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Reaching out to the world

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

B Scientific progress humanity’s shared intellectual achievement

2 Everyone should be given the opportunity to engage
2z Supported by public funds

B Decisions on pressing global issues
2 Informed decisions require a solid scientific base
® Today’s youth is tomorrow’s citizens and scientists
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Reaching out to the world

B Extraordinary progress in understanding the microcosm

2 Yet, we (partially) understand only ~5% of what makes up the universe!

B Scientific progress humanity’s shared intellectual achievement

2 Everyone should be given the opportunity to engage
2z Supported by public funds

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

® Today’s youth is tomorrow’s citizens and scientists

The brainy image of scientists and science careers puts many young people off

Over 80 per cent of young people in our surveys agreed that ‘scientists are brainy’. This
association influences many young people’s views of science careers as ‘not for me’. Students
who do not consider themselves as being among the ‘brainiest’ in the class are unlikely to

see science careers as achievable — even if they find science interesting and attain well in

the subject.
e
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Collaborators

lan Andrews Mairi Pardalaki

B Main motivations for the workshops

creatively embed scientific understanding

iInspire interest in particle physics

stimulate a “creative curiosity” about the world
B Circumvent/break stereotypes about science, scientists, and science education
B Design informed by creative pedagogical features of CREATIONS project

(http://creations-project.eu/ and https://sciartsedu.co.uk/)

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


http://creations-project.eu/
https://sciartsedu.co.uk/
http://creations-project.eu/
https://sciartsedu.co.uk/

The process

B Engage with artists through long-term collaborations
2z Grown organically out discussions, topics not predefined

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

B Engage students, largely replicating the process followed in engaging with the artists
2 Dispel “science is ‘not for me’ view
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Credit: Heidi Marier ¢ Credit: Heidi Marie

The Neutrino Passoire https://www.youtube.com/watch?v=X-5rkluNbLY
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Introducing particle physics
concepts through visual art

I Andrews' and K Nikolopoulos?

! In-Public, Community arts group, Birmingham, United Kingdom
2 School of Physics and Astronomy, University of Birmingham, B15 2TT, United Kingdom @
E-mail: k.nikolopoulos @bham.ac.uk CrossMark

Abstract

The development of a workshop using the language, techniques, and
processes of visual art to introduce particle physics concepts is described.
Innovative delivery methods committed to the interaction and collaboration
of different specialist areas are utilised, which—in curriculum terms—
encourages connections to be made between separate subjects to the benefit
of both. Beyond enhancing the understanding of the nature of the microcosm,
this approach aims to stimulate a ‘creative curiosity’ about the world.
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Abstract

The development of a workshop using the language, techniques, and
processes of visual art to introduce particle physics concepts is described.
Innovative delivery methods committed to the interaction and collaboration
of different specialist areas are utilised, which—in curriculum terms—
encourages connections to be made between separate subjects to the benefit
of both. Beyond enhancing the understanding of the nature of the microcosm,
this approach aims to stimulate a ‘creative curiosity’ about the world.

B A wide range of artistic techniques explored
» Drawing
2 Sculpture
» Performance art

B “Art school” experience
2 Activity inter-connection — Scientific concepts reinforced
2z Work and methods artistically/scientifically valid
2z Workshops beneficial for art students
® Art and Science on equal footing
2 Support for innovative curriculum design
2z Promoting inter-disciplinary collaborations

® Initial implementation focused on students aged 14-16
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Abstract

The development of a workshop using the language, techniques, and
processes of visual art to introduce particle physics concepts is described.
Innovative delivery methods committed to the interaction and collaboration
of different specialist areas are utilised, which—in curriculum terms—
encourages connections to be made between separate subjects to the benefit
of both. Beyond enhancing the understanding of the nature of the microcosm,
this approach aims to stimulate a ‘creative curiosity’ about the world.

2z Workshops beneficial for art students
® Art and Science on equal footing

2 Support for innovative curriculum design

Duration
Activity Description (min)
Discussion Standard Model particles 20
and interactions
Discussion Art-science collaborative 10
examples
Drawing Charcoal and putty rubber 45
exercise
b ” 1 Criti Reviewing the ‘ideas’ 15
. Art SChOOI eXperIenCe ritique Shi\gtewmg e ‘1deas
B T : : : Y : Drawin Pen and pencil exercise 20
2 Activity inter-connection — Scientific concepts reinforced  pivie  Experimontal mark 5
making exercise
Break
Discussion Open questions: dark 15
matter and dark energy
Sculpture ~ Materials manipulation 30
and light-box experiments
Perfor- Devise and film shadow 30
mance screen performance
Critique Reviewing the completed 15

» Promoting inter-disciplinary collaborations
® Initial implementation focused on students aged 14-16

‘ideas’ sheet and films
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Drawing: Charcoal

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

® Drawing exercises gradually more abstract
2 require greater contextualisation
B Explore collaborative drawing
2 Surrealists exquisite corpse
Z Students dislike someone else intervening
2 Discuss about collaboration
B Definition of drawing to extreme: “Glue guns”
2 mirroring experimental nature of visual art practice
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Sculpture

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

Y

B Each outcome placed on a single A1-sized “ideas” sheet
2z Complete artistic “product” being developed
2 Annotated with scientific explanations
2 Students take ownership

UNIVERSITYOF
BIRMINGHAM 15
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e 1

~ Critique

Credit: D. Spathara

B The “ideas” sheet becomes the focus of a series of group critiques
> Concludes with an overall critique of the complete body of produced work
2 Both artistic choices and scientific context is discussed

2 Further reinforce key concepts and dispel any misconceptions
B Parallels to the scientific seminar
2 Progress relies on scientists presenting, discussing, and improving their results
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B The “ideas” sheet becomes the focus of a series of group critiques
> Concludes with an overall critique of the complete body of produced work
2 Both artistic choices and scientific context is discussed

2 Further reinforce key concepts and dispel any misconceptions
B Parallels to the scientific seminar
2 Progress relies on scientists presenting, discussing, and improving their results
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Evaluation

® Evaluation of workshop using pre-/post-event questionnaires
® Following the event
2z ~80% of students declared an increased interest in physics
2z ~35% of students said they were more likely to study physics at university
2z ~20% among students not originally inclined to study physics
2z ~75% of students considered physics to be a more accessible subject,
» ~65% among students initially considering physics an accessible subject
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Particle dance: particle physics
in the dance studio

K Nikolopoulos'® and M Pardalaki’

United Kingdom

! School of Physics and Astronomy, University of Birmingham, B15 2TT, Birmingham,
2 Berdahi Company, Paris, France @

CrossMark
E-mail: k.nikolopoulos@bham.ac.uk

Abstract

A workshop using dance to introduce particle physics concepts to young
children is presented. The workshop is realised in the dance studio, the
children assume complete ownership of the activity and dance becomes the
means to express ideas. The embodiement of the physics concepts facilitates
knowledge assimilation, while empowering the students with respect to
science. Beyond the scientific and artistic benefits of this workshop, this
approach aspires to overcome the barriers between art and science; and open
new interdisciplinary horizons for the students.
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Particle dance: particle physics
in the dance studio

K Nikolopoulos'® and M Pardalaki’

! School of Physics and Astronomy, University of Birmingham, B15 2TT, Birmingham,
United Kingdom @

2 Berdahi Company, Paris, France
CrossMark

E-mail: k.nikolopoulos@bham.ac.uk

Abstract

A workshop using dance to introduce particle physics concepts to young
children is presented. The workshop is realised in the dance studio, the
children assume complete ownership of the activity and dance becomes the
means to express ideas. The embodiement of the physics concepts facilitates
knowledge assimilation, while empowering the students with respect to
science. Beyond the scientific and artistic benefits of this workshop, this
approach aspires to overcome the barriers between art and science; and open
new interdisciplinary horizons for the students.

® Core idea: particle physics in the dance studio
2 informal learning
2 avoid science classroom pre-conceptions
Z allow interdisciplinary connections
B Mutual benefits!
7 Students appreciate dance as means to express/convey ideas
® Bridging art and science subjects
2 currently disconnected in the curriculum
® Crucial that students have a complete artistic creation, that they can perform/discuss

B Initial implementation focused on girls aged 12-13
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Workshop Structure
F =\

Name: Electron Likes: Z, W+,
Surname: Lepton  W-, photon

- Credit: D. Spathara

B Standard Model particles
2 Students connect particles to dance with short choreographic movements, proposed by
themselves, inspired by the particle properties, name, etc
2 All movements combined in single choreography
B Anti-matter and particle interactions (scattering, pair-production and annihilation)
2z Teams of 3, 5, or 7 persons to choreograph an interaction
Z Students complete responsibility for choreography — including choice of music
2 Discuss collaborative aspects of research
B Finally, discuss physics beyond the Standard Model
2 Variable reactions: most excited and interested, some disappointed.
2 A student actually got upset, almost angry, not being able to accept the revelation!
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Video: D. Gayoso-Miranda

B 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/)
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Video: D. Gayoso-Miranda

B 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/)
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Credit: D. Spathara|

® Live music, and particularly students choosing the music, proved extremely powerful!
2 Cornerstone of students taking ownership of the choreography
2 In typical dance lesson students are given a song/piece of music to dance to
2 The workshop approach was ground-breaking for them
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Evaluation

® Workshops finish with round table
> feedback on workshop/suggestion for improvements

B Feedback also from dance teachers

® Overall, received feedback has been particularly encouraging
2 Students keen to respond — Striking difference with their reluctance at the beginning

B 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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Evaluation

® Workshops finish with round table
> feedback on workshop/suggestion for improvements

B Feedback also from dance teachers

® Overall, received feedback has been particularly encouraging
2 Students keen to respond — Striking difference with their reluctance at the beginning

B Excited about all the different particles and that they appear/disappear through interactions!
» Most thought atom is smallest division of matter

What does creativity in science means to you?(include yourself in the picture)
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Evaluation

® Workshops finish with round table
> feedback on workshop/suggestion for improvements

B Feedback also from dance teachers

® Overall, received feedback has been particularly encouraging
2 Students keen to respond — Striking difference with their reluctance at the beginning

B Excited about all the different particles and that they appear/disappear through interactions!
7z Most thought atom is smallest division of matter

What does creativity in science means to you?(include yourself in the picture)
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Evaluation

B Prior to event students had little idea of what it would involve
» Expressed surprise at how physics and dance came together so naturally!
2 They found the event different and unusual
B Excitement about the creative aspect
2 Collaboration noted too!
® Obtaining an “end product” combining both parts of the workshop proved crucial
2 Interleaving physics with dance beneficial for understanding
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Evaluation

B Prior to event students had little idea of what it would involve
2 Expressed surprise at how physics and dance came together so naturally!
2 They found the event different and unusual
B Excitement about the creative aspect
z Collaboration noted too!
® Obtaining an “end product” combining both parts of the workshop proved crucial
2 Interleaving physics with dance beneficial for understanding

| “| always thought it was just one |
| . I
| atom and there were just electrons |
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Evaluation

L it would involve
iIce came together so naturally!

éarts of the workshop proved crucial
or understanding

1t it was just one |
/ere just electrons |

But actually there |
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Thinking Skills and Creativity 31 (2019) 296-322

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

Contents lists available at ScienceDirect == THINKING SKILLS
N\
Thinking Skills and Creativity m
o=
journal homepage: www.elsevier.com/locate/tsc

Dialogue and materiality/embodiment in science|arts creative R
pedagogy: Their role and manifestation pes

K. Chappell™*, L. Hetherington®, H. Ruck Keene®, H. Wren®, A. Alexopoulos”’,
0. Ben-Horin®, K. Nikolopoulos®, J. Robberstad®, S. Sotiriou®, F.X. Bogner"

# Graduate School of Education, University of Exeter, St Lukes Campus, Heavitree Road, Exeter EX2 1LU, UK

® CERN, CH-1211 Geneva 23, Switzerland

© Western Norway University of Applied Sciences campus Stord, Hagskolen pd Vestlandet Campus Stord, Klingenbergvegen 4, 5414 Stord, Norway
4 School of Physics and Astronomy, University of Birmingham, B15 2TT Birmingham, UK

© Ellinogermaniki Agogi, Dimitriou Panagea Str., GR 153 51 Pallini Attikis, Greece

f University of Bayreuth, Centre of Maths & Science Education (Z-MNU), NW-1, D-95447 Bayreuth, Germany

B Explored interaction between science, arts and their inherent creativity to better understand
their teaching and learning potential
2 Focus: Dialogue and materiality/embodied activity manifestation within creative pedagogy
2 “Diffractive analysis”: series of research assemblages in response to arising questions

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

...gave the opportunity to shine a light on the topic from many dijjerent aiigles. This generated different reactions to the analysers, which
subsequently resulted to unexpected insights in the data — ones that were not anticipated. It is indeed a diffractive process, where beyond
letting the data unveil their own story, did actually change (to various extents) the way the analysers think. In modern physics, diffraction
occurs when a particle passes an obstacle through different slits, and results — by constructive and destructive interferences — to very

interesting — and insightful — patterns. It seems that our different backgrounds correspond to the different slits. (post-discussion document,
Kostas)

K. Nikolopoulos / ICHEP, 31 July 2020 / Creative science|arts pedagogies for the next generation of physicists 24


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

Summary

B Developed sciencelart workshops to introduce particle physics to students
2 Replicating the process used in working with artists
® Two strands:
2 Visual Arts
2z Dance
B 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
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Summary

B Developed sciencelart workshops to introduce particle physics to students
2 Replicating the process used in working with artists : . —_—

® Two strands: ft "I;he/worksho~p wés so good - everyone
' ' came away with a real buzz. From

> Visual Arts '“ conversations afterwards and watching i
2z Dance | them during the day, they all really enjoyed |
B Connections between the two disciplines teanké?gsr;zg'and it was lovely to see them so |

» Both given equal weight in the workshops!
® Positive outcomes

» Empowering students towards science!
® Awarded ERC Public Engagement with Research Award |

What | learned was

'b) not to stereotype our students who

\\\ [ 1, | proved they can cope with, and enjoy being |
CREATIONS er c | presented with, very challenging ideas
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~ Physicseducation

iopscience.org/physed

Picturing the invisible

Making sense of particle physics through art

Papers: Mercury, Pendulums  Frontline: Kahoot!
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