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GAME CHANGING
SCIENTIFIC DISCOVERIES WITH GREAT MEDIA COVERAGE
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SCIENTIFIC DISCOVERIES WITH GREAT MEDIA COVERAGE

W T e e e s e Francois Englert

. 16 Peter W. Higgs

funded within the framework of the European Union Erasmus+




GAME CHANGING
SCIENTIFIC DISCOVERIES WITH GREAT MEDIA COVERAGE
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GAME CHANGING
SCIENTIFIC DISCOVERIES WITH GREAT MEDIA COVERAGE

I Physics 2013
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AND UNPRECEDENTED
IMPACT IN HUMANKIND
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AND UNPRECEDENTED
IMPACT TN HUIMANKIND

The Impacts of Large Research Infrastructures
on
Economic Innovation and on Society:

Case Studies at CERN

@) OECD
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AND UNPRECEDENTED
IMPACT TN HUIMANKIND

The Impacts of Large Research Infrastructures
on
Economic Innovation and on Society:

Case Studies at CERN

@) OECD
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AND UNPRECEDENTED
IMPACT TN HUIMANKIND

The Impacts of Large Research Infrastructures
on
Economic Innovation and on Society:

Case Studies at CERN

@) OECD

The World Wide Web

Proton therapy
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AND UNPRECEDENTED
IMPACT TN HITMANKIND

The World Wide Web

The Impacts of Large Research Infrastructures
on

Proton therapy

More than two billion tons of cargo pass through U.S. ports and
waterways annually. Many ports now screen cargo for weapons or
nuclear materials with gamma-ray scanners, based on radioactive
isotopes such as cobalt-60 .However, high-energy X-rays generated by
particle accelerators can make this process faster, cheaper, and safer

24 PASI, March 2013 - S. Holmes/R. Kephart £& Fermilab
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AND UNPRECEDENTED
IMPACT TN HITMANKTNT)

Started in 2011

6-7 projects / year

Each project
receives 15-220 kCHF

ld Wide Web

Average 90 kCHF / project Since 2011,
38 projects were funded
The Impacts of Large R & 21 completed
R TR IRITS PROJECT DIVERSITY oo
- Data
Radiiation preservation
ors fg Compact protection

Radio-isotopes Micro-satellites

@ Industrial
control
systems

Ty Medical ,
High gradient Ty imaging Cryogenic

accelerating structures safety thel‘apy
------------------------------------------ CERN DEPARTMENTS & UNITS

PROJECT
SMB*
BE Site Management

Beams & Buildings

9

PROJECTS

EN
Engineering

9

PROJECTS

More than two billion tons of c3
waterways annually. Many ports|
nuclear materials with gamma-ri

isotopes such as cobalt-60 .Howe!
particle accelerators can make th

EP
Experimental
Physics

24 PASIMarch 2013 - S. Holmes/R. Kephart PROJECTS
HSE Unit PROJECTS
Occupational Health & Safety TE )
and Environmental Protection Unit Technology Information

HSE Unit Technology

* The SMB Department exists since 2016
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Started in 2011

6-7 projects / year

Each project
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YET.. IF YOU SEARCH CERN ON YOUTUBE
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YET.. IF YOU SEARCH CERN ON YOUTUBE
= (B YouTube " cern| | Q * 5 A G

I~ GIATPO

WHAT DARKNESS DOES CERN HOPE TO

UNLEASH USING _THE LARGE HADRON
The WTF Files™ OpoBo)\éc * Mpwv ano 4 eBdopadeg

IS CERN REALLY TRYING TO OPEN A PORTAL TO ANOTHER DIMENSION, TO
BRING FORWARD DEMONS FROM THE ...
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YET.. IF YOU SEARCH CERN ON YOUTUBE
3 YouTube " cern Em| Q G
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The WTE FilesT Revamped collider to shine brighter light on

physics mysteries at CERN

IS CERN REALL
BRING FORWAE

o 0:23/16:13

ists Won't Tell You This!
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YET.. IF YOU SEARCH CERN ON YOUTUBE
3 YouTube " cern Em| Q G

2 YouTube cern

3= @IATPO

=

& Youlube

o shine brighter light on

= >l 4» 808/1810

I'm a Physicist At CERN We've Done Something We Shouldn't Have Done part
one
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OR ..FLAT EARTH

2 YouTube flat earth

[crowd cheers

@ 0247400

CC== VICE News
News UOGIEUTN

oGIEUTNKE GTIC 28 Nos 20 EMTPAGH 34 El

t, they spread like “chemtrails™ in
ne theory that the world is flat, for example, gained so

ey & online that this
people nathered for the first ever International Flat Earth Coofag
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IT ALL STARTS FROM EDUCATION..
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IT ALL STARTS FROM EDUCATION..

Sean Carroll & L 4

@seanmcarroll

Every high school student should be exposed to the basic
qualitative ideas of quantum mechanics, quantum field
theory, & general relativity.

5:02 PM - Apr 7, 2016

O35 11139 ) 224 0
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IT ALL STARTS FROM EDUCATION..

20th Century Physics not

systematically integrated in K12
formal education!

theory, & general relativity.
5:02 PM - Apr 7, 2016

O35 11139 ) 224 i

m Frontiers has been funded within the framework of the European Union Erasmus+

iE||r|a|S|m ul SI |+|i programme




IT ALL STARTS FROM EDUCATION..

20th Century Physics not
systematically integrated in K12
formal education!

Teachers don’t feel confident to address students’
questions regarding newest discoveries in modern
science
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MANY EDUCATION AND OUTREACH
INITIATIVES,
ESPECIALLY IN HEP AND ASTRONOMY
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WITH DOCUMENTED IMPACT

https://arxiv.org/ftp/arxiv/papers/1801/18
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https://arxiv.org/ftp/arxiv/papers/1801/1801.08830.pdf

WTTIT NNAAOTITMEANTTEN TNMDA AT
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18 42
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72 masterclasses 255
3k 10k
12 video conferences 68
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https://arxiv.org/ftp/arxiv/papers/1801/1801.08830.pdf
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https://arxiv.org/ftp/arxiv/papers/1801/1801.08830.pdf
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http://inspirehep.net/record/1294255/files/epjconf_icnfp2013_00017.pdf
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Australia aims to introduce the IPPOG Masterclasses programme as part of their formal
science education in high-schools in New South Wales. The NSW Dept. of Education is

beginning a trial of the online resource in 2017.

number of students
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http://inspirehep.net/record/1294255/files/epjconf_icnfp2013_00017.pdf

AND THE POTENTIAL TO CHANGE STUDENTS’ VISION
OF SCIENCE AND SCIENTISTS..

WHAT DOES A SCIENTIST LOOK LIKE?

Student answers after a visit at Fermi National
Laboratory (Fermilab) in USA
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You can see them as a mad
scientist with hair standing
straight up and a mean wicked
laugh. . . . I see them with rubber
gloves and safety goggles on. I

see them in a chemistry lab
surrounded by beakers,

graduated cylinders and tables |
filled with experimental V
materials.
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gloves and safety goggles on. I

see them in a chemistry lab
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Jjobs. They wake up in
the morning and are
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work. . .. When you are
a scientist, you come tfo

{ work ready to explore
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AS WELL AS POTENTIAL TO ATTRACT
STUDENTS TO SCIENCE CAREERS

Research on more
than 2000 college
students in Physics in
UK.

Kalmus, P. 1. P.

(1985). What attracts
students towards physics?
Physics Bulletin, 36(4),
165

170. doi:10.1088/0031-
9112/36/4/029




AS WELL AS POTENTIAL TO ATTRACT
STUDENTS TO SCIENCE CAREERS

@ School 1impact

Research on more
than 2000 college
students in Physics in
UK.

Kalmus, P. 1. P.

(1985). What attracts
students towards physics?
Physics Bulletin, 36(4),
165

170. doi:10.1088/0031-
9112/36/4/029
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Relativity and gravitation

Quantum theory, other theoretical
physics

Elementary particles

Astronomy, astrophysics, cosmology,
space research

The nucleus, nuclear energy

Optics

Atoms, molecules, chemical physics
Electronics

Computing

AR&e=ITMm OO @>

Relativity, Gravitation, Astrophysics and
Elementary Particles in students’ top 5 list.



SOME TEACHER FEEDBACK

Feedback from teachers in Brazil who participated in HEP Masterclasses

“Materials for studying and teaching. The High School
books do not cover these topics” (T14)

“There are too many topics to address and the time is
very short.” (T4)

“Lack of time to cover an extensive curriculum. [...]”
(T18)

K7 M lll e III”! Frontiers has been funded within the framework of the European Union Erasmus+
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SOME TEACHER FEEDBACK

“.. (1) had no idea of so many possibilities to address
the content that will be worked with the students” (T1)

“I learned a lot; besides learning about particle physics,
| also discovered new methods and instructional
experiences from other teachers. Students get excited”
(T17)

“[the workshop] approaches the teacher to the reality
of current researches, providing the elements to
contextualize [particle physics]” (T9)
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THE VALUE OF TEACHER TRAINING
IN FRONTIER SCIENCE

Challenges Solutions

Lack of organized Teacher Training
training materials
- Increases teachers'

confidence

- Increases teachers'

content knowledge
Teachers not properly
trained in modern science - Brings together

teachers, students,
researchers

- Provides high quality
Lack of active classroom time training materials
to address these topics

Frontiers has been funded within the framework of the European Union Erasmus+
programme
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CHALLENGES AND PROBLEMS

Lack of organized educational content introducing modern Physics in the
classroom 1n a consistent fashion.

Lack of teacher training in modern Physics topics.

Lack of a pedagogical framework and methodology to introduce these
topics in the classroom.

Lack of feedback and systematic communication between educators —
researchers as well as between educators with the same passion for
introducing Modern Physics in their school.

Lack of time and curriculum pressure for timely completion of the
prescribed syllabus and preparation for exams.

Lack of support from the state.
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FRONTIERS is a project funded by the
Erasmus+ framework of the EU with duration

from 2018 to 2021.
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THE ROLE OF F¥&NTI=Z3$ST

o FRONTIERS i1s a project funded by the
Erasmus+ framework of the EU with duration

from 2018 to 2021.

o It aims to address the challenges of
introducing frontier Physics in the
Classroom.
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BY BRINGING TOGETHER RESEARCH AND
EDUCATIONAL INSTITUTIONS FROM ALL OVER
EUROPKE

Scientific Research Science Education

Institute of Accelerating Systems and Applications

@) EGCO

/A: ~¥%= Paris Centre for
s%*® Cosmological Physics

Teacher Training Networks
and Astrophysics Outreach
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INVESTIGATING ALREADY EXISTENT OUTREACH
PRACTICES AND DRAWING LESSONS LEARNT
FROM THEM




INVESTIGATING ALREADY EXISTENT OUTREACH
PRACTICES AND DRAWING LESSONS LEARNT
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CERN connects with IceCube to bring

science to schools




INVESTIGATING ALREADY EXISTENT OUTREACH
PRACTICES AND DRAWING LESSONS LEARNT

' : T -
e CERN's Beam Line for Schools Competition 13 Leave
- L ® 1oy
- ) Invite
L 4 4
s man'!![l?h?m "\ Customize Community
P comanvbias + N b i
7 ’ ew sub-community
/ \Ve
24
. . . Managed By:
CERN is offering high-school students from around the world the chance to create and .
. < . = . Emmanuel Chaniotakis
perform a scientific experiment on a CERN accelerator beamline.
What better way to learn about physics? m

Markus Joos

Find out more about CERN's Beamline for Schools (BL4S) competi... @ #

Sarah Aretz

Created on: 06.07.2017
Last visited: 24.11.2017

Network of related
communties




INVESTIGATING ALREADY EXISTENT OUTREACH
PRACTICES AND DRAWING LESSONS LEARNT
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INVESTIGATING ALREADY EXISTENT OUTREACH
PRACTICES AND DRAWING LESSONS LEARNT




INVESTIGATING ALREADY EXISTENT OUTREACH
PRACTICES AND DRAWING LESSONS LEARNT



https://zenodo.org/record/3405912

ADOPTING THE INQUIRY BASED SCIENCE
EDUCATION PEDAGOGY

Learners are engaged by scientifically oriented
questions.

Learners give priority to evidence which allows
them to develop and evaluate explanations that
address scientifically oriented questions.

Learners formulate explanations from evidence to
address scientifically oriented questions.

Learners evaluate their explanations in light of
alternative explanations, particularly those reflecting
scientific understanding.

Learners communicate and justify their proposed
explanations.



ADOPTING THE INQUIRY BASED SCIENCE
EDUCATION PEDAGOGY

Orienting and

Asking

/r Questions \

Conclusions- 3 A —_— HYPOthG{SiS
Evaluation F q \:ﬁ'I\\ITI :q\ : ) Sr?g%g:il;?l

/

Analysis apd : Plannipg gnd
Interpretation Investigation

https://www.youtube.com/watch?v=TJQAfJwVGyk ‘



https://www.youtube.com/watch?v=TJQAfJwVGyk

Orienting and Asking Questions. The topic of the
lesson 1s introduced, assumptions the students may
have are challenged, and questions they may have are
formulated.

Hypothesis Generation and Design. During which
the students develop one of their questions into a
hypothesis.

Planning and Investigation. In which the
hypothesis previously developed 1s tested.

Analysis and Interpretation. Where the students
analyse the data collected from their investigation
and refute or confirm the hypothesis.

Conclusion and Evaluation. When the students
communicate their findings.




DEVELOPING THE FRONTIERS

DEMONSTRATORS:
CUTTING EDGE EDUCATIONAL ACTIVITIES FOR YOUR CLASSROOM

FRONTIERS will prepare 20 demonstrator lessons that are about a
modern physics topic for secondary school; ready to be used (or adapted);
follow an inquiry methodology; available @ ISE platform:

High Energy Physics

Discover the Z and Higgs Bosons
World Data Day

Magnetic Field

Let’s Accelerate particles

The ALICE Experiment at CERN

Mass- Energy Equivalence




Gravitational Wave Astronomy

* VIRGO Virtual Visit

 VIRGO Control (Class) Room

» Gravitational Wave Noise Hunting
* Finding black-holes in a chirp”

* The Michelson Interferometer
 Earthquake Interferometer

Astrophysics — Astroparticle Physics

« Black Holes

* Solar Rotation

« Discovering Alien Worlds

* Build your own cloud chamber

« Relativistic Muons and Time Dilation
* Cosmic Rays

* Neutrino Astronomy

« Age of the Universe




5 phases of IBSE in educational Scenario

i || ASSESSHEN
ol

o) LISTEN CONTENT

Orienting: Provide contact with the content and/or provoke curiosity

In February 11, 2016 a major scientific discovery was announced by the LIGO collaboration in USA. 100 years after the conception of
Einstein's theory of General Relativity which describes the force of gravity in a new perspective, humankind comes to observe its greatest

verification!
1.3 billion light years away, 2 gigantic black holes with masses almost 30 times the mass of the sun each travelling at speed close to the speed

of light collided creating a cataclysmic cosmic event.
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Assessing Problem Solving Skills and Knowledge Items
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DEVELOPING NATIONAL AND INTERNATIONAL
COMMUNITIES OF PRACTICE FOR EDUCATORS

Giving opportunities for immediate interaction
and feedback between researchers and educators.

Useful for the exchange of good practices.
With the capacity to host educational content

Offering you the tools to create your own
educational content.



DEVELOPING NATIONAL AND INTERNATIONAL

FRGSNTIERS H Koivotnta Tou FRONTIERS otnv EAAGSa

Greece Managed By:
Parent Community: Bringing Nobel Prize Physics in the Classroom Emmanuel Chaniotakis
KaAwoopioare otnv EAANVIKA KoIvoTnTa ToU FRONTIERS! m

Stelios Vourakis

R T2

Created on:06.06.2019
Last visited: 11.10.2019

Network of related
communties
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FeNTI=3S  Bringing Nobel Prize Physics in the Classroom

Domain: Science

.

WELCOME TO FRONTIERS

Have you ever wondered how we can integrate Modern Physics in the school curriculum? Do you believe that
exciting discoveries such as the Discovery of Gravitational Waves or the Discovery of the Higgs Boson can be
brought in the classroom in a consistent and understandable fashion? The FRONTIERS Project brings
together expertise from frontier scientific research and educational research in formal and informal science
learning, along with user communities across Europe, in order to demonstrate how Nobel Prize winning
science can be systematically integrated in the school curriculum.

How do | join the FRONTIERS team?

Make your registration (by clicking on register on the top of the page) and press join community Your journey

just began!

What are the benefits of joining the FRONTIERS team?

« You will have access to a wealth of educational resources introducing concepts from Astrophysics and
Gravitational Wave Astronomy to Particle and Astroparticle Physics using real data!!

« You will be able to organize virtual visits in Large Research Infrastructures such as CERN and VIRGO for
your students!!
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ONTIERS Community in Greece
https://portal.opendiscoveryspace
.eu/

en/community/frontiers

-community-greece-855295

FRONTIERS Community in Ireland

https://portal.opendiscoveryspace.eu
/en/community/frontiers-community-

1reland-855298

ringing Nobel Prize Physics in the Classroom

TIERS Community in Italy

https://portal.opendiscoveryspace.eu
/en/community/frontiers-community
-1taly-855296

https://portal.opendiscoveryspace.eu/

en/community/frontiers-community-portugal-
855297

FRONTIERS Community in Portugal

FRONTIERS Community in France

https://portal.opendiscoveryspace.eu/en/community/frontiers-
community-france-855299



https://portal.opendiscoveryspace.eu/en/community/frontiers-community-italy-855296
https://portal.opendiscoveryspace.eu/en/community/frontiers-community-greece-855295
https://portal.opendiscoveryspace.eu/en/community/frontiers-community-ireland-855298
https://portal.opendiscoveryspace.eu/en/community/frontiers-community-portugal-855297
https://portal.opendiscoveryspace.eu/en/community/frontiers-community-france-855299

Frontiers Classroom 5 i 4

Yvonone Crotty

FRONTIERS GREECE . wi FRONTIERS Italia A FRONTIERS em Portu... FRONTIERS FRANCE
1 poBnric - \ : Priscila Doran , PCCP Fronticrs

FRONTIERS Community in France

https://portal.opendiscoveryspace.eu/en/community/frontiers- ‘

community-france-855299



https://portal.opendiscoveryspace.eu/en/community/frontiers-community-italy-855296
https://portal.opendiscoveryspace.eu/en/community/frontiers-community-greece-855295
https://portal.opendiscoveryspace.eu/en/community/frontiers-community-ireland-855298
https://portal.opendiscoveryspace.eu/en/community/frontiers-community-portugal-855297
https://portal.opendiscoveryspace.eu/en/community/frontiers-community-france-855299

FRONTIERS:
Bringing Nobel
Prize Physics in the
Classroom
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OFFERING CONTINUOUS TRAINING AND
SUPPORT FOR THE IMPLEMENTATION OF
FRONTIERS ACTIVITIES IN YOUR CLASSROOM.

Through the systematic organization of in situ
and online training workshops for continuous
professional development..

Through the organization of summer and winter
schools.
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IF..

You believe that it 1s worthwhile to introduce topics such as
the discovery of Gravitational Waves or of the Higgs Boson
in your classroom in a systematic and understandable
fashion.

You want your students to be able to perform virtual visits
at VIRGO or CERN, to analyze real data and to interact
with leading experts in Physics and Education research.

You want to receive continuous training and support in
these scientific topics.

You want to become part of our international community of
educators and researchers with who you will be able to
interact, collaborate, exchange ideas and practices.



IF..

o You believe that it 1s worthwhile to introduce topics such as

We invite you to become members of the FRONTIERS family!

these scientific topics.

o You want to become part of our international community of

educators and researchers with who you will be able to
interact, collaborate, exchange ideas and practices. ‘




How DO I BECOME A FRONTIERS TEACHER?

It 1s done 1n 5 easy steps:

Subscribe to our newsletter!

Register to the project and become a FRONTIERS
teacher: http://bit.lv/join-FRONTIERS

Contribute to our Facebook group!

Participate in our training workshops to be
announced soon!

Implement at least one FRONTIERS activity in your
classroom!


http://plist.portaldoastronomo.org/?p=subscribe&id=7
http://bit.ly/join-FRONTIERS
https://www.facebook.com/groups/665957563876838/

Throughout your engagement with FRONTIERS you will be offered

continuous support and training, you will receive online badges and you will
be able to participate in educational competitions with great prizes!

o Subscribe to our newsletter!

o Register to the project and become a FRONTIERS
teacher: http://bit.ly/join-FRONTIERS

o Contribute to our Facebook group!

o Participate in our training workshops to be
announced soon!

o Implement at least one FRONTIERS activity in your ‘
classroom!



http://plist.portaldoastronomo.org/?p=subscribe&id=7
http://bit.ly/join-FRONTIERS
https://www.facebook.com/groups/665957563876838/

THANK YOU VERY MUCH

For further details visit:

FRONTIERS website:

www.frontiers-project.eu

Facebook page:
https://www.facebook.com/frontierseu

Facebook group:
https://www.facebook.com/groups/665957563876838/

Don’t hesitate to contact us : info@frontiers-project.eu ‘



http://www.frontiers-project.eu/
https://www.facebook.com/frontierseu
https://www.facebook.com/groups/665957563876838/
mailto:info@frontiers-project.eu

