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Abstract  
This work concerns a scientific research and dissemination initiative related on astroparticle physics. 
The educational learning path has been organised by INFN (National Institute of Nuclear Physics) 
during school-and-work alternating courses in collaboration with Universities, research institutes and 
high schools in Campania inside OCRA (Outreach Cosmic Ray Activities) program. The project idea 
originates from the great potential of information by the availability of data for outreach activities 
relating to the experiments on cosmic rays “The Pierre Auger Observatory”. Students used the 
experimental data to develop interdisciplinary paths using mathematical patterns and technological 
equipment and produced multimedia dissemination material. 
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1 INTRODUCTION  
In Italy, wide space is given to the introduction of new technologies in teaching activities in the reform 
of the school proclaimed in 2015. In particular, a systemic action plan called “National Digital School 
Plan” (PNSD) has been predisposed. Among the actions envisaged by the PNSD it emerges that 
“digital technologies set in supporting all transversal competences. But they also fit vertically, as part 
of present-day literacy and fundamental competences for a full, active and informed citizenship”, as 
anticipated by the Recommendation of the European Parliament and of the Council of Europe and as 
even better emphasized by framework like 21st Century Skills (Skills for the 21st century), promoted 
by the "World Economic Forum". In the guidelines of the school reform it is highlighted that "... the 
school has the duty to encourage youngers to understand digital technologies beyond the surface. Not 
just being digital consumers. Not to settle for using a website, an application, a video game, but design 
one ... ".  

This work describes how the action-research forms an alternative, effective, and motivating approach 
to the study of Physics with interdisciplinary activities (mathematics, physics, computer science, 
sciences, English, Italian), influences curricular actions and increases skill levels using and 
implementing digital technologies for enhancing the levels of competence of the students. 

2 METHODOLOGY 
We applied the PBL (Project Based Learning) teaching and learning model, approaching on a one-
year project in Blended Learning with the interaction of traditional teaching approaches coupled with 
the activities in research laboratories developed using the most modern technologies. Students were 
engaged by solving a real-world research. They worked as researchers alongside university 
professors and experienced INFN researchers and demonstrated their skills and their knowledge by 
developing a presentation for the final event and public products for the dissemination in various 
activities organized by INFN, the University and their school. Students strengthened critical thinking, 
problem solving, communication and creativity skills unlashing a contagious energy among students, 
teachers and researchers.  

Also the application of collaborative and inclusive teaching methods such as Peer Education (Damon, 
1984) experienced by students in cooperative scientific activities was the core of the project, in fact 
they did much more than remember information: they had to work as a team using thinking abilities of 
a higher order starting from the resolution of a problematic situation, based on comparison and 
collaboration between equals (Vygotsky, 1962). 
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3 RESULTS 
Students had significant advantages thanks to the information and the scientific data recorded by the 
telescopies and transmitted to an accessible web-area. Teachers, researchers, and technicians of 
INFN were very helpful supporting students in research and analysis activities of reconstruction of 
extensive air showers (EAS) with computer software. 

Thanks to the analysis of real data, students fitted trajectories of cosmic rays, analysed the distribution 
of the cosmic shower energies, developed a C++ software that simulates the elaboration of telescopes 
and published all their works in the digital media for peer-to-peer communications, for scientific events 
in schools or other cultural institutions. 

They were able to tackle advanced mathematics topics such as solid Cartesian geometry, statistical 
data-analysis, calculation with hexadecimal and binary bases, applying them directly to a research 
context and thus understanding their actual operational infrastructure. 

The didactic activity carried out had as its theme the study of astroparticles physics and the analysis of 
the data detected by the Pierre Auger Observatory (PAO) and was the occasion to develop numerous 
interdisciplinary connections. In sciences and physics the study of the atom and the classification of 
particles has been deepened, the physical phenomena with which it is possible to detect the presence 
of subatomic particles, the principles of Einsteinian relativity. In mathematics, space has been given to 
the statistical analysis of data, to the development of graphs and tables, to the study of Cartesian 
geometry in space. Ample space was given to information technology in the context of this project. In 
fact, the students were asked to analyse the data downloaded from the databases and starting from 
the spread sheet and construct the graphs representative of each event detected by PAO to build a 
website where publish the material produced, to prepare a multimedia publication to be presented 
during the final two days of the project conference, to build a video game suitable for capturing the 
attention of elementary school children but containing the simplest contents of the survey PAO, to 
build a program in C ++ language able to study the trajectory of a cosmic ray in an orthogonal and 
orthonormal Cartesian space and to attribute a particular melody to each single trajectory.  

The project also saw the intervention of other disciplinary areas, in fact, for the Italian language, 
activities were carried out in class aimed at the acquisition of skills for the oral presentation of the 
contents, taking into consideration the various levels of listeners that could be present during the 
public demonstrations, in the English language a scientific article was written describing the activities 
carried out aimed at a possible publication. History and philosophy have also been involved in the 
project because great emphasis has been placed on the historical scientific context and on the 
evolution of thought, critically contextualizing the protagonists of research and the physical 
phenomena studied.  

Since explaining cosmic rays and elementary particles to those who are not involved in the work It can 
be a bit complicated, so it has been decided to build an artefact of recycled materials to represent the 
idea underlying the PAO by simulating with small pieces of paper the particles that make up the 
secondary cosmic rays that hit a table with containers (the array of the PAO tanks). In order for each 
student to be able to participate in activities to the fullest of their abilities, it has been allowed each one 
to choose the area in which develop their own activities: those who are in charge of drafting the text, 
or the construction of the artefact, someone else decided to prepare the website or the public 
presentation or the speech for the jury. Everyone had their own role but, at the end of the activity, 
everyone was able to describe what they had done and the issues they faced as each didactic 
moment was developed in a peer-to-peer teaching with the sharing of their knowledge among the 
students.  

The discussion of the disciplines as listed in the topics was carried out synergistically between the 
various professors often also with the co-presence of the same during the lessons so that the students 
were given a detailed and complete picture of the project. 

3.1 Framework of activities 
The first meeting of the activity took place at the INFN laboratories and the researchers illustrated to 
the students a general vision of astroparticles physics. They introduced the historical framework, 
contextualizing the experiments carried out by Pacini firstly and then by Hess, which led to the 
discovery of cosmic rays, illustrated the key concepts of special relativity, necessary to understand 
how it is possible for particles with a very short life to arrive on earth surface from the top and the 
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development of the extensive air shower (EAS). Moreover they described the classification particles 
model and the interactions between elementary particles and the atmosphere. 

During the second meeting, the researchers illustrated the peculiar structure of the PAO, located in the 
Pampa Argentina and covered an area of about 3000 square kilometres. They described the 1660 
water tanks that, thanks to the Cerenkov effect, detect the passage of a high-energy particle, and the 
fluorescence telescopes capable to detect the weak fluorescence light emitted by Nitrogen of the air 
excited by the passage of the particles. This is the hybrid technique, peculiar of PAO, to reconstruct 
with high performance the characteristics of the EAS, as primary particle energy and directions, core 
of the shower, longitudinal and lateral development to build a clearer picture of the observed 
phenomena.  

 
Figure 1. Pierre Auger Observatory hybrid shower reconstruction. 

The students also had access to degree and doctoral theses and a lot of publications developed on 
experimental data, written in English, which made it possible to understand the rules of writing a 
scientific texts based on data analysis. 

In the following weeks, always at the University laboratories, students studied the downloading of data 
from the public outreach database of PAO website by analysing the graphs already built by the 
researchers and studying the software VISPA for data analysis. 

 
Figure 2. Pierre Auger Observatory web page available for public data. 
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Figure 3. Pierre Auger Observatory event reconstructions. 

 
Figure 4. The VISPA software. 

Then they reproduced the same activities independently. In this phase ample space was given to the 
computer skills and mathematics of the students. In fact, it is possible to graphically reconstruct from 
the data the trajectories in the Cartesian reference space to derive the trajectory of the primary radius, 
to make statistical analyses on the distribution of events based on numerous parameters (such as the 
energies and the direction of the primary cosmic ray, the extension of the shower, the arrival time of 
the secondary particles and etc.).  

Moreover, using concepts of Cartesian geometry of space, the students built software in C ++ for 
analysed the data of Toledo Telescope in Naples available online thanks to the INFN website to 
reconstructs the trajectory of the muon particles crossed the telescopes. For the construction of the 
program it was also necessary to introduce concepts of matrix and vector algebra. 

 
Figure 5. The acquisition of data 
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Figure 6. From hexadecimal code to binary code 

 
Figure 7. Each coordinate has a peculiar sound 

 
Figure 8. the track of the muon 

 
Figure 9. The program is running 
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After this phase of acquiring knowledge, the students had a few weeks to study the issues addressed 
and organize the activities in anticipation of the final event and the presentation of the work done. 
There was a definition of the roles and tasks to perform: who organized the production of a website, 
where material produced by the students was uploaded, two posters summarizing all the activities and 
information acquired, a PowerPoint presentation for the astroparticle conference, an artifact, a video 
game for children and an article written in English with a description of the work done.   

  
Figure 10. The scientific paper. 

 
Figure 11. The web site. 
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 Figure 12. The videogame 

 
Figure 13. The two poster. 

There have been numerous meetings organized at school in the afternoon to fine-tune the various 
productions of the students, to share the work in progress day by day and also to compare, correct 
and modify. Finally, there were some meetings in which each group shared all the work done with the 
rest of the class and prepared a brief speech that everyone studied for the final conference. 

3.2 Methodological choices 
Attention was paid to make a class feel like a real action group: all the kids had the badge with their 
name, the school badge, the project and with the role played in the activity, it was prepared a shirt with 
the school logo and the title of the project. The students were clearly and repeatedly emphasized by 
professors and researchers that a project is successful when the team is compact and works by 
pursuing a common goal and it has been observed that even the weakest or least willing students 
have shown great commitment because they felt important. The expectation of a victory has never 
been emphasized; indeed, when the subject was approached by the boys with the professors, it has 
always been pointed out that the goal was to give the best of oneself and put on display what was 
acquired, because only in this way does one feel then satisfied and pay at the end of the activity. 
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At the end of the final manifestation of the project, a jury composed of university professors and 
researchers in astroparticle physics examined all participating schools interviewed, awarding some 
prizes for the works produced. The "Pierre Auger Observatory" project won the special critical award 
because it was considered valid and significant the choice to place the project at the centre of a 
synergic activity between all the teachers of the class and the university researchers in a perspective 
of orienting students' choices for future studies and because the role of the team emerged in various 
phases of the event: the energy that moved the students to explain the activities carried out, the 
synergy with which they intervened in the discussion proving their experience on the subject. The jury 
awarded not the project only for content, but for the didactic choice and the development procedure 
with which it was included in the curricular path of the students and the quality of learning that they 
were able to demonstrate during the evaluation phase by an external commission. 

Even the prize won by the students was a further growth in training and orientation for future study 
choices, in fact it was not a traditional cup or medal: they have been chosen to participate to a stage at 
the Gran Sasso Laboratories (L'Aquila, Italy) working alongside researchers and closely observing the 
experiments they had studied in theory.  

4 CONCLUSIONS 
This experience has been developed in an alternative captivating educational approach, having 
experienced the excitement of research. Some students have even described the project and the 
activities carried out as one of the most beautiful and unforgettable moments of their lives. 

The success of the educational activity is reflected both in evaluation sheets written by the students 
themselves and in skills achieved in checks during the experience:  they highlighted improvements not 
only in math, physics and science but also in the transversal skills related to the transmission of 
information involving English, Italian and history. At the end of the experience, students showed 
greater self-confidence even in the expositive and dialogic phase. 

It has been observed that new technologies are not only a means to optimize teaching procedures but 
also educational mediators able to generate new ways of knowing, learning and conceptualizing. 
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