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This article is based on a keynote given at
the joint annual meeting of the Austrian and 1
Swiss Physical Societies. It gives an overview 3
of science education programmes and the
research thereon at CERN, as well as some
more personal thoughts on modern science
education in an international context.

CERN and its Mission’

The European Organization for Nuclear Research was
founded in 1954 by 12 European countries, among them
Switzerland; Austria joined five years later. The core of the
Organization is the Council, which also gave it the name:
Conseil Européen pour la Recherche Nucléaire — CERN.

Four missions were given to the new organisation, per-
forming fundamental research at the frontier of human
knowledge — especially in particle physics, development of
innovative technologies to pursue fundamental research,
international collaboration for the good of humanity, and ed-
ucation and inspiration for the future generations of scien-
tists, engineers, and the public at large. The latter mission
is at the core of this article and also rhymes well with goal
4 “Quality Education” of the UN’s Sustainable Development
Goals (SDQG) 2.

Outreach and Training Programmes at CERN

CERN is well known for outreach and training, the former
mainly through the experiments performed at CERN and
the outreach networks between the countries performing
particle physics research, the latter through a variety of pro-
grammes for students and graduates.

Outreach, which is also done by several entities at CERN,
seeks to inform the public about the activities of the lab and
the connected institutes. Part of this is done through publi-
cations and exhibitions, but there are also educational pro-
grammes, most notably the International Masterclasses ®
run by IPPOG “.

Training resp. professional development programmes vary
from internships, studentships, fellow placements, a large
catalogue of specific training programmes on technology,
safety, and leadership, to world-renowned graduate schools,
e.g. the CERN Accelerator School, the CERN School of
Computing, and several CERN Physics and Instrumenta-
tion Schools °.

Science Education

The question about what is “science education” has proba-
bly more answers than the number of science educators in

1 cf. https://home.cern/about/who-we-are/our-mission

2 http://sdgs.un.org/org

3 https://physicsmasterclasses.org/

4 https.//ippog.org/
5 https://indico.cern.ch/category/4147/

Europe, nevertheless a basic principle can be seen as the
basis: “Nature of Science” (NoS). The first definition of this |
found by Ernst Mach: “I have no doubt that if, somewhere in
the universe a creature organized like ourselves could make
observations it would perceive a universe working similarly
to that we ourselves describe.”® So, NoS is the scientific
method itself, without which we could not formulate science
correctly, reproducibly, and understandably. Teaching NoS
as the basis and conveying scientific results as examples
seems to me to be the best method of inspiring learners,
young and old, for science and technology at large. The
path to reaching everyone, which is the final goal, can be
followed differently. CERN’s approach(es) are listed here
below.

CERN’s Education Approaches

Fulfilling its mission, CERN strives to reach everyone with
its education programmes’. The basis being the short pro-
grammes on-site, educational introductions to various top-
ics, combined with visit programmes to where research
happens, guided by scientists and engineers, and hands-
on and minds-on experience in the education lab. The new
CERN Science Gateway, which will open its doors to the
public in October, offers exhibitions, large education labs,
as well as educational science shows for an audience from
3 years of age onwards.
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For those coming for longer stays, CERN offers own intern-
ship programmes 8, e.g. the High-School Students Internship
Programme (HSSIP), but also enables programmes togeth-
er with partners, e.g. Netzwerk Teilchenwelt® in Germany.
In addition to these programmes for individual students,
CERN successfully runs programmes for schoolteachers °

6 formulated 1886, quoted from Mach E., “The Guiding Principles of My
Scientific Theory of Knowledge and Its Reception by My Contemporaries”,
1910

7 http://feducation.cern

8 http://cern.ch/internship-portal

9 http://www.teilchenwelt.de

10 htip://teachers.cern



since 1998: international programmes in English as well as
programmes in various national languages. Currently, we
welcome in total around 1000 teachers each year in two
international programmes as well as up to 35 national ones.
Activating far more school students is

f "\ the Beamline for Schools Competition
"439?9““0,5 (BL4S) " with more than 300 teams of
o ’ 'O high-school students participating each

. year and three winning teams that get

to perform their own experiments at
CERN or DESY beamlines for two weeks each year. Every

year, more than 3000 people are activated to work on ex-
periments.
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Examples for low-cost education material developed at CERN

Still, only a fraction of the potential audience can come to
CERN, so the education team provides various resources
for teachers, school students, and the general public. These
resources range from virtual educational science shows and
online courses, via the presence at science fairs, to teach-
ing material for everyone. This low-cost material is designed
to convey modern physics through hands-on experience. All
programmes and material can be found at http://education.
cern.

Science Education Research

All programmes at CERN are developed resp. followed-up
scientifically in the education research team. Numerous
publications in national and international journals have been
published on a variety of subjects. This is made possible by
the significant contributions of doctoral students, that make
up much of the team, and the collaborations stemming from
the cooperation with universities in CERN’s Member States,
where the doctoral students have their scientific alma mater.

Material, labs, and learning activities are designed based on
research; key traits such as motivation and curiosity of our
audiences are researched together with our impact on them;
large-scale studies of curricula and expectations are per-
formed. An overview can be found on CERN’s PER site '2. In
addition, CERN is publisher for the multilingual international
journal “Progress in Science Education” (PriSE) *°.

11 http://cern.ch/blds

12 http://cern.ch/PER
13 https://e-publishing.cern.ch/index.php/prise/index

SPG Mitteilungen Nr. 71

Collaboration

A significant reach to fulfil the education mission is achieved
by collaborating with different associations, facilities, net-
works, and publications, on national as well as on interna-
tional scales.

Notably in Switzerland, we collaborate with the Swiss
Science Education Association (DiNat) '#, Schlerlabore
Schweiz, and the ScienScope ' of the University of Gene-
va. On an international scale, partners include the Europe-
an Physical Society (EPS) ¢, EIROForum with “Science in
School” 7, and the International Research Group on Phys-
ics Teaching (GIREP) ™.

Personal Remarks on Science Education

Following the request of the conference organ-
isers, please find here some personal remarks
on science education. Those do not represent
CERN’s position nor this of the Physics Education
Division of EPS, that | have the pleasure to chair.

To me, scientific education for the public at large,
starting from young learners is key to the future of
humanity on this planet, which is part of a universe
we seek and need to understand. Making this ed-
ucation more impactful using education research
seems to be the most promising approach. A fre-
quently asked question in this respect is what to
educate. One answer to that you can find above,
the scientific method, i.e. “nature of science”, but this ans-
wer should be complemented two-fold:

1. We need to teach competencies these days, not so
much skills as before, and even less pure knowledge
as at the time when | went to school. The former brings
a society forward, while the latter two are too vast now
to be taught exclusively.

2. The subjects, that in my mind are key in science educa-
tion today are

+ Education for Sustainable Development — near-
ly old already, but still not consistently present
throughout curricula,

+ Quantum Physics and its Applications — especially
the application part is not (yet) present in schools,

+ Radiation — at least trying to bust the myths per-
sisting around it, in order to have a clear under-
standing and not unfounded fear, and

+ Artificial Intelligence — not as a replacement of
natural intelligence but giving the world a founded
understanding of potentials and risks.

Education is key to sustainability, it is key to society, so let’s
all work together. My team and myself are open to your pro-
posals!

14 http://dinat.ch
15 http://scienscope.unige.ch

16 http://www.eps.org

17 htip://scienceinschool.org

18 htip.://girep.org
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