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Reaching out to the world

K. Nikolopoulos / ICHEP, 31 July 2020 / Creative science|arts pedagogies for the next generation of physicists

 Extraordinary progress in understanding the microcosm 
 Yet, we (partially) understand only ~5% of what makes up the universe! 

 Scientific progress humanity’s shared intellectual achievement 
 Everyone should be given the opportunity to engage 
 Supported by public funds 

 Decisions on pressing global issues 
 Informed decisions require a solid scientific base  

 Today’s youth is tomorrow’s citizens and scientists



https://www.kcl.ac.uk/ecs/research/aspires/
aspires-final-report-december-2013.pdf
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 Main motivations for the workshops 
 creatively embed scientific understanding 
 inspire interest in particle physics  
 stimulate a “creative curiosity” about the world 

 Circumvent/break stereotypes about science, scientists, and science education 
 Design informed by creative pedagogical features of CREATIONS project  
(http://creations-project.eu/ and https://sciartsedu.co.uk/)

http://creations-project.eu/
https://sciartsedu.co.uk/
http://creations-project.eu/
https://sciartsedu.co.uk/
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 Engage with artists through long-term collaborations 
 Grown organically out discussions, topics not predefined 

 Engage the public 
 Three-way discussion: public, artists, and scientists  

 Engage students, largely replicating the process followed in engaging with the artists 
 Dispel “science is ‘not for me’” view
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[…] it became apparent that despite 
obvious differences both specialisms are 

concerned with making the invisible, 
visible. Scientific developments have seen 

the ‘everyday’ dissolve into sub-atomic 
interactions only accessible by examining 

traces left in an enabling medium. A 
process mirrored by the artist expressing 
thoughts, emotions and insights through 
marks made and materials manipulated.
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https://www.thesketchbookandthecollider.com/
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Credit: Greg Milner Credit: Greg Milner

Credit: Heidi Marier Credit: Heidi Marier

The Neutrino Passoire https://www.youtube.com/watch?v=X-5rkIuNbLY

https://www.youtube.com/watch?v=X-5rkIuNbLY
https://www.youtube.com/watch?v=X-5rkIuNbLY
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1. Introduction
The discovery of the electron by Thomson in 
1897 [1] inaugurated an era of discoveries and 
ever deeper understanding of the inner workings 
of the microcosm. This culminated, 115 years 
later, in the Higgs boson discovery that completed 
the Standard Model of particle physics. Presently, 
as in the time of Thomson, there are several open 
questions that require an experimental break-
through to be answered.

With this intellectually stimulating state of 
affairs the ability of visual arts to engage and 
express could ignite the curiosity of a younger 
audience in particle physics, independently of 
any studies they may pursue in the future. This 
was con!rmed by the authors during an artistic 
collaboration culminating in the exhibition ‘The 
Sketchbook and the Collider’ [2], where it became 
apparent that despite obvious differences both 
specialisms are concerned with making the invis-
ible, visible. Scienti!c developments have seen 
the ‘everyday’ dissolve into sub-atomic interac-
tions only accessible by examining traces left in 
an enabling medium. A process mirrored by the 
artist expressing thoughts, emotions and insights 
through marks made and materials manipulated.

2. Workshop development
A main motivation for the workshop is to cre-
atively embed scienti!c understanding, inspire 
interest in particle physcis, and stimulate a ‘cre-
ative curiosity’ about the world. In parallel, it is 
important that the work produced and methods 
involved are artistically valid and that the work-
shops would prove bene!cial for students study-
ing art, providing potential coursework with only 
limited additions to the work produced during 
the day. Thus, connections between the separate 
subjects are encouraged and support is provided 
for innovative curriculum design, promoting 
inter-disciplinary collaborations. The experience 
comprises a range of methods and materials used 
in current !ne art education at !rst-year degree 
level. The design was further informed by the cre-
ative pedagogical features [3] established within 
the CREATIONS project [4].

In terms of physics, the aspiration is for the 
students to understand basic concepts regarding 
research in particle physics and the structure of 
the microcosm. Speci!cally, that knowledge is 
acquired through experiments, where particles 
interact in the detector sensitive material and the 
information is used to construct images that are 
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 A wide range of artistic techniques explored 
 Drawing 
 Sculpture  
 Performance art 

 “Art school” experience  
 Activity inter-connection → Scientific concepts reinforced 
 Work and methods artistically/scientifically valid  
 Workshops beneficial for art students 

 Art and Science on equal footing 
 Support for innovative curriculum design 
 Promoting inter-disciplinary collaborations 

 Initial implementation focused on students aged 14–16
© 2018 IOP Publishing Ltd1
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and bubble chamber images, showing the trails of 
particles and the debris of particle interactions, 
students embark on visualisation drawing exer-
cises. These have a traditional starting point, and 
gradually become experimental.

4.1. Charcoal

A charcoal ground is laid across the surface of a 
sheet of paper, as shown in !gure 1. Putty rubbers 
are then used to draw into the charcoal ground 
removing the charcoal and creating white marks 
on the dark paper surface. In this context it repre-
sents the particle interaction with the substance 
of the detector through which the particle traces 
become visible. The idea of using interaction to 
make visible the invisible is fundamental.

This is a traditional technique, encourag-
ing consideration of the whole visual !eld when 
working on a composition. Students are encour-
aged to consider overlapping the trails to enhance 
the understanding that particles move and interact 
in all three spatial dimensions, while the obtained 
images show a two-dimensional projection of 
these events.

The laying down of the charcoal ground can 
also be used, depending on the scienti!c level of 
the students involved, as a reference to the Higgs 
!eld that is present everywhere in the universe, 
even in empty space: the zero of white paper 
replaced with a surface of grey charcoal.

This exercise is followed by a critique 
where students are encouraged to discuss the 
artistic choices made in relation to the scien-
ti!c context. This is an opportunity to point out 
marks that may closely resemble speci!c events 
as if they were actual bubble or cloud chamber 
images [7]: (a) an incoming beam of particles; (b) 
‘vees’ from the decay of a neutral massive parti-
cle; (c) ‘kinks’ when a charged particle decays; 
(d) electron-positron pair production from a high 
energy photon; (e) production of δ-electrons, seen 
as trails perpendicular to a main track; (f) infer-
ing the direction of particles from the changing 
radius of repeated circles, as the particle losses 
energy; and (g) ‘!ducial’ marks on the chamber 
walls, with accurately known positions, that are 
essential for event reconstruction. Depictions that 
would lead to violation of fundamental physics 
laws, e.g. conservation of the electric charge, are 
identi!ed and discussed. This enhances the visual 

equivalence between the artistic outcome and par-
ticle physics experiment.

4.2. Pen and pencil

The next set of exercises are more demanding 
artistically because they relinquish traditional 
skills, move towards abstract thinking, and 
require greater contextualisation.

The increase in attractive force between 
two quarks as they are separated is explored by 
drawing against the restrictive properties of an 
elastic band wound around the pencil and other 
hand. This exercise is expanded by students using 
different colours to further express the increase 
in attraction and the use of more than one pen 
gripped in the hand whilst drawing. Discussion 
takes place regarding ‘colour’ as the property, 
charge, that makes particles interact through the 
strong interaction. Pencils, coloured pencils, and 
felt tip pens are the most appropriate media in this 
case. Examples of the work produced are shown 
in !gure 2.

A collaborative approach to drawing is 
employed in this next exercise, exploring the idea 
of particles interacting, decaying, and transform-
ing. Students create a drawing in a short time, 30 
s or less, and then pass it to a neighbour who must 
respond in an equally short time period. The stip-
ulation is that each participant must begin their 

Table 1. Physics and visual art workshop lesson plan.

Activity Description
Duration 
(min)

Discussion Standard Model particles 
and interactions

20

Discussion Art-science collaborative 
examples

10

Drawing Charcoal and putty rubber 
exercise

45

Critique Reviewing the ‘ideas’ 
sheet

15

Drawing Pen and pencil exercise 20
Drawing Experimental mark  

making exercise
15

Break
Discussion Open questions: dark 

matter and dark energy
15

Sculpture Materials manipulation 
and light-box experiments

30

Perfor-
mance

Devise and !lm shadow 
screen performance

30

Critique Reviewing the completed 
‘ideas’ sheet and !lms

15
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CloudyLabs: https://www.youtube.com/watch?v=ZiscokCGOhs
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Drawing: Charcoal
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π→µv 
       ↳evv

Students not shown anything similar
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Drawing: Pen&Pencil/Experimental Mark Making

K. Nikolopoulos / ICHEP, 31 July 2020 / Creative science|arts pedagogies for the next generation of physicists

IMG_8340

 Drawing exercises gradually more abstract 
 require greater contextualisation 

 Explore collaborative drawing  
 Surrealists exquisite corpse 
 Students dislike someone else intervening 

 Discuss about collaboration 
 Definition of drawing to extreme: “Glue guns” 

 mirroring experimental nature of visual art practice
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Sculpture
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Credit: D. Spathara Credit: D. Spathara
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Shadow Screen Performance
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Shadow Screen Performance
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“Ideas” sheet
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 Each outcome placed on a single A1-sized “ideas” sheet  
 Complete artistic “product” being developed 
 Annotated with scientific explanations 
 Students take ownership  
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Critique
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Credit: D. Spathara

 The “ideas” sheet becomes the focus of a series of group critiques  
 Concludes with an overall critique of the complete body of produced work  
 Both artistic choices and scientific context is discussed 
 Further reinforce key concepts and dispel any misconceptions 

 Parallels to the scientific seminar 
 Progress relies on scientists presenting, discussing, and improving their results

Credit: D. Spathara
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 The “ideas” sheet becomes the focus of a series of group critiques  
 Concludes with an overall critique of the complete body of produced work  
 Both artistic choices and scientific context is discussed 
 Further reinforce key concepts and dispel any misconceptions 

 Parallels to the scientific seminar 
 Progress relies on scientists presenting, discussing, and improving their results

Art term
 for sem

inar!

Credit: D. Spathara
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feedback was requested from the teachers accom-
panying the students. Discussing physics through 
visual arts, led to an increased interest in phys-
ics for four out of !ve students. Approximately 
35% of the students found it more likely to study 
physics at university after this event, while this 
fraction was 20% among students that were not 
originally inclined to study physics. Finally, after 
the workshop three quarters of the students con-
sidered physics to be a more accessible subject, 
including 65% of students that initially did not 
consider physics an accessible subject.

9. Discussion and future directions
The experience and feedback acquired during 
the pilot implementation phase is being re"ected 
upon to improve the workshop and plan the roll-
out of a streamlined version aiming to reach a 
larger audience. This could be achieved by imple-
mentation at schools through collaboration of sci-
ence and art teachers, potentially through teacher 
training sessions.

The materials used are readily available, 
with the crucial point being the imagination with 
which the materials are used, while the use of 
more complex, expensive, and dif!cult to obtain 
materials is likely to reduce the effectiveness of 
the workshop, as the cost becomes a prohibiting 
factor. A possible exception is the !lm editing 
which was done by the artist, and in the future by 
the art teacher, involved, with the students advis-
ing on what !lters and effects they think are most 
appropriate. All of these activities require the 

participants to use the clues given by the exercise, 
e.g. the restrictive nature of the elastic band, and 
to make marks suggested by the forces involved.

The workshop includes several strands of vis-
ual arts to maximise the probability that each stu-
dent will !nd inspiration. However, each of these 
activities, appropriately expanded, could form a 
separate workshop. This preserves the art school 
experience and has the added bene!ts of increas-
ing the involvement of each student with a given 
art form, deploying more advanced techniques, 
maximising learning time, and allowing for the 
creation of more complete artworks. For exam-
ple the sculpture activitity could be expanded 
by introducing additional materials and using 
larger areas, while keeping some links to drawing 
through a preceding activity, as initial exploration 
and design thinking prior to making. The shadow 
screen performance activity could be extended 
by involving design drawing and storyboarding 
prior to the production of the performance itself. 
Provided suf!cient resources are available, the 
editing could become a singi!cant feature, done 
by the students themselves.

Although the workshop was initially focused 
on KS4 students, with minimal changes it can 
be addressed to older or younger students, and 
to larger class sizes without loss of its distinc-
tive features. For younger participants, for exam-
ple, developing the sculptural unpacking into 
a form of ‘pass the parcel’ could be used as an 
interactive, fun element whilst emphasising the 
unwrapping or splitting of the particles down to 
their elementary constituents. At the same time a 

Figure 7. Word cloud of the students’ response to the question: ‘Describe one thing that you learnt today’.

Phys .  Educ .  53  (2018)  054001
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Evaluation
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Describe one thing that you learnt today 

 Evaluation of workshop using pre-/post-event questionnaires  
 Following the event 

 ~80% of students declared an increased interest in physics 
 ~35% of students said they were more likely to study physics at university 

 ~20% among students not originally inclined to study physics 
 ~75% of students considered physics to be a more accessible subject,  

 ~65% among students initially considering physics an accessible subject
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1. Introduction
The 2015 Nobel Prize in physics was awarded 
‘for the discovery of neutrino oscillations, which
shows that neutrinos have mass’ [1]. This was the
starting point of a fruitful collaboration between 
the authors, a deeper look at the respective prac-
tices and exchange of ideas, that culminated in the 
‘Neutrino Passoire’ performance [2]: following
the elusive and omnipresent neutrinos, from their 
birthplace in the Sun, travelling through space 
and oscillating between !avours imperceptibly. In 
this journey, the neutrinos transverse matter, the 
Earth, our bodies, continuing unimpeded. This 
provides for the opportunity to explore the idea 
that the human body is not a fortress as one might 
think; it is rather perceived as a sort of passoire, 
the french word for colander, letting neutrinos 
pass through without trauma or memory of the 
event itself. From that point on, the performance 
naturally questions notions particularly prevalent 
in the public discourse and leaves it to the audi-
ence to provide answers.

The performance was presented for the "rst 
time at the University of Birmingham Arts and 

Science Festival 2016, and in several venues 
since. An extended version was presented at the 
Midlands Arts Centre in March 2018, while the 
"nal version of the performance was presented in 
Paris in October 2019. The overwhelmingly posi-
tive feedback received from the audience com-
pelled the authors to go beyond the performance by 
taking particle physics in the dance studio, allow-
ing school students to approach the subject matter 
through an experiential approach. This mirrors, to 
a large extent, the process followed by the authors 
during the development of the performance.

Through the ‘Particle Dance’ workshop, we
aspire to make particle physics more accessible, 
support students in developing self-con"dence in 
relation to science and research, and generate an 
interest in science, as an inherently creative subject, 
that would persist for a long time after the workshop.

2. Workshop development
The ‘Particle Dance’ workshop was developed,
initially, as part of the CREATIONS project, a 
Horizon 2020 support and coordination action 
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 Core idea: particle physics in the dance studio 
 informal learning 
 avoid science classroom pre-conceptions 
 allow interdisciplinary connections 

 Mutual benefits! 
 Students appreciate dance as means to express/convey ideas 

 Bridging art and science subjects 
 currently disconnected in the curriculum 

 Crucial that students have a complete artistic creation, that they can perform/discuss 
 Initial implementation focused on girls aged 12–13

arXiv:1912.11128
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Learning through playing

� Use of fluffy toys to visualise
the particles

� Card games to familiarise
with the particle families 

� Freedom of choice on 
creative ways to express 
ideas

7 July 2018 Francesco Gonnella - University of Birmingham 4

 Standard Model particles 
 Students connect particles to dance with short choreographic movements, proposed by 
themselves, inspired by the particle properties, name, etc 
 All movements combined in single choreography 

 Anti-matter and particle interactions (scattering, pair-production and annihilation) 
 Teams of 3, 5, or 7 persons to choreograph an interaction 
 Students complete responsibility for choreography  → including choice of music 
 Discuss collaborative aspects of research 

 Finally, discuss physics beyond the Standard Model 
 Variable reactions: most excited and interested, some disappointed.  
 A student actually got upset, almost angry, not being able to accept the revelation!

Credit: D. Spathara
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 Following the discussion and the first exercise, students were able to re-assemble 
the Standard Model using the “sub-atomic particle plushes” (https://www.particlezoo.net/)

Video: D. Gayoso-Miranda

https://www.particlezoo.net/
https://www.particlezoo.net/
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Credit: D. SpatharaCredit: D. Spathara

 Live music, and particularly students choosing the music, proved extremely powerful!  
 Cornerstone of students taking ownership of the choreography 
 In typical dance lesson students are given a song/piece of music to dance to  
 The workshop approach was ground-breaking for them
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 Workshops finish with round table 
 feedback on workshop/suggestion for improvements 

 Feedback also from dance teachers 
 Overall, received feedback has been particularly encouraging 

 Students keen to respond → Striking difference with their reluctance at the beginning 
 Excited about all the different particles and that they appear/disappear through interactions! 

 Most thought atom is smallest division of matter
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What does creativity in science means to you?(include yourself in the picture)
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 Prior to event students had little idea of what it would involve 
 Expressed surprise at how physics and dance came together so naturally!  
 They found the event different and unusual 

 Excitement about the creative aspect  
 Collaboration noted too! 

 Obtaining an “end product” combining both parts of the workshop proved crucial 
 Interleaving physics with dance beneficial for understanding
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“I always thought it was just one 
atom and there were just electrons 
going around it. But actually there 

is so much more to it!”
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 Explored interaction between science, arts and their inherent creativity to better understand 
their teaching and learning potential 

 Focus: Dialogue and materiality/embodied activity manifestation within creative pedagogy 
“Diffractive analysis”: series of research assemblages in response to arising questions 

 Personally found the process very interesting. Never done something similar before!  
 Many insights and new questions!

https://www.sciencedirect.com/science/article/pii/S1871187118302293

https://www.sciencedirect.com/science/article/pii/S1871187118302293
https://www.sciencedirect.com/science/article/pii/S1871187118302293
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Summary
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 Developed science|art workshops to introduce particle physics to students 
 Replicating the process used in working with artists 

 Two strands: 
 Visual Arts 
 Dance 

 Connections between the two disciplines 
 Both given equal weight in the workshops!  

 Positive outcomes 
 Empowering students towards science! 

 Awarded ERC Public Engagement with Research Award

Credit: D. Spathara



25

Summary

K. Nikolopoulos / ICHEP, 31 July 2020 / Creative science|arts pedagogies for the next generation of physicists

 Developed science|art workshops to introduce particle physics to students 
 Replicating the process used in working with artists 

 Two strands: 
 Visual Arts 
 Dance 

 Connections between the two disciplines 
 Both given equal weight in the workshops!  
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The workshop was so good - everyone 
came away with a real buzz. From 
conversations afterwards and watching 
them during the day, they all really enjoyed 
taking part and it was lovely to see them so 
engrossed! 
What I learned was  
a) the power of getting pupils to visualise 
new and complex ideas in different ways 
and  
b) not to stereotype our students who 
proved they can cope with, and enjoy being 
presented with, very challenging ideas 
away from the exam system Teacher feedback
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