levels
and for all jobs, much higher levels of knowledge and competency than has
proved necessary hitherto. Many of the possibilities for firms to continue to fos-
ter the processes of innovation and growth in a competitive global market, de-
pends, to a large degree, on this capacity of the educational system (Bellmann
and Hubler, 2014; Azevado, et al., 2012; Bosch and Charest, 2010; Barber,
2003; Grubb, 1996).

The actions realised in collaboration with schools, within the Officina Emilia ac-
tion research programme, allowed for the verification of, on the one hand, the
possibility of a change in pedagogical practices and, on the other, the effective-
ness of the means to foster knowledge of the technological, social and economic
context. The aim of this is to develop in students the ability to choose between
different pathways of study and work opportunities, as well as to develop their
social identity, right from their early years of school.

The closure of the Museum Workshop in 2013 - resulting from the need of the
University to reduce costs following national policies which imposed a reduction
in public expenditure (Russo and Mengoli, 2017) - coincided with the conclu-
sion of the central activities of the action research programme with schools. The
programme continued with documentation activities, in-depth study encounters
with other groups of researchers at national and international levels, and with the
processing of the data for the evaluation, writing and publication of papers about
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the research (Russo and Mengoli, 2013, 2014; Ghose et al., 2013, Russo, 2016).
Other lines of research connected with the Museum Workshop experience have
continued, above all with reference to the evolution of industrial structure
(Russo, 2015), the efficacy of education systems (Mengoli, et al., 2013) and the
experience of action research in the context of the politics of local development
(Russo and Mengoli, 2017).

3. Theoretical underpinnings

The Officina Emilia action research is to be seen within the context of construc-
tionist learning theories (Harel and Papert, 1991, Papert, 1993, Jonassen and
Rohrer-Murphy, 1999). The perspective is that of active and contextualised learn-
ing, promoted by educational institutions which, in turn, operate under the in-
fluence of the institutional, social and economic conditions of the geographical
area and country in which they are located. In setting up the action research the
theoretical contribution of Vygotskij (1962) was of prime importance, especially
for the interpretation of learning as a process of interaction between the individ-
ual and the environment, and of the social interaction and exchange between the
less competent and the more expert. Furthermore, the contribution of the works
of Dewey was fundamental (especially Dewey 1916, 1933) with regard to learn-
ing as an active social process in which manual experience constitutes a core fea-
ture that is integrated with reflective activities. A specific aspect of the action
research project design was reference to studies on situated learning (Lave and
Wenger, 1991), in the conviction that there is no acquisition of significant learn-
ing that does not take into account, in a decisive way, the context in which the
learning itself, and the learner, are situated in space and time. Situated learning
is also taken as the interpretative instrument of the factors that fuel motivation
to make the effort to achieve successful learning (De La Garanderie, 1996).

Within this theoretical framework, the empirical background of the Officina
Emilia robotics workshops is common to the experiences of hands on workshops
which were widespread during the eighties in the main museums of science and
technology, initiated by the pilot experience of the exploratorium of San Fran-
cisco?, which was inaugurated at the end of the sixties (Quin, 1996; Polishuk and
Verner, 2017). Through the disassembly and reassembly, also in a creative way,
of products and artefacts using tools and instruments, effective educational ac-
tion in the technological field was developed. In the Officina Emilia action re-
search programme, the workshops on machines and on industrial production,

2. See www.exploratorium.edu/about/our-story (14th September 2017).
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which included the robotics workshops, encouraged the exploration of artefacts,
machines and the environments in which they are used. A strong connection
can be seen with what, almost in the same years, was being realised in the zin-
kering workshops of the exploratorium of San Francisco®. As to the objectives
and content, the empirical basis of the Officina Emilia workshops, including
the robotics workshops, these can be found in the educational standards estab-
lished from its first edition in 2000, by the International Technology and Engi-
neering Educators Association (2007).

4. The robotics workshops

4.1 Objectives

Of the workshops on machines and industrial production of the Officina Emilia
action research programme, two robotics experimental workshops were hosted:
(i) “A robot that follows a line”, for students aged between 12 and 16 years and,
with slight modification, for students aged between 17 and 19 years; and (ii)
“Robot-Croco-Dile”, for girls and boys aged between 8 and 11 years.

The organisation of the workshops envisaged that a class, accompanied by one
or more teachers, would go to the Museum Workshop in the morning to do the
activities for four hours in the case of “A robot that follows a line” workshop
and for three hours in the case of the “Robot-Croco-Dile” workshop. The work-
shops were programmed as stimulus events as part of a structured educational
module of between a minimum of eight hours and a maximum of 20 hours.
The teachers who accompanied the classes managed the other didactic activities
connected with the workshop, using material and methodological indications
given by the research team.

In the “A robot that follows a line” workshop, the students constructed a robot
with LEGO? blocks, following instructions with no verbal indications. With only
a very general presentation of the software tool, and proceeding by trial and error,
the students wrote a program that allowed the robot to follow a black line on a
white background. They tested the robot and competed to verify the accuracy of
what they had done. A more complex version of the same workshop was hosted
for girls aged 15-19 years, within the international program “Roberta™.

3. See https://tinkering.exploratorium.edu/ (14th September 2017).

4. Roberta is a project set up in 2002 by the Fraunhofer TAIS (Institute for Intelligent Analysis
and Information Systems) in Bonn in response to the dearth of gitls enrolling in technical-sci-
entific courses. See http://roberta-home.de/en. (14th September 2017).

177



In the workshop called “Robot-Croco-Dile”, the children constructed an auto-
matic mechanism in the shape of an animal which could move and use a sensor
connected to a computer. The languages of the verbal and pictorial descriptions
were conjugated with the forms in the flowchart and with the codification of the
software WeDo".

All of the documentation about the Officina Emilia didactic workshops is avail-
able on line’.

The objectives of the robotics workshops, in terms of learning and development
of competencies, can be summarised synthetically as follows:

* The ability to identify problems, to choose between alternative solutions,
to test the solutions and verify the results;

* Knowledge of the meaning of specific terminology to describe a machine
and a robot, as well as knowledge of the principles of algorithms, their for-
malisation, and the basic instructions of any programming language (basic
coding);

* Discovery of the fields in which robots have changed work and the living
conditions of people, and of the geographical distribution and the char-
acteristics of the firms that design, produce and sell robots;

* Discovery of the technological and scientific competencies necessary for
the production, programming and testing of new robots.

The teaching of robotics as a discipline and as a set of specialised engineering
competencies is not among the objectives. The main aim is to have all students
acquire, irrespective of their school level and of the type of studies they have
chosen, a concrete and functional knowledge of the basic elements of the tech-
nologies incorporated in machines and products.

The robotics workshops also pursued objectives of learning and professional
training for the teachers involved with their classes. In summary, these objectives
concern:

* Knowledge of the basic elements of the structure of a machine and of a
robot and of the appropriate language to describe them;

* Knowledge of the principles of algorithms, of their formalization and of the
basic instructions of any programming language (basic coding);

5. The documentation was created using MOVIO, an gpen source web application for the real-
ization of virtual online exhibitions, developed by ICCU between 2012 and 2015. The MOVIO
project used the Officina Emilia workshops in the test phases of the application. See
www.officinaemiliaconlescuole.it/ (14th September 2017).
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*  Knowledge of the sources permitting the study of the social, economic and
institutional structure of an area, in connection with the technologies used
and the emerging organizational models;

*  The practice of hands-on didactic units, with the use of multimedia mate-
rials and collaborative work in small groups.

What is presented above is not so very different from the numerous educational
experiences that have been realised in museums, schools and fa6-labs with the use
of micro-robotics material. The action research programme, however, within
which the experimentation of the robotics workshops took place set itself the aim
of verifying the possibility of achieving two further important objectives: it is
precisely these that constitute the peculiar characteristic of the experiences that
are described.

In the first place, the robotics workshops were seen as an efficient means of en-
couraging an active knowledge of the technological, economic and social con-
text, with particular reference to the areas where manufacturing is widespread.
Secondly, the workshops, conducted rigorously under the strictures of action re-
search methodology and connected with the in-service training of the teachers,
aimed to foster in schools the diffusion of an innovative vertical curriculum
which would benefit from the stimulus events, but would also make connec-
tions with other curricula and extra-curricular didactic actions.

4.2 An evocative environment

The robotics workshops, as stimulus events of a more complex educational pro-
gramme, were experimented with, above all, in the Museum Workshop: an en-
vironment evoking mechanical processing, designed and realised as part of the
action research to make possible: the observation and manipulation of machines,
tools and products; bring about encounters with workers and business owners
in the manufacturing sector, and develop contacts and connections with local
firms. To all intents and purposes, it was a complex environment with space for
simulation of the industrial work of the small and medium firms in the indus-
trial districts of north east Italy. In support of the exhibition areas, the docu-
mentation Centre produced texts, films and original photographic material that
made it possible to benefit fully from the exhibits and installations, and from the
possibility of touching and manipulating everything that was exhibited®.

6.  http://www.officinaemiliaconlescuole.it./it/203/robot-cocco-drillo/show/48/186  and

heep://www.officinaemiliaconlescuole.it./it/203/un-robot-che-segue-una-linea/show/48/246
(29th December 2017).
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A simulation replicates an environment, a real system, the actions that are per-
formed within it, and can make it possible to observe the changes that have
come about in time, when there are artefacts available from different epochs. A
simulated environment allows learners to interact with reality, to verify the ef-
fects and changes brought about by their actions, with due regard for individ-
ual learning times, as well as to make mistakes without compromising a real
production process. A simulation makes use of technological support (hardware
and software) to increase the opportunity of understanding how the environ-
ment and its artefacts work. (Kurt, 2001; Koehler et al., 2005). In order to func-
tion, a simulated environment needs to be constructed and operated by making
reference to an informed model, both of the learning process to be activated,
and of the reality which is simulated. For this reason, the Museum Workshop
was designed in collaboration with numerous professionals and researchers of
different disciplines: engineers, physicists, materials chemists, industrial and
work economists, experts in industrial organization, learning psychologists, ed-
ucators and pedagogues, and communication experts.

Simulations are used in many different contexts, generally when there are rea-
sons that make it impossible for learners to have direct experience of the oper-
ational environment. This is the case, for example, when an operation has high
costs of materials, when the time required for a real experience is long, or when
there are ethical or legal constraints (Garris et al., 2002). In the case of Offic-
ina Emilia, the main limitation that justified the construction of a complex
simulated environment was the difficulty of giving all the students, or at least
a large part of them, access to the direct and meaningful observation of indus-
trial production environments. The small firms in the manufacturing districts
are characterised by limited space and a high level of specialisation so that it is
often impossible to understand the production process if only one firm is ob-
served.

Formative/educational simulations are intended to teach the fundamental ele-
ments of a system through observation of the results of actions or decisions,
thanks to a feedback process which in turn is generated by concrete simulations.
The research hypothesis was that the simulations of assembly, dis-assembly, soft-
ware programming and testing of the artefacts could help students and teachers
to understand technical events and concepts that are not only complex but also
cannot be fully observed in a business organisation of small dimensions.

The importance of the industrial environment for transmitting learning became
strikingly clear when some of the teachers who had taken part in the robotics
workshops in the Museum Workshop with their classes experimented with the
same workshops in their own schools, albeit with a version adapted to be re-
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alised in the school classroom’. Unanimously, the teachers noticed a drop in at-
tention and reduced motivation, particularly in the weaker students, and thus
reduced effectiveness of the experiences in the classrooms compared with those
carried out in the Museum Workshop.

4.3 Background and meaning of the workshop experiences

The robotics workshops are not only an opportunity to reflect on the parts a
robot is made of, the main structures of a machine, the basic tenets of software
programming, or on the difficulties that are encountered in getting the robots
to interact with their environment. Opportune moments for information trans-
mission and of educational dialogue can make explicit the connections between
what is simulated in a workshop and the external environment, where people live
and work and encounter the use of robots.

What makes the robotics workshops analysed here original lies not so much in
the central role of the educational action, which develops basic technological
competencies that are increasingly indispensable for everyone, but, rather, the
originality is to be found in the initial phases and the final phases of the work-
shop. These introduce elements of knowledge and interpretation of the charac-
teristics of the economic system under a technological, social and institutional
profile, as well as elements of the world of work and of professions / jobs. Right
from primary school, students can be introduced to this knowledge through
stimulating experiences such as the robotics workshops. Often the new genera-
tions do not have easy access to instruments that can help them understand the
world they live in and to reflect upon it. This is why the influence of certain
factors from the cultural and social context they come from often produces pre-
conceptions and scepticism. This weighs negatively on the choices made with ref-
erence to educational and professional courses, as well as on motivation to learn
especially with regard to science and mathematics.

During the robotics workshops, with video-installations, films of recorded in-
terviews and appropriate didactic action, the connections between what the stu-
dents constructed and the robots used in firms, hospitals and airports were made
explicit, with opportune adaptations taking age into account. Numerous exam-
ples were given to show how these machines interact with men and women who
work, and who have seen their conditions change precisely as a result of robots
being introduced. This didactic action constructs a background of meaning to

7. See: http://www.officinaemilia.unimore.it/site/home/oe-con-le-scuole/laboratori_online/un-
robot-che-va-scuola.html (14th September 2017).
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the experience of robotics and connects it not only with the school, but with a
much wider perspective of knowledge and skills necessary to live and work
(Zanelli, 1986).

During the robotics workshops, but more often in the didactic activities in the
classrooms, conducted by the teachers after the participation of classes in the
workshops, attention was focused on discovering the firms — not just ones in
Italy - that produce robots. In other cases, the ethical aspects of the spread of ro-
botics were studied further, with reference also to the substitution of work un-
dertaken by humans and the use of robots in situations of armed conflict, or in
the surgical field. One didactic unit was dedicated to literature and cinema in
order to analyse how robots have become part of cultural production.

5. Evaluation

The literature on the evaluation of educational experiences that use robots and
micro-robotics is very recent and generally reports good results, but it also sug-
gests doubts and points to the need for further research (Benitti Barreto Vavas-
sori. 2012; Bredenfelt, et al., 2010; Kandlhofer, M., and G. Steinbauer, 2014).
The evaluation of the robotics workshops comes under the more general evalu-
ation scheme of actions realised by schools within the Officina Emilia project.
Presented here are some of the results, referring to the robotics workshops held
between 2009 and 2013 and to the three dimensions considered:

1. The effect on the overall didactic activity of the schools involved;

2. The effect on the knowledge, attitudes and abilities of the teachers in-
volved, and lastly; and

3. The effect on the knowledge of the students, their motivation to continue,
and on their overall satisfaction with the workshop activities.

The collection of data for the evaluation of the workshops used four instru-
ments:

1. In-depth interviews with teachers;

2. A questionnaire for teachers when their class took part in a workshop; a
questionnaire about the degree of satisfaction of the students of the lower
and upper secondary schools; and

3. A questionnaire with yes/no questions, compiled before and after taking
part in a workshop, showed changes in the learning of students.

Table 1 records the main data, referring to the instruments used and their num-

ber.
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Table 1 - Instruments used for the collection of data for evaluation

Instruments used Number

In-depth interviews with teachers 30 of which 28 complete and usable®
Questionnaires of accompanying teachers 121 in digital format®

Satisfaction questionnaires of secondary

school students 497 in digital format'®
Questionnaires on learning of students 86"

Source: Authors processing of the evaluation instruments of the robotics workshops of Officina
Emilia

The evaluative exercise presented in this paper is based on the analysis of the
qualitative elements expressed by the participants regarding the changes in their
knowledge and actions after participating only in the robotics workshops. The
changes in the knowledge of students, the data-collection — at the beginning
and at the end of the workshop — permitted a quantitative evaluation of the
changes produced.

5.1 Effects on the functioning of school institutions

The participation of classes in the workshops was initially promoted by teach-
ers who, out of personal interest, took an interest in the action research project.
After that, the majority of classes of students took part in the workshops fol-
lowing decisions by the respective schools.

8. Of these, 18 are primary school teachers, 6 are lower secondary school teachers and 4 are
upper secondary school teachers. The interviews were conducted in the school years 2011-2012
and 2012-2013 at the Museum Workshop of Officina Emilia in Modena.

9. Of these, 63 are primary school teachers, 39 are lower secondary school teachers and 19 are upper
secondary school teachers. The questionnaires were compiled between 2009 and 2012 by teachers
mainly from schools in Modena and Reggio Emilia. The composition by gender is weighted in favor
of women (86%) and of mathematical and scientific subjects (35%), followed by humanities (31%),
by technical/technological education (18%), and by social sciences (4%). 12% of the accompany-
ing teachers were support teachers or educational assistants for disabled students.

10. 51% of the participants frequented lower secondary schools and 49% upper secondary
schools, almost equally divided among grammar, technical and vocational schools. Gender dis-
tribution was 53% males and 47% female students.

11. Data collection about learning involved four classes and a total of 86 students, of whom 42
were from lower secondary schools (12-13 years and 48% females) and 44 from upper second-
ary schools (17-18 years and 51% females).
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The schools involved were mainly from the province of Modena, and also from
the neighbouring provinces of Reggio Emilia, Bologna and Mantova. Altogether
the project involved 32 school institutions, of which 17 were primary schools,
6 lower secondary schools and 9 upper secondary schools'?.

The main effect of the activity on schools is measured by the number of school in-
stitutions that have integrated the Officina Emilia workshops into their general di-
dactic plans, considering them as significant “stimulus events” and making them
part of the educational opportunities available that are communicated to families.
Three primary schools, two lower secondary schools and one upper secondary
school made this choice, and they represent about 20% of the schools involved.

5.2 Effects of the activities on teachers

The robotics workshops made available to teachers the opportunity to further
their basic knowledge of technology, coding, and the economic and social struc-
ture of the local and regional context. Moreover, the methodology of a workshop
represented an example of an effective pedagogy that can be used in the teach-
ing of numerous courses. The large majority of teachers involved were able to ex-
plore the possibility of acquiring knowledge and skills useful in realising
meaningful teaching and learning pathways for their students.

In some cases, the teachers taking part in the workshops lacked enthusiasm and re-
fused to collaborate for numerous reasons, prevalently the kind of university edu-
cation they had experienced, an unwillingness to go beyond the boundaries of
their individual subject, and a conception of technological education as being
bound exclusively to vocational education. A humanities based university educa-
tion characterised the profile of the most critical teachers, though not totally or ex-
clusively. A university education in technological and scientific disciplines is not
sufficient to sustain the motivation of teachers with regard to the didactic inno-
vations proposed in the robotics workshops. In fact, the knowledge of robotics re-
quires not only the crossing of boundaries between disciplines, but also changes in
habits, and the overcoming of deep-rooted stereotypes. It is necessary to under-
stand the connections and relations existing between numerous disciplinary areas,
and that not all teachers, regardless of their initial education, appreciate this path-
way towards professional growth. Lastly, some teachers who teach engineering and
economic disciplines in technical and vocational upper secondary schools, who

12. In the years in which the workshop was most active, Comprehensive Institutes were not yet
widespread and therefore primary schools were still separate institutions from infant schools and
from lower secondary schools.
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are in the habit of promoting specific knowledge and skills that are directly appli-
cable in the workplace, had difficulty becoming involved in educational actions
aimed at anybody preparing themselves to enter the world of work or simply want-
ing to benefit from the potentialities of digital technology.

Table 2 summarises the changes that teachers referred to in the questionnaires
compiled after taking part in the workshops'.

Table 2 - Percentage of teachers who declare some effects of the workshop on their
didactical activity (N. 121), multiple choice answers

20% Before participation introduced the classes to the workshop activity, making explicit
the links with the content of curricular subjects.

34% The workshop activities are a stimulus event for the students and this aids the
introduction of curricular topics by the teachers.

28% The workshop activities stimulate the curiosity of the students and help to improve
attention towards curricular activities.

12% The workshop activities boost the capacities of students to orient themselves in their
choices post-lower secondary and post-diploma of upper secondary school.

83% Following the experience think they will do further work on the topics dealt with in
the workshop and/or will introduce associated topics.

Source: Authors processing of the questionnaires of the teachers participating in the robotics
workshops of Officina Emilia.

Only one teacher in five introduced the classes to the workshop activity making
explicit the links with the content of curricula disciplines. Although this per-
centage, starting with percentages close to zero, increased during the course of
the years of workshop activity, it never reached a high level. The majority of
teachers continued to delegate the task of introducing and rendering meaning-
ful the participation of students to laboratory operators. Little more than a third
of the teachers involved (34% in Table 2) think that the workshop functions as
a stimulus event and benefits their work when they have to introduce new top-
ics connected with technologies, mathematics, and coding with knowledge of the
economic structure of the local area. 28% of teachers (Table 2) think that par-
ticipation in the workshops stimulates students’ curiosity and helps improve
their attention towards curricula activities. 12% (Table 2) of teachers see par-

13. In the processing, the open answers given by the teachers are codified. Differences between
the answers of teachers of schools of different levels are not taken into account. A more detailed
picture will be available with the complete analysis referring to all the Officina Emilia work-
shops, which is currently in progress.
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ticipation in the workshops a helpful instrument to develop in students the ca-
pacity to choose between different pathways of study and different careers.

The action research set out to verify whether, and to what extent, new content
could be transmitted in everyday actions through involvement of teachers in
workshop activities with their students. This hypothesis has been confirmed, at
least in the short term, given that 83% of the teachers intend to do further work
on the topics dealt with in the workshop or to introduce topics connected to it.

5.3 Effect on the knowledge, motivation and attitudes of the students

The confirmation of the hypothesis that the robotics workshops develop an ap-
preciable body of knowledge and skills can be deduced from Table 3, which is
based on the processing of the in-depth interviews and on the answers to the
open questions of the questionnaire for teachers. The key words located in the
interviews and in the questionnaires have been catalogued in five categories: soft
skills, creativity, logic, knowledge of technology, work and firms.

Table 3 - Skills and knowledge developed by the students during the robotics workshops

Skills and knowledge  Specifications and characteristics

Skills

Soft skills Precision, collaboration, communication, orderliness, cleanliness
Creativity Construction of artifacts, choice between different shapes, use of space
Logic Classifications, flow diagrams, algorithms, computational thinking
Knowledge

Technology and work  Stages of manufacture, production technologies, software in machines
and in products, history of techniques, economic development

Work and firms Organisation of work, history of work, social development,
entrepreneurship

Source: Processing of the interviews with teachers participating in the robotics workshops of
Officina Emilia (N. 28) and of the answers to the open questions in the questionnaire for
teachers (N.121)

All the teachers interviewed recognised that the workshop activity students took
part in favours, in an almost generalised way, the practice of precision, orderli-
ness and collaboration, even in the less motivated students. Other skills and
knowledge are developed in a less decisive way. The persistence of the positive
effects on the students can be attributed to the possibility of reinforcing the be-
haviours, knowledge and skills gained during the workshops.
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As to learning, with particular reference to the development of knowledge (Table
4), despite the fact that the results of the tests administered to the participating
classes with a before-after strategy were flattering even for the less intellectually
able students, they are not statistically significant because they cannot be at-
tributed exclusively to the experience of the robotics workshops. In fact, the
data-collection questionnaire, which was a simple one with just a few yes/no
questions, did not highlight the other elements that determine those results,
such as: the social condition and previous school experience of the students, the
quality and quantity of parallel didactic interventions and the other extra-
scholastic experiences of the students. Although the quality of these results can-
not be relied upon, it is worth noting that participation in the workshops
develops (or consolidates) some basic knowledge, both in terms of the techni-
cal structure of a robot and the social and economic connections deriving from
the use of robots in the world of work and in everyday life. It is important to ob-
serve that, without being able to measure its statistical validity, differences by
gender or age (13-14 years and 17-18 years) in students were not evident.

Table 4 - Correct answers given by students about their knowledge before and after the
workshop (N. 86)

Questions about knowledge % correct answers
Before After
Does a robot always and inevitably have the form of a humanoid? 15% 80%
Does a robot need to be programmed? 31% 98%
Does a robot use one or more sensors? 12% 99%
Can a robot replace the work of one person or more? 55% 87%
Are robots used in hospitals? 8% 97%
Are robots produced in Italy? 5% 99%

Source: Processing of the tests about learning, for students of lower and upper secondary schools
participating in the robotics workshops

As for levels of attention and interest, reference can be made to the satisfaction
survey questionnaires compiled by students who took part in the workshops.

Although over 69%, of both female and male students, express a high level of in-
terest in the workshop (see Tables 5 and 6), the gender differences should not be un-
derestimated. There are in fact elements which confirm that gils show themselves
to be less willing to become involved in experiencing of technologies, due to the
stereotypes that surround them at school, in the family, and in society at large.

Initial interest and curiosity, before participation in the workshop was fairly high,
but a first gender difference emerges: 96.6% of the female students (Table 5),

187



compared with 92.9% of male students (Table 6), state that they are interested
and curious. There were more sceptics among the male than among the female
student, but whereas the male students who were sceptical or indifferent and al-
lowed themselves to become involved expressed a positive opinion about their
experience, a small minority (3.4%) of female students who were sceptical and in-
different at the beginning expressed a low degree of interest after taking part.

Table 5 - Answers of female students who participated in the robotics workshops about
expectations and degree of interest after participation (N. 88)

Female students After/Degree of interest

Before Low Medium High Total

| was curious and interested 1.1% 26.1% 69.3% 96.6%
usual things/I was indifferent 3.4% 0.0% 0.0% 3.4%
Total 4.5% 26.1% 69.3% 100.0%

Source: Processing of the satisfaction survey questionnaires of students participating in the

robotics workshops of Officina Emilia

Table 6 - Answers of male students who participated in the robotics workshops about
expectations and degree of interest after participation (N. 126)

Male students After/ Degree of interest

Before Low Medium High Total

| was curious and interested 0.0% 24.6% 68.3% 92.9%
usual things/ | was indifferent 2.4% 4.0% 0.8% 7.1%
Total 2.4% 28.6% 69.0% 100.0%

Source: Processing of the satisfaction survey questionnaires of students participating in the

robotics workshops of Officina Emilia

Table 7 - Answers of the students who participated in the robotics workshops about the
desire to do further study on the experience (N. 497)

Female students Male students Total
| expect to do further study at school 43% 45% 44%
| expect to do further study individually 25% 25% 25%
| do not expect to do further study 22% 19% 20%
Other answers 1% 1% 1%
Did not answer 9% 10% 10%
Total 100% 100% 100%

Source: Processing of the satisfaction survey questionnaires of students participating in the
robotics workshops of Officina Emilia
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As many as 44% of participants expect to follow up the experience with further
study at school (Table 7), and a quarter expect to be able to do further study au-
tonomously. Only 20% of the participants (with a slightly higher percentage
among the female students) state that they have no interest in further study.

With these results, a greater gender differentiation might have been expected. In
fact, above all the gender segmentation between different types of high schools
might explain the different expectations about further study at school. It may be
that the male students in the industrial pathway of upper secondary schools can
reasonably expect, on the basis of the subjects in their curriculum, that there
will be opportunities for further study of topics of a technological nature (linked
to the industrial structure of the local area), but the girls who want to undertake
further study they have to rely more on personal or extra-scholastic resources.
This is because, more so than their male counterparts, they attend courses which
do not foresee the study of technological subjects.

From Table 8 a clearer element emerges in favour of the differentiation between
the two genders. The percentage of students who recognise that they have in-
creased their knowledge is distinctly higher among male students (73%) than
among female students (67%).

Table 8 - Percentage of female students and male students who declare that they have
acquired new knowledge following their participation in the workshop™

Female students Male students Total
N. 88 126 214
Increased my knowledge 67% 73% 71%
Did not increase my knowledge 33% 27% 29%

Source: Processing of the satisfaction survey questionnaires of students participating in the

robotics workshops of the Officina Emilia

The overall evaluation of the participation in the robotics workshop is excellent
both for males and for females: with most students — both male and female - giv-
ing an average grade of around 9 (out of 10) (see Table 9). It is worth pointing
out that the average evaluation of the whole population of participants does not
vary between males and females, but instead varies in relation to the individ-
ual’s perceived increase in knowledge. Students who have a positive opinion of

14. The question was not posed in the same way in all the questionnaires and therefore the pro-
cessing refers only to a part of the questionnaires.

189



the knowledge acquired in the workshop evaluate the activity of the workshop
relatively highly (9.4 out of 10 in Table 9) compared to students with do not
recognise an increase in knowledge (8.3 out of 10 in Table 9). This is the case
for both male and female students.

Table 9 - Average satisfaction grade (in tenths) and opinion about knowledge acquired
(N.214)

Female students Male students Total

Average grade assigned by those who state
“I did not increase my knowledge” 8.2 84 8.3

Average grade assigned by those who state
“l increased my knowledge” 9.3 94 9.4

Average grade assigned by all the
participants (N. 497) 9.0 9.0 9.0

Source: Processing of the satisfaction survey questionnaires of students participating in the

robotics workshops of Officina Emilia

6. Final considerations

The experience presented seems to show that didactic activities which envisage
concrete actions help the imagination and predispose positively towards learn-
ing of a technological nature. These results highlight a certain gender difference.
It is well-known in the literature that girls and female teenagers show greater
disinterest towards technologies and risk not being adequately supported even
by teachers, who in turn are mostly women, thus fostering hesitations and
doubts about the need to have technological competencies (Ajello, 2002).

The experience of Officina Emilia, with the robotics workshops, allowed for the
investigation into the possibility of opening a new educational space allowing
young people to make better connections between what they do at school and
the experience of adults in the workplace, while also acquiring a better under-
standing of technologies. The evaluation of the robotics workshops makes it
possible to say that the positive results observed can be attributed not only to the
didactic use of micro-robotics materials, but to a combination of at least three
elements that characterised the workshops. The experience of robotics education
benefited from the construction of experiences - individual and small group ones
- of a hands on nature, which reinforce inductive practices, the capacity for crit-
ical observation, the construction of feedback and the relational capacity to work
together. Secondly, the activities which make explicit the relations between the
learning outcomes and knowledge of the technological, economic and social

190



characteristics of the local area in which the student s live, created a meaningful
context which stimulated attention and interest. Lastly, the effectiveness of the
robotics workshops derives from the environment in which they were realised:
the Museum Workshop evoking mechanical engineering and industrial pro-
duction. The possibility of experiencing first-hand the machines, materials, semi-
finished products and products, together with the multimedia information about
workplaces sustained interest in technologies, human work and its organisation.
Especially for the older students, participation in the robotics workshops opened
the door to the desire to undertake further study.

The action research programme of Officina Emilia with schools, in particular with
the robotics workshops, provided a contribution which was appreciated by teach-
ers in three main spheres. The first has to do with the creation of appropriate in-
struments to draw the attention and interest of the younger generations towards
mathematics, sciences, technologies and engineering — which are all important
fields of study - and of experience for the future of work, as well as for the in-
formed participation in collective choices. The second sphere is the support of in-
novation in the didactic programmes the teachers realise in school working towards
the construction of a curriculum which puts at its centre, as a special object to be
understood, the social and economic characteristics of the context, and thus the
technologies, the kinds of work and the organisational typologies of firms. The
third sphere is that of the knowledge triangle' and, in particular, the programme
of action research that contributed to defining and validating the means of con-
structing effective and fruitful connections between the didactic programming of
schools and the functioning of institutions, firms and organisations in society.
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