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Modern Physics in Brazilian Schools

PCN Brazilian official documents mention modern and
ERSLLO MELL0. contemporary physics among the topics to be
Ciéncias da Natureza, ta u g ht

Matematica e suas Tecnologias
http://portal.mec.gov.br

Yet most students finish high school without any
contact with topics of modern physics!



Research Objectives

INTERNATIONAT‘\’, (J“i WorkShop On
MASTERCLASSES =" Particle Physics

hands on particle physics SFRACE

Evaluate contributions for the professional
development of the attendee teachers

ldentify strengths and weaknesses of both
events




The International Physics Masterclasses




The International Physics Masterclasses




Masterclasses Promoted by SPRACE
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MASTERCLASSES « Advanced (1 day)

SPRACE hands on particle physics

 Beginners (2 days)
e Demonstrations + Teachers’ day

activities

Cloud chamber
_ http://www.sprace.org.br/masterclass
Educational games and y .

Optics Demonstrations
* QGuided visits
 GridUnesp + SPRACE
* Virtual visit to CMS




Particle Physics Workshops 2012 & 2015

e 35 teachers attended the
2nd edition

e Activities based on the
official state curriculum
for Physics;
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Questionnaires

Teachers (35+19) Students (92)
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Contributions of the Events

Events Evaluation




Teachers’ Education

* “Teachers have difficulties related to their education,

since few have learned about particle physics at the
college” (T9)

* “I believe that this issue is not well addressed in
teachers’ education, which makes it very difficult for
this subject to be taught ” (T12)

 “l am interested in learning a little more in order to feel
confident in working [this topic] with students” (T14,
about his previous expectations for attending
Masterclasses)



Lack of Time and Materials

“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)



Contributions: Teachers’ Education

 “.. (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)



Contributions: Materials

e ‘.. the material provided here, and some other
teachers’ ideas, facilitated my life” (T10)

 “In 2015 I used the presentations and Masterclasses
games to work this topic” (T10)

 “Many materials used in the workshop were important
for the preparation of classes last year. [...]” (T3)



Analysis

Lack of materials

Outdated teachers’ education

Lack of time

Attending the events

Increases teachers’
knowledge

Makes teachers more
confident

Approaches teachers
and researchers

Provides quality
materials




Conclusions

Attending these events help to fill a gap in the
education of some teachers, giving them more
confidence.

Both events provides good ideas and material to teach
particle physics in high school.

Teachers and students became more motivated to
teach and study physics.

Both events were largely approved by the attendees.



ESTRUTURA ELEMENTAR DA MATERIA
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New Projects

i - Contact

General Info High Energy Physics Detector R&D Sprace WLCG Tier - 2 Education and Outreach Associated Projects

= News » Events SPRACE Team

SPRACE Publications
SPRACE participation in Supercomputing MasterClass 2016

Conference 2015

The MasterClass organized by SPRACE In the Press

SPRACE is an event lasting
two days, in which high school

An international team of high
energy physicists, computer on

=;7&'.‘15 Related Links
< 5 ot vansioms. | scientists, and network RIS, sl | students go to a research
engineers are working to institute participant and werk with physics mentors. # CERN
demonstrate large data flow
transfers across a high-performance software- NCC/ICTP-SAIFR School and Workshop on * Unesp
defined network. i in Scientific C: il .
*# SPRACE - Twiki

The event will be jointly
Editorial in Nature Physics highlights Sao Paulo organized by NCC-UNESP
research and ICTP-SAIFR, with a

The magazine cites as one of Hands-on Workshop on
_ examples of the scientific

————| Advanced Techniques for
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O LHC, maior acelerador de panticulas do mundo, COMegou esse més
uma nova etapa de coleta de dados.

*Temos um ambicioso objetivo para 2016 obter seis vezes mals dados
oo que em 2015, disse Frédérick Bordry, Diretor de Aceleradores e
Tecnologla do CERN.
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LHC inicia nova etapa de coleta de dados

O Large Hadron Collider (LHC). maior acelerador de particulas do mundo, foi
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Noticias

CERN faz colisdes teste no LHC antes de iniciar nova etapa de coleta de dados

Aprenda mais

Estrutura Elementar da Matéria
Maior acelerador de particulas do munde deve voltar & atividade em maio; objetivo é fomecer

seis vezes mais dados do que os experimentos realizados em 2015 # Masterclass
# Unesp
Masterclass 2016 — apresentando o mundo da Fisica de Particulas a alunos do Ensino Médio # Sprace.org
Evento une aulas fedricas com atividades praticas para estimular estudantes a conhecer uma > CERN

area ainda no muito contemplada pelos curriculos escolares
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Thank You!



Students Answers

* Masterclass 2016 included several lectures and workshops,
which provided students with a new way to understand
particle physics, beyond the atom, as we learned in high
school. It was also possible to understand the operation of
CERN's particle accelerator, the LHC, and the events that
occur there. It is a unique opportunity that allows us to
deepen knowledge and learn new things. (S90)

 Masterclass experience was incredibly rewarding, providing
knowledge beyond the content that you can usually
access, such as websites or books, besides answering my
guestions and letting me to know the everyday life of those
who work with it. | recommend the experience! (532)



Outlook

Efforts to include modern
physics in Brazilian high  vs.
school

Deficient teachers’
education

Outreach events promoted by SPRACE contribute as
opportunities of continuous education and by providing
resources and ideas for teaching particle physics.



