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Abstract

In a society that has to reconcile two areas which are conceptually very distant from each other, such as interdisciplinarity
and specialization, the education for young people is essential to form a thought to understand complexity, thanks also to
the stimuli deriving from increasingly powerful and interconnected technological and IT environments. So, it is essential to
identify teaching—learning processes and methods that allow students to understand and act adequately with a constantly
evolving reality. Transdisciplinary themes can be introduced to enrich the students’ curriculum by anchoring them strongly
to the wealth of emerging technologies, using their potential and designing educational activities focused on technology
and attractive to the various spheres of knowledge. In this paper is presented an experimental activity of designing Smart
objects in the Internet of Things conducted with students of the “Mathematical High School” project.

Keywords Transdisciplinarity - Internet of things - Education - Technology - Mathematical language

1 Introduction

The world of school interfaces and cooperates, daily, with
the social and economic political dynamics that represent
the contemporary super-technological and fluid society, in
which complexity does not only bring wealth but also
problems. A society that should have its purpose the well-
being of the individuals who compose it, well-being
understood not only on the economic level, but above all in
the psychological context (Bauman 2000). Our complex
society stimulates the complexity of thought precisely from
the complexity of reality. Reasoning complex means being
planetary citizens, part of a large community. In such a
complex and dynamically changing society, it is essential
to educate young people to a thought capable of decoding
and interpreting the stimuli also thanks to the potential for
efficiency and interconnection of a technological and
information-technology (IT)  environment  (Morin
1999, 2014). So, it must always be at the forefront to
identify teaching—learning processes and methods that
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allow students to understand and act adequately with a
constantly evolving reality. Therefore, the school is no
longer that institution of a few decades ago that could re-
propose paths and themes developed and well-articulated,
but always repeated because they are were always valid
and invariant, currently it must know how to train young
people to change and choose in a world that increasingly
accelerated in the direction of technological development
(Chweya et al. 2019). Educational processes can benefit
from new technologies both for the enrichment of the
equipment, that teachers can use because, thanks to the
Cloud paradigms, institutes are no longer required to
continually renew their IT assets, as they can take advan-
tage of products, memories, shared spaces also reducing
management costs and because, thanks to the introduction
of new technological contexts, transdisciplinary themes can
be addressed in the class which enrich the students’ cur-
riculum by anchoring it strongly to the wealth of emerging
technologies and their potential (Nicolescu 2002; Kuyoro
et al. 2015). If on the one hand the technological offer has
enriched the possibilities of innovative didactic paths also
thanks to e-learning distance courses, virtual learning, open
learning (Glicoric et al. 2015; Bottino 2015), that link
physical and virtual spaces (Moreira et al. 2017) and thanks
to the sharing of resources, it offers more democratic
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education (Johnson et al. 2015; Selinger et al. 2013;
Wellings and Levine 2009). On the other hand it requires
impulses of experimentation in learning and teaching by
teachers (Bagheri and Haghighi Movahed 2016; Bottino
et al. 2009) who must therefore be trained to use tech-
nologies not only as a means of expanding their skills and
areas of discussion but also as an object of the didactic
activities to be developed in technological orientation with
the “millennial” students, the so-called digital natives.
Designing educational activities focused on technology but
attractive to the various spheres of knowledge means
approaching the way young people interface with reality, it
means creating a school open to innovation that meets the
needs of future generations. When ethical and sustain-
ability issues of the planet are introduced into the courses,
then students understand how technology can facilitate and
implement virtuous processes (Delors 1996).

The teaching activity described in this paper is tailored
to respond perfectly to a transdisciplinary teaching model
that has a solid theoretical framework, enriched by the
potential of new technologies and it is one of the many
paths proposed in the activities of the Project “Mathe-
matical High School” of the Department of Mathematics of
the University of Salerno. In this project, mathematics is
the centre of an articulated didactic action and acts as a link
between the different disciplinary areas with a view to an
innovative and fruitful dialogue between scientific and
humanistic cultures (Capone et al. 2017). In particular, this
paper will deal with the issue of pollution and environ-
mental protection thanks to Smart Ideas for a Smart World.
In the second section the legislative contextualization will
be sketched, in the third section the background of the
Internet of Things with brief historical references will be
presented. The articles published on the Internet of Things
will be reported in the fourth section, in the fifth section
Internet of Things will be presented as a new educational
tool for students and in the sixth section the experimenta-
tion of an Internet of Things Project, conducted with stu-
dents of upper secondary schools participating in the
Project “Mathematical High School” will be described. In
the seventh and eighth section, results and conclusions will
be presented.

2 Contextualization

The Italian Ministry of Education in 2002 launches the
ForTic, the “National teacher training plan on information
and communication technologies” which involves around
180,000 teachers. It is the first ministerial action aimed at a
conscious and effective use of technology. With the aim of
promoting organizational and educational models, in 2006
the European Parliament defines “digital literacy”
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(Recommendation of The European Parliament and of The
Council 2006) as a key competence for lifelong learning
and the European Commission in 2009 activates a plan for
Europe about Internet of Things (Commission 2009). In
2007 the National Digital School Plan (PNSD) is presented
and activated in schools. In 2015, the last PNSD intervenes
incisively in the role of teachers, learning spaces and
teaching.

Furthermore, the specific objectives of science learning
listed in the Scientific High School Guidelines emphasize
how “.... In addition, it will be possible to carry out in-
depth studies on (....) Themes chosen for example among
those related to ecology, energy resources, renewable
sources, to the conditions of equilibrium of environmental
systems (biogeochemical cycles), to new materials (....).
These approaches will be carried out, whenever possible, in
conjunction with the courses in physics, mathematics,
history and philosophy. The connection with the physics
course, in particular, will favour the acquisition by the
student of complementary languages and tools that will
allow him to deal with more complex and interdisciplinary
problems with greater familiarity”.

Moreover, in mathematics, the Guidelines state: “The
computer tools available today offer suitable contexts for
representing and manipulating mathematical objects.
Mathematics teaching offers numerous opportunities to
become familiar with these tools and to understand their
methodological value. The path, when this proves to be
appropriate, will favour the use of these tools, also in view
of their use for data processing in other scientific
disciplines .

As can be seen from the PNSD, the instrument with
which the Ministry of Education implements a strategic
part of the reform of the good school Law 107 of 2015 the
educational challenge that the school is facing is related to
building a critical thought to familiarization with infor-
mation technologies through the enhancement of logical
and computational thinking. As recommended by the
Organization for Economic Co-operation and Development
(OECD), students must transform themselves from con-
sumers, that is simple users of digital environments and
tools, to critical consumers and producers, that is creators
and designers of digital contents and architectures. Thanks
to technology, an awareness of one’s own time can be
developed that exploits the digital environment to over-
come the fragmentation and hyper-specialization of the
complexity paradigm and create connections between dif-
ferent areas of knowledge, scientific, technological,
humanistic and social knowledge through the computa-
tional logical critical thinking as a bridge between the two
cultures (Rogora and Tortoriello 2018). Therefore, the
mathematical language becomes a key and a simple and
rigorous model for reading the present time. Students must
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acquire critical thinking to develop transversal problem
solving skills, independent judgment, flexibility and inno-
vation in the search for solutions. In this context, digital
technologies intervene to support all dimensions of
transversal skills (cognitive, operational, relational,
metacognitive).

But they also fit vertically, as part of the literacy of our
time and fundamental skills for a full, active and informed
citizenship, as anticipated by the Recommendation of the
European Parliament and the Council of Europe and as
even better underlined by frameworks, such as twenty-first
Century Skills, promoted by the World Economic Forum.

If on the one hand the world of technology acts as a
vehicle for non-neutral and verifiable information and can
be a subsidy to teaching and individual disciplines, on the
other hand it is an actor and active agent of major global
changes both in the social economic and in educational and
ethical contexts so as to require the acquisition of skills in
”digital citizenship“ necessary to be able to read our time.

In the implementation lines of the PNSD there is a
strong push to deepen laboratory activities in digital
teaching project activities relating to secondary schools
(which already saw in the documents on the reorganization
of high schools and technical institutes of 2010 a clear
imprint on constructivist models that clearly exceed the
cognitivist ones) but also attention at all school levels since
all projects, aimed at deepening logical-computational
thinking, are encouraged with coding and design of digital
paths both in primary school than in first grade secondary
school. The document shows that at present there is no
univocally recognized library to which reference is made
and the need to produce applied didactic paths that can be
used extensively and easily re-modulated in the classroom
is underlined, a sort of portfolio that teachers can draw on.

If, therefore, on the one hand we have the Ministry of
Education which strongly urges the introduction of tech-
nology in the classroom and we see the institutions work-
ing in this direction, on the other hand we observe the
world of the Internet of Things which could enrich the
students’ curricula but which has so far not given effective
impulses in teaching. In fact, there are no models and
examples that stimulate and support the activities of the
teachers, even those who would like to introduce activities
and paths but lack the skills on technologies that implement
the Internet of Things or even in schools the funds and
tools to design are lacking.

In this perspective, numerous courses and activities have
been activated in schools related to the conscious and
effective use of technology, design and programming
through digital facts. In particular, robotics can become a
strategic development axis for smart specialization
policies.

3 Background

The Internet of Things (IoT) is a neologism introduced in
telecommunications to describe the extension of the
Internet to the world of objects and to concrete places. The
multinational joint-stock company Gartner Inc. that deals
with strategic consultancy, research and analysis in the
field of information technology has defined IoT as:

The network of physical objects that contains
embedded technology to communicate and sense or
interact with their internal states or the external
environment (Gartner 2017).

A primordial idea of the IoT date back to 1982, when
some researchers applied sensors to a drink machine of the
Carnegie Mellon University and through the network
connection managed to recognize its operational status.

Raji (1994) published a popular article in which he
talked about the possibility of integrating the network with
various household objects, such as household appliances,
or with machines of large industries (Mattern and Fol-
erkemeier 2010).

But the term “Internet of Things” was introduced firstly
in 1999 by Kevin Ashton, the co-founder and executive
director of Auto-ID Center, as the title of a presentation he
made at Procter & Gamble. With this new way of inter-
preting the Internet, Ashton intended to propose a new way
of use: things can acquire intelligence and be able to
communicate by accessing data and information from other
parts without any help from human (Ashton 2014).

To measure the extent of innovation in communication
by the Internet-of-things just think that since 2008, the
number of physical items connected to the Internet has
exceeded the number of people on Earth (Evans 2011).

The developments of RFID (radio-frequency identifica-
tion) technology allowed IoT to design and develop
“Smart” objects in order to facilitate the management of
objects by computers benefitting from developments in the
fields of electronics and wireless communication to enable
digital and communication capabilities in appliances in
quite every field of our everyday life... image capture and
management, technical systems, sensors, cars without the
driver, wearable devices, remote monitoring, company
systems, medical instruments and much more than this. In
fact, the use is extended to any real world object capable of
interacting on the network, therefore participating in the
creation of digitized, flexible and intelligent processes
interacting with cloud services capable of performing
sophisticated analysis processing on big data, machine
learning and Al

In the latest Worldwide Semi-annual Internet of Things
Spending Guide published in June 2019, IDC (International
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Data Corporation is the first global company specialized in
market research, consultancy services and event organiza-
tion in the ICT and digital innovation sectors) expects total
global spending on IoT projects to reach $ 1.2 trillion in
2022, with an average annual growth of 13.6% over the
next five years. The study reveals that the biggest push to
purchase IoT solutions is coming from investments in the
manufacturing and transport sectors and many develop-
ments also concern security and healthcare solutions.

Looking more specifically at Italy, according to recent
data from the Internet of Things Observatory of the School
of Management of the Milan Polytechnic (founded in 2011
to respond to the growing interest of public and private
companies in the potential offered by the new IoT para-
digm) the turnover generated by IoT solutions in Italy in
2018 was 5 billion euros, a number which represents a 35%
increase over the previous year.

IoT is destined to change the way we act at work and in
daily life because it allows even people who live in remote
contexts with limited resources to be able to participate
instructor the advantages of a global network also for the
management of documents and resources hardly available
(Singh and Vardhan 2019). Over the last few years there
has been a pressing increase in intelligent objects so as to
induce international organizations to work to design com-
munications networks necessary to make the IoT safer and
prevent possible problems and this new paradigm and its
development can lead to data transmission (Tewari and
Gupta 2020). This led the research to investigate the pro-
tocols of the various data transmission and communication
models and evaluate their effectiveness (Al-Qerem et al.
2020). Another aspect that involves the scientific world is
the efficient management of an increasingly significant
amount of data which therefore requires effective storage
of the data to be archived thanks to their compression
(Hossain et al. 2019) without neglecting the ethical aspect,
i.e. the design for the reduction in energy consumption
during from transmission and processing of Big data.

4 Literature review

Analysing the articles published on the applications of the
Internet-of-things to teaching, there are many documents
that propose the implementation of school and university
spaces and their enrichment, thanks to the IoT with the
design of workspaces and interconnected virtual environ-
ments, see Ray (2018), Samaniego and Deters (2017), Raji
(1994), and Ahmad et al. (2016).

There are numerous articles that identify IoT as an
efficient and effective tool to improve the physical and
mental well-being of users thanks to wearable technology
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as Sena et al. (2016), Sapargaliyev (2014), Bayani et al.
(2017) and Ashwin et al. (2015).

There are articles that exploit the potential of IoT to
carry out analyses on students’ study behaviour, research
methodologies, habits as Tuncay Saritaf (2015), Pedersen
(2013), Chweya et al. (2019), Mershad and Wakim (2018),
Banica et al. (2017), Bagheri and Haghighi Movahed
(2016), Adorni et al. (2012), and Bottino (2015).

As an example, the visual persistence time is monitored
in the various points of the page when reading a document
to also deepen the learning dynamics based on more or less
prolonged pauses on a formula or image or phrase.

There are also articles as Anohah (2017), Fragou and
Mavroudi (2020) with a systematic review of research
publications, where the various papers of the last years are
classified by topics.

There is no evidence, however, or at least the in-depth
research conducted on the available documents has not
brought them to light, on didactic research projects that
study how to plan activities of Smart objects designed by
students. In other words, there is no research in which the
IoT is at the same time subject and object of implemen-
tation by the students themselves: object because the
design benefits from [oT technology, subject because the
students, starting from their own personal experiences and
the needs of the companies that they have perceived and
made their own, develop and prototype a smart object for
man and the planet.

5 Internet of things—a new educational
resource for students

The IoT is a very wide technological environment that can
play a peculiar role in the teaching—learning processes by
enhancing the methodological-didactic approach to the
traditional contents of the curricula by implementing
computer skills which are the key to reading the evolu-
tionary processes of contemporary society. The Rabardel’s
theory of instrumentation in the distinction between arte-
fact and instrument (Rabardel 2002) is fundamental for
interpreting the Internet of Things role, in fact the artefact
is a not necessarily physical object that can be construed at
various degrees of awareness: if IoT is considered in the
“whole package” as a single artefact or if it is considered
as a set of artefacts each of them with its own specific
action (for example each type of software or Hardware
with which the IoT object has been designed and/or is used
to work).

In fact, the way in which the artefact is used is not
trivial. An IoT smart object can be a simple channel of
interaction as unknown medium commonly used in daily
life, and we know how many realities of the IoT we
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encounter in everyday life, even in an unconscious way.
Otherwise, 10T becomes a powerful instrument for a psy-
chological construction of transversal skills that transcend
curricular paths. In this use, it is much more than an arte-
fact and students acquire awareness of the efficiency and
effectiveness of the use of the tool. Rabardel distinguishes
the tool in relation with its use, when there is a significant
relationship between the artefact and the user for a specific
type of task he call it “instrument” and includes techniques
and mental schemes that the user must develop and apply
during the use of the artefact. IoT therefore arises to the
role of instrument in the interaction process that the student
establishes in cognitive activity with and through it.

The students’ process of transforming an artefact into an
instrument is called Instrumental Genesis and is a contin-
uous evolution that creates a bilateral relationship between
the artefact and the student that leads to implement and
modify the instrument by shaping it to his own teaching
and formative needs (Hoyles and Noss 2003). In teachers’
teaching actions the IoT becomes for students an instru-
ment of knowledge and competence and expertise as well
as an artefact for developing the process.

From the point of view of the use of language to manage
knowledge and report results, Sfard points out how “The
claim about the role of discourse (communication) in dis-
seminating innovation seems self evident” (Sfard 2015).

Translating, perhaps with a slight forcing, Sfard’s
thought on the use of language in mathematics (Sfard
2012), it can be said that new technologies constitute a new
communicative language in the development of which two
conceptions follow one another, the one in which the
technological language is seen as a tool, in an operational
interpretation, and the conception in which the language
becomes a specific object of study of itself, in an analytical
interpretation.

Compared to what emerged in the short analysis, it can
be concluded that IoT, with its technology, its tools and its
languages, represents an unprecedented educational chal-
lenge that allows teachers to overcome traditional disci-
plinary frontiers.

6 loT project
6.1 Methodologies

The research activity has been developed with a con-
structionist approach, in fact the centrality of the devel-
opment of an IT idea and its coding in executable software
is the fundamental principle of constructionism (Harel and
Papert 1991; Kafai and Resnick 1996; Kafai 2006). The
new frontiers of technological and IT scenarios allow the
creation of constructivist learning environments (Chachil

et al. 2015), also thanks to the functionality of mobile
devices which are seen as artefacts capable of solving the
zone of proximal development (ZPD) of Vigotsky (1987).

Constructionism bases its foundations on construc-
tivism, a theory of developmental sciences which asserts
that knowledge is built by students through the active
experience and which identifies learning with the process
of building and adapting mental representations (Papert
1990, 1993,). Constructionism focuses explicitly on the
methods of development and realization of cognitive
artefacts that facilitate the development of specific learning
as the mind learns by handling materials and building
objects and devices. Artefacts can be both physical and
virtual and computerized ones, and supports students’ IT
processes, i.e. the conceptual understanding of the infor-
mation acquired through experience (Sheridan et al. 2014).

The artefact also plays the role of a representative object
of the evolution of thought, such that knowledge develops
further during the process.

In the field of scientific research, constructionist theory
has been applied to analyse the learning of mathematical,
physical and engineering concepts in the design project
through the resolution of specific problems (Kolodner et al.
2003; Mbogo et al. 2013; Pereira and Rodrigues 2013). The
various design phases, the structuring of an idea, the pro-
posal for solving a problem, the creation of a prototype, the
testing of the artefact the revision of the project, may
highlight some misconceptions or conceptual errors that
allow students to rework their knowledge adapting it in
order to achieve measurable results (Fortus et al. 2005;
Kolodner et al. 2003).

6.2 Overhead analysis of the proposed approach

In the contemporary reality that is evolving so rapidly and
that sees changes in the paradigms of research and work
thanks to the technological implementation that provides
new perspectives for sharing materials and results, it is
important that the school world provides students with keys
to choose their university studies knowingly and to
understand the world around them. It is an increasingly
complex and articulated reality that cannot simply be
described through the study of textbooks but must be
experienced in the ways and times suitable for high school
students through experimental investigative paths that
allow to understand, at least in a qualitative way, the
dynamics underlying the management of shared data, the
protection of them and the potential that technology offers
to future generations.

This study is a qualitative research centred on the use of
technologies, in particular of the IoT to improve the quality
of life of citizens with a great attention to the ecological
messages of environmental protection and the
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enhancement of the skills of mathematics, physics, science
and computer science for the design, construction and
programming in the prototype. In fact, for the completion
of the project, students had to deepen crosscutting issues,
such as the management of spreadsheets for data analysis,
the study of a programming language, pollution and envi-
ronmental protection, the study of electrical circuits for the
assembly of the prototype. For the teachers it was an
opportunity to highlight how theoretical concepts addres-
sed during the course of studies are the essential substrate
for the development of concrete projects. The influence of
technology can be observed in many aspects of the edu-
cational path from the involvement of the students in the
didactic activities from the creation of didactic moments on
non-curricular subjects starting from the students’ requests
(Soares and Martin 2014). Technology was a disruptive
push that led to rethinking the teaching—learning processes
(Ranieri and Pieri 2014).

From an educational and didactic point of view, the
experience of working in a group to build a floating pol-
lution detector allowed students to understand how
important cooperation is to transform ideas into concrete
projects and how powerful the Internet can be to provide
information that can be used by all. It is enough to know
how to look.

They also realized that to make the world better, the
world needs many small smart-ideas. This sensitivity must
come first of all from the school, which should teach to
students to believe that every small contribution of each
one can help the world to become better and more liveable
for future generations.

All the activities related to this project were carried out
with constant exchanges of ideas, advice and suggestions
among students, with professors and with families who
indirectly but actively lived the participation of their sons
in the project. It was possible to find out the effectiveness
of teaching activities both in the enthusiasm with which the
students worked in this project and in the scientific and
technical skills they acquired, which they also showed in
presenting their projects in various scientific conferences.

6.3 The project

The project that will be presented in this article is about an
activity carried out with 50 students of the Mancini
Mathematical High School in Avellino (Italy) in collabo-
ration with the research group of the Department of
Mathematics of the University of Salerno (Italy). It lasted
several months and involved the performance of a proto-
typing experiment of a sustainable idea for the environment
and reproducible with contained costs. The activity has
been developed from the definition of the objectives, to the
theoretical planning with software already known by the
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participants, to the verification of cost benefits and to the
sharing of the proposals.

It has been conducted as a problem-posing process,
strongly hoped for educational but little implemented in
curricular teaching. How are ”smart objects* made? How
is a prototype made? The IoT generation sets to work with
digital fabrication. The topics dealt with evidently have
prerequisites in the competences of the various disciplines
(sciences, physics, computer science, economy, mathe-
matics...) but have been then developed in a transdisci-
plinary vision.

Italian school law requires school and work alternation
activities that take place during non-school hours to create
a link between the world of school and the world of uni-
versities and companies, so the teachers, coordinated by the
researchers of the University, have structured a transdis-
ciplinary path for the students with laboratory methodology
in a learning-by-doing approach.

The intent aim of the laboratory project of the Mathe-
matical High Schools, that we present in this paper, is to
make students aware of the potential of technology in the
contemporary world through research firstly theoretical-
scientific and then technological, let them explore smart
ideas aimed at designing tools and objects to protect the
environment and, as far as possible, to build the prototypes
of the projects developed by groups of students. In the
activities, students dealt with the problem of pollution and
social ethics in solidarity from the various points of view
with the curricular teachers of the individual disciplines
that interpenetrated in the treatment of the themes, making
the schematic subdivision of the contents to which the
school current has accustomed us. Then extracurricular
meetings followed in which students were divided into
groups. After having defined the field of action of their
project, they searched the net for ideas similar to those they
wanted to develop and technical news related to the tech-
nology available to be able to produce them.

Many engaging and effective design ideas emerged from
the activities carried out and the students presented or will
present the result of their works at the final exams of the
course of study. Digital desks for a fully technological
classroom have been designed; waste containers have been
designed with optical readers capable of recognizing par-
ticular QR-codes to be installed on individual objects in
order to allow automatic differentiation; compensatory
tools have been designed for students with learning diffi-
culties due to dyslexia dysorthography or dyscalculia and
in particular a pen with sensors has been designed that with
particular functions helps students, an app with a platform
consisting of a series of facilitation activities for students,
such as the automatic reading of a written text but also a
chat and the sharing of problems and/or reflections for
students who have these difficulties. Automatic methods of
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reconnaissance of the chemical values in the land for cul-
tivation were also designed for optimizing crops both
outdoors and in the greenhouses.

Two groups of students then reached even more
advanced levels of work by building the prototype of their
project.

One group focused on a pollution problem that we are
often not led to think about as pollution in our homes. It has
therefore designed robotic arms to be inserted in the win-
dows with sensors that are able to recognize the presence of
polluting substances in the air by imagining the installation
for example in rooms with stoves or fireplaces and in
kitchens but also considering the pollution of closed places
due to radon. They have planned and designed the pro-
gramming through an app both for openings programmed
or activated at particular times to favour the exchange of
air inside the rooms in case of exceeding the threshold
values, and with a standardized timing according to the
reference temperatures selected by the user. The students
also built a miniature house by designing the robotic arms
connected to the windows with a microcontroller, also
thinking about the economic aspect, that is, building tools
with a modest cost (of a few tens of euros) for each robotic
arm and therefore easily reproducible.

The students of the other group designed a float equip-
ped with microcontroller and sensors to analyse waterways,
transmit data to databases and make them available on the
web and report the danger in progress to the competent
authorities. The original idea of the project was born from
the daily experience of the students and is dedicated to
their own territory: the pollution of water. Water is an
indispensable element for life and unfortunately the only
river that flows in the neighbouring areas of the school is
the river Sarno and it is in disastrous conditions of water
pollution. The students, in the days immediately preceding,
had faced in class some Latin texts which showed that
ancient poets and writers wrote in their writings and poems
that once it was navigable and full of fish but in the latest
published statistics it has emerged that it is the most pol-
luted river in Europe. Students also observed the infor-
mation made available by the press that highlighted the
causes of the pollution of the Sarno River. There are the
numerous chemical companies that for years have illegally
discharged and which continue to discharge industrial
waste residues into the river. In fact, cases of death from
leukemia and cancer above the national average have been
recorded according to the survey of the Department of
Medicine of the University of Salerno.

The students intend to report the spillage of harmful
substances into waterways. They have designed a float
composed by an immersed part equipped with sensors that
analyse in real time the concentration of chemical sub-
stances dissolved in water and verify their quantity to be

monitored. The sensors are chosen depending on local
information and geographical conditions, for example if
you know the industries in the vicinity or if you were aware
of waste deposits that could be polluting.

Then, the data collected is sent to a microcontroller and
they are transmitted to a database to check if they are in the
ranges of allowed values. If the concentration values of the
substances are up to standard, the Iluminous led lights
present on the float remain with a steady light on; instead
the led light flash if the values are not in the parameters. In
the last case, the device sends an alert signal to the com-
petent authorities for security alarm.

To avoid handling toxic chemicals in order to calibrate
the sensors, the professor of chemistry suggested to the
students to use only the Ph-sensor and the conductivity
sensor, because the work had to be continued even at home
without adequate security measures. However, these two
sensors are sufficient to verify that substances that alter the
chemical balance are dissolved in the water. The other
sensors then allow determining the chemical elements
present. To power all the electronic components, the actual
feasibility of using the photovoltaic panels mounted on the
top has been designed and verified. The possibility of
anchoring the float to the seabed was also considered to
prevent it from being dragged by the current.

A website and an app were designed with information
on the water pollution of the main pollutants, on the vir-
tuous behaviour that can reduce this pollution. A section
was also dedicated for the dissemination of news in data-
base format so that each citizen can have real-time infor-
mation updated by the sensors installed in the waterways.

Students also paid attention to the economic aspect of
the project, so that the construction was reasonable and
reproducible in other areas; they therefore considered the
specific cost of the individual components to be used, from
sensors to photovoltaic panels, and assessed the economic
impact on a large-scale production. Even more important to
consider, in a cost-benefit analysis, the high expenditure of
resources that must be foreseen for the reclamation of
polluted places very high risk for public health instead of a
modest economic investment for a device that acts as an
alarm bell and that signals the pollution of rivers in real
time, thus acting as a deterrent. It allows a considerable
saving for the community in a wider view of the problem.
The students also suggested a topological tessellation of the
mapping of the Sarno River, which was the source of
inspiration for their project, constituting a network of floats
to monitor the entire watercourse.

After developing the planning and laboratory phases, the
students have been involved in scientific dissemination
activities. The projects developed by the various working
groups have been presented in scientific conferences and
educational events at national and international level,
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where students presented the activities carried out to a
public of peers and of professors expert in the scientific
field. In particular, the two projects described in greater
detail in this paper have been presented at the National
Conference of Mathematics and Sciences that took place in
2019 at the Department of Mathematics of the University
of Salerno because they are an effective example of the
transposition of mathematical contents into scientific con-
texts and wider ethical spheres, where math is not the
subject of the activities but constitutes the necessary
instrument to interpret the data and build the programs for
the IoT tools, for the apps and the websites.

The National Conference of Mathematics and Sciences
organized by the Department of Mathematics of the
University of Salerno is an activity of scientific dissemi-
nation that is part of a large macro-project organized by the
Department of Mathematics of the University of Salerno
that foresees a rich series of national and international
conferences in which are drawn and shared bridges, relat-
ednesses and stimuli between mathematics and other dis-
ciplines (literature, history, philosophy, art, science...).
The aim of this activity is to broaden the connections
between the individual disciplines to observe the reality
that surrounds us with a ”universal eye“ and that sees in
mathematics the fulcrum of the various interpretative lan-
guages interconnections.

7 Results

The didactic activity carried out with the students of
designing and realizing the prototypes was constantly
monitored in order to report the didactic fallout that
unconventional in-depth courses may determine in the
students involved. The observation of learning styles,
operational practices and personal relationships were
summarized in reports that highlighted the high educational
impact of these courses. The responses of parents and
students to satisfaction and evaluation questionnaires of the
activities carried out were also monitored.

Students’ understanding of the problem of pollution, the
design and management of tables of values related to
chemical analyses carried out by the design and imple-
mentation of a Smart object in C language and the wise use
of effective algorithms to map topologically the spaces
involved in their project. The in-depth analysis of digital
technological environments and their possible uses to
protect the environment have shown that placing students
with their needs and knowledge at the centre of the didactic
planning, allows to deepen the contents of the curricular
programs in a trans-disciplinary key. Appropriately moti-
vated students are able to understand concretely the need of
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a systematic theoretical study in order to face a practical
realization.

In particular, it is appropriate to reiterate the empathic
and motivational aspect (Goleman 1995) that avant-garde
projects have for young people: they are passionate and
spend much more time studying and deepening the issues
that are necessary for the realization of the project than the
time they would devote to the same study of the contents in
a traditional didactic activity. In addition to this, the young
people confronted with high profile professional environ-
ments that knew how to stimulate them and enrich with
their experiences. The need to deal with working envi-
ronments for the design and construction of their prototype
and with the academic world in scientific dissemination
activities in didactical laboratories and conferences, enri-
ched students’ vocabulary by bringing them to work on the
exhibition fluidity of their communications and the formal
rigor of their written reports.

The highlighted improvement did not only concern the
use of the Italian language but also implemented the
knowledge in the micro-languages of the areas in which
they worked.

8 Summary and conclusions

Experimental technological research activities, such as
those illustrated in this paper, prove to be effective in terms
of didactic relapse thanks to the laboratory approach that
puts students at the centre of their learning processes. The
collaboration between schools, universities and the world
of research makes it possible to present young people with
technologically advanced innovative activities and projects
that help young people choose their university and working
future. On the other hand, it is evident that the structuring
of such complex laboratory projects requires an intense
planning effort in order to make a highly productive
teaching method become systematic. In the light of the
positive impact encountered in students after the experi-
mental activity, other laboratories have been planned and
are being developed which focus on the use of new tech-
nologies in teaching. In fact, on the one hand such didactic
activities require ex-ante rigorous and organized planning
and structuring of interventions, on the other hand they
produce great involvement by the actors and provide
intense stimuli for the construction of critical thinking (Piro
2015) in a complex society, such as the contemporary one,
giving information, notions and skills that help to analyse,
recognize and know how to choose in an advanced tech-
nological world.
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