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Background
FABRICATION OF NOVEL

ELECTRONIC DEVICES



800 people
Materials, Electronics, Climate, 

Geology, Atmophere, Sea, 
Astrophysics, Technopole

Scientific research for schools

Bologna CNR Research Area 



Raw Matters Ambassadors@Schools





EMPLOYMENT
SUSTAINABILITY CITIZENSHIP

Why electronic materials in high schools



Skills
Knowledge
• Current and future trends in electronic devices
• Sustainability & performance 

(design, raw material production processes, low energy
consuption during operation, end of life)

• Use
• Open source

Soft skills
• Citizenship
• Networking and cooperation
• International dimension of learning
• Creativity
• Analytical skills



• Previous knowledge of Italian students
• Favouring students’ interest
• Learning assessment
• Empowering students
• Conclusions

Research questions



Knowledge before the project - 2016

> 400 ANSWERS IN 3 DAYS !
Survey spread through social networks



FAVOURING STUDENTS’ INTEREST

Link to everyday life 
Link with society and policy
Use of smartphone



 Devices/Technologies

Smartphone storytelling



Emerging electronic technologies  

SOLAR PANELS

LIGHT EMITTING
DIODES (LED)

ELECTRIC CARS
FIBER OPTICS



 Devices/Technologies
 Materials/elements

Smartphone storytelling



OLED

MAGNETIC MATERIALS

TRANSPARENT ELECTRODES

Novel materials

Substitution of CRMs in 
strategic applications



 Devices/Technologies
 Materials/elements
 Lifecycle/circular economy

Smartphone storytelling



LEARNING ASSESSMENT

Analysis of dissemination products realized by students
Use of digital communication techniques
Recycling and reverse enegineering



Dissemination products

Don’t throw away
your mobile Dissemination products

Presentation of the 
scientific topic

Creation 
ITA/ENG

http://www.rmschools.eu



Techniques

> 20 works collected along 3 years (2016-2019)

SLIDES

WEBSITE

72% digital techniques
Slides useful in class
Websites, apps, fb pages: 

MOVIE

VIDEOGAME

CARDS

COMICS

Interest in the use of digital
communication technologies



REVERSE
ENGINEERING

SCI & TECH  Attraction for science
 Interest in applications
 Surprise about provenience
 Concern about E-waste

PROVENIENCE

E-WASTE

CONSUMER
HABITS

Topics



EMPOWERING THE NEXT GENERATION

Teacher training
Increase the insight
Hands-on solutions
Spread the word



Teacher active participation

 Accreditated training courses for teachers

 Mandatory to foster student involvement



Pathway on materials in electronic devices

Lesson Dissemination product

Widening/
Strenghtening
of knowledge

Presentation of the 
scientific topic

Insight on a 
research project

Creation 
ITA/ENG

RM@Schools methodology

Live event

Experiment



Experiment 1: transparent electrodes
Comparison between

commercial electrodes with rare indium tin oxide
vs

novel graphene-based electrodes
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Students’ re-elaboration
GAME

CIRCUIT

VIDEO



Experiment 2: CO2 monitoring

Old smartphone used as screen for CO2monitoring station
 Based on open source material and software
 Station assembly by pin connection
 CO2 monitoring in classroom
 Raspberry PI Python coding
 WebApp development (Javascript)

2 sustainability issues
Indoor air quality & 

Circular economy



SHOW THEIR OWN PRODUCTS

Spread the word
 Science exhibitions
 Open seminars
 Open days in Schools
 Peer education

ENGAGE IN DISCUSSION

PRESENTATION

RUN EXPERIMENTS



insight + fun

Spread the word

 Internationalization
 Networking
 Communication skills
 English



 Scarce awareness of materials issues in electronics

 Catch interest through link to everyday life

 Electronic devices interesting for 11-19 year old pupils

 Need for taking actions by recycling

 Higher levels of insight achieved through student and teacher 

active involvement

Conclusions



Thank you!
mariaconcetta.canino@cnr.it



Twinning with H2020 project Challenge



Open day @ school
Experiment demonstrator Apps

Spread the word



http://www.rmschools.eu

Facebook Page

Video

Dissemination products



Policy contextualization

Raw materials
extraction

Transport Fabrication

Ref. 
L. Belkhir, A. Elmeligi, (2017). Assessing ICT global emissions footprint: Trends to 2040 
& recommendations. https://doi.org/10.1016/j.jclepro.2017.12.239



 Students’ interest
 Availability
 Platform for experiments

Smartphone



Reverse engineering website



E-waste recycling


