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Every March, thousands of high-school students across six 
continents spend a day as particle physicists. At the Dres-
den University of Technology in Germany, 17-year-olds anal-
yse collision data from one of CERN’s Large Hadron Collider 
experiments. On the same day at the University of São Pau-
lo, students work with data from a different Large Hadron  
Collider (LHC) detector. At the University of Constantine, Al-
geria, others explore entirely different physics, hunting for 
exotic particles in heavy-ion collisions. They are all taking 
part in the International Particle Physics Masterclasses,[1] a 
program organised by the International Particle Physics Out-
reach Group (IPPOG).[2] Students don’t just read about frontier 
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physics. They work with real research data, interpret genuine 
experimental evidence, and experience how modern science 
works: collaborative, cross-checked, global and thrilling.

What makes this possible?  
Open science. 
Thanks to open science, we live in a world where research 
outputs are increasingly freely available. 
Perhaps you have already encountered open science in your 
teaching, even without naming it. When you find a recent 
scientific paper and read it without hitting a paywall, that 
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This is a screenshot of the videoconference held at the end of an international masterclass on 14 March 2025, which connected 
student groups in Strasbourg, Prešov, Prague, Granada and São Paulo. On the left, you see the combination of the results that the 
student groups reached independently. 
Image courtesy of Uta Bilow (Dresden University of Technology)

https://physicsmasterclasses.org/index.php?cat=schedule&page=schedule_2026
https://physicsmasterclasses.org/index.php?cat=schedule&page=schedule_2026
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is open access at work. When you use a teaching resource 
from Science in School for your classroom, you are drawing 
on open educational resources. And when your students take 
their first steps in programming with Python, they are bene-
fiting from an open-source software.
What is new, and what makes the masterclass experience 
possible, is that the raw materials of research are becom-
ing more accessible. Nowadays, you can investigate many 
research outputs yourself. For example, European research 
organisations make the following available: The collision 
events from CERN’s LHC are available through the CERN 
open data portal;[3] ESO publishes data from its telescopes;[4] 
ESA maintains an open science catalogue for Earth obser-
vations,[5] ESRF and ILL release the experimental data from 
their facilities.[6] 
While this sounds great in theory, it must be acknowledged 
that real research data is very difficult to understand for any-
one not working with it on a daily basis. Without substantial 
work to break down the analysis steps, develop visualisation 
tools and explain the intricacies, the data would remain in-
accessible for educational purposes. 

Pillars of Open Science, UNESCO (2021)
Image: UNESCO, CC BY-IGO 3.0 

The masterclasses work because IPPOG members and the LHC 
experiments have invested years in developing and refining 
simplified event displays, age-appropriate analysis tasks and 
supporting materials that turn raw physics into something 
a 17-year-old can meaningfully engage within an afternoon. 
Open science provides the foundation, but the bridge from 
research data to classroom learning still needs to be built.

Where do you start? 
The good news is that there is a spectrum of resources which 
cater to a variety of audiences and educational backgrounds.

Open educational resources
The most accessible entry point is open educational resourc-
es. CERN’s Educational Resources database[7] offers a wide 
range of teaching materials for teachers and students alike, 
suitable for students as young as 5 years old. The collection 
includes short, hands-on activities such as analysing real re-
search data adapted for the classroom using pen and paper, 
or even building your own particle accelerator from scratch. 
At the other end, Digital Learning Modules and multi-episode 
YouTube courses cover particle physics in greater depth. You 
don’t need to become a particle physicist over the overnight 
to use these resources; you can browse, pick what fits your 
lesson, and adapt it freely.

Open data
Open data from the experiments at the Large Hadron Col-
lider (LHC) offers a step deeper into authentic research:[8–11] 

actual collision data from the LHC is accompanied by edu-
cational tools offering several levels of guidance. These in-
clude a visual event analyser[12] where students can inspect 
real collisions in their browser; a histogram analyser[13] where 
they can visualise aggregated data; a classroom app[14,15] that 
introduces the underlying physics; and full-fledged spread-
sheets[16] or Jupyter Notebooks[17,18] (see info box) that offer a 
glimpse into real research workflow. The graduated structure 
enables you to adapt the activity to both your students’ level 
and your own. Both the CMS and ATLAS collaborations have 
organised workshops on how to use their open data for edu-
cation. You can find much more information in the workshop 
materials.[19,20]

Jupyter
Jupyter Notebook is a web application that allows you to run 
easily interactive Python scripts, for example on a remote 
server. That means that there is no need to install software 
packages individually on everyone’s computer.

https://unesdoc.unesco.org/ark:/48223/pf0000379949.locale=en
https://creativecommons.org/licenses/by/3.0/igo/
https://educational-resources.web.cern.ch/
https://scienceinschool.org/article/2014/accelerator/
https://digital-learning-modules.web.cern.ch/pet-digital-learning-module/
https://educational-resources.web.cern.ch/solvay-online-physics-course/
https://educational-resources.web.cern.ch/solvay-online-physics-course/
https://jupyter.org/


3www.scienceinschool.org/article/2026/auto-draft/

Issue 79 – September 2026

Open hardware
Open science does not stop at data. For teachers willing to 
push further, there is open hardware. Hardware enthusiasts 
have developed ways to enable students to build a function-
ing silicon detector based on the same technology that sits 
at the heart of big particle detectors, and use it to detect cos-
mic rays or radioactive sources in the classroom.[21–24] Open 
hardware turns the traditional open science narrative on its 
head because, in this case, students are not consumers of 
research outputs, but also builders of the instruments which 
they can use to make their own observations.

At the University of Bonn, the local node of the German Netzwerk 
Teilchenwelt organises workshops where high-school students 
can build their own particle detectors and get familiar with building 
electronic components.[25] 
Image courtesy of Sebastian Laudage (University of Bonn)

ATLAS offers Jupyter Notebooks that anyone can run, for example using Binder or Google Colab, to recreate plots from open data that 
demonstrate the discovery of the Higgs boson.
Image courtesy of the ATLAS Open Data team; screenshot taken from https://github.com/atlas-outreach-data-tools/notebooks-collection-opendata/blob/mas-
ter/13-TeV-examples/uproot_python/HZZAnalysis.ipynb; licensed under GPL v3

https://github.com/atlas-outreach-data-tools/notebooks-collection-opendata/blob/master/13-TeV-exampl
https://github.com/atlas-outreach-data-tools/notebooks-collection-opendata/blob/master/13-TeV-exampl


4www.scienceinschool.org/article/2026/auto-draft/

Issue 79 – September 2026

Why is it important?
Why does any of this matter beyond the obvious appeal of a 
more engaging lesson? Open science is, at its core, a recog-
nition that the scientific process works best when it is trans-
parent, collaborative, and accessible.[25,26] When research 
data, methods and tools are shared openly, other scientists 
can verify findings, build on them, and spot errors faster.

For your students, this matters in a more direct sense. When 
they engage with real data and real tools and are asked to in-
terpret, defend and compare their findings rather than sim-
ply following a set of instructions, they are learning not only 
physics, biology or chemistry, but also what it means to do 
science, with all the uncertainty, iteration and collaboration 
that this entails.[27] They realise that science is not a finished 
body of knowledge handed down from textbooks, but rather 
a living, contested and evolving practice in which they can 
participate. This is a valuable lesson regardless of whether 
they pursue a scientific career.

Finally, I have a small request for anyone who tries any of 
the resources mentioned in this article or any other open 
resource. Good ideas need to be shared, and the people 
who develop open educational resources, open data tools 
or open hardware kits genuinely want to know if their work 
is being used in the classroom. If something works for your 
students – or, equally usefully, if it does not – let the pro-
viders know. Share what you tried on your school’s network, 
on social media (feel free to tag @CERN and the experiment 
if you use any of their resources), at a teachers’ conference 
or simply in the staff room over coffee. Reach out directly 
to the institutions behind the tools you used. A short email 
saying “I used your event display with a class of 16-year-olds 
and here is what happened” can be extremely valuable to a 
science communication team. Testimonials like this convince 
funders, decision-makers and other teachers that making 
research outputs available to schools is worth the consid-
erable effort. In that sense, any teacher who uses open re-
sources and talks about them publicly is contributing to the 
same movement that created them in the first place.
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Resources
	⦁ The International Particle Physics Outreach Group (IP-

POG) offers an educational resources database with a 
dedicated section on open science projects.

	⦁ Learn more about the science at CERN from its scientists 
in this multi-episode YouTube course.

	⦁ Learn how to use research articles in your science 
lessons: Ossevoort M, Koeneman M, Goedhart M (2012) 
Exploring scientific research articles in the classroom. 
Science in School 25: 36-40.

	⦁ Use simple materials like paper and string to visualise 
data in an engaging way: Lisotti A (2024) Tangible statis-
tics: cutting and weaving through data. Science in School 
70.

	⦁ Teach evolution and biochemistry with online biological 
databases: Tenorio G (2014) Using biological databases to 
teach evolution and biochemistry. Science in School 29: 
30–34.

	⦁ Discover the Education corner on the Eurostat website to 
teach your students about statistics: Brondino R, Macchia 
G (2023) Eurostat’s Education corner: your key to Europe-
an statistics. Science in School 65.

	⦁ Explore what satellite data can tell us about gases, such 
as nitrogen dioxide, in our atmosphere: ESA Education 
(2026) Eyes in the sky: tracking air pollution with satel-
lites. Science in School 76.

	⦁ Learn how the Hertzsprung-Russel (H-R) diagram helps 
us trace the life stories of stars: Muffy U (2026) A map of 
the stars. Science in School 76.

	⦁ Dive into the European Atlas of the Seas and find a 
user-friendly, interactive educational tool on the ocean: 
Van Isacker N (2023) The European Atlas of the Seas: an 
interactive tool for ocean literacy. Science in School 61.
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