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across eleven EU-member countries, aiming to 
develop art-based creative approaches towards a 
more engaging science classroom [3]. The work-
shop design was informed by the creative peda-
gogical features established within CREATIONS 
[4], similarly to reference [5] which was devel-
oped in parallel.

The core idea is to bring particle physics in 
the dance studio. This encourages informal learn-
ing, avoids any student pre-conceptions regarding 
the science classroom, and allows for interdisci-
plinary connections to be made. Furthermore, it 
allows students to appreciate that dance is not 
only a means to express oneself in relation to 
feelings and emotions, but also to convey ideas, 
even on topics that are not usually perceived to 
be connected with dance. Thus, another bene�t of 
this approach, is the bridging of art and science 
subjects, that are currently disconnected in the 
school curriculum. For this reason, it is important 
that at the end of the workshop the students have 
a complete artistic creation, a �nal product that 
they could perform and discuss.

The workshop consists of two parts. In the 
�rst part, students learn about fundamental par-
ticles that make up matter and mediate interac-
tions, as well as about the Higgs boson. At this 
stage, students connect particles to dance through 
short choreographic movements, proposed by 
themselves, inspired by the particle properties, 
name, etc. In the second part students learn about 
particle interactions, scattering, pair-production 
and annihilation, and, in teams, produce a cho-
reography of an interaction. They are given com-
plete responsibility both for the development of 
the choreography and the choice of music.

During the workshop two main props are 
used:

 (a)  the �subatomic plushies� [6], a cloth model 
for each particle, used to provide a visual 
anchor to the discussions; and

 (b)  a deck of particle trump cards, one per par-
ticle, showing the particle name and basic 
properties [7].

For the initial implementation phase of the work-
shop, reported here, the main focus was on girls 
in Key Stage 3 (KS3), and more speci�cally year 
8 (12�13 years old), in the British education sys-
tem. Seven workshops were delivered in schools 
in the West Midlands area with up to 16 students 

per workshop and a total of approximately 110 
participating students.

3. Learning about the particles
Some students in KS3 may be familiar with 
the idea that matter is made out of atoms. 
However, it is very rare to �nd students that 
know the details of the atom consisting of a 
dense nucleus made of protons and neutrons, 
and electrons around them. At the beginning of 
each workshop, students sit in a circle on the 
�oor and each one is presented with a card, 
randomly drawn from a deck of particle trump 
cards. These cards, originally developed for the 
�particle physics in primary schools� workshop 
[7], present each particle and its properties in a 
simpli�ed manner, appropriate for the age of the 
students, and codify the interaction properties 
in terms of �likes� and �dis-likes� between the 
particles. At this stage 16 cards are used, repre-
senting the matter particles, interaction carriers, 
and the Higgs boson.

Subsequently, a model of the atom consist-
ing of �subatomic plushies� [6] is presented and 
following discussion about the atom consisting 
of a dense core of protons and neutron with elec-
trons orbiting around, the students are invited to 
�open� the proton and the neutron to �nd that they 
are made up of up- and down-quarks, along with 
gluons that keep them together.

Having completed this basic introduction 
with the atom, a discussion begins between the 
physicist and the students. The physicist intro-
duces one-by-one the particles of the Standard 
Model, and the students are asked one-by-one 
to read out loud the content of their the trump 
card, as the particles are being presented and the 
�plushies� are arranged in familes, as shown in 
�gure�1. For each particle, after the trump card is 
read, the physicist adds a funny or interesting fact 
about the particles on top of the description read 
out from the card, for example how they were dis-
covered, how they got their name, etc. The use 
of these trump cards was found to be very effec-
tive in engaging the students, as each of them has 
�their own particle�, and provides a natural oppor-
tunity for each student to add something to the 
discussion. Thus, it also acts as an ice-breaker, 
and allows for active participation in the ensuing 
discussions.
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Having introduced the particles of the 
Standard Model, a discussion which lasts for 
about 25 min including questions and answers, 
the warm-up begins. Each student holds a cloth 
model of a particle. Students start walking in the 
dance studio, changing direction freely, engaging 
in eye contact with their classmates. When two 
students simultaneously look at each other, they 
exchange their particles by throwing them to one 
another, an activity that links to particle interac-
tions in the microcosm. Progressively, walking 
becomes faster, almost running. Students are 
asked to move through space constantly being 
aware of the presence of the others. Eventually 
this includes jumps, change of levels, and balance 
exercises. The �plushie particles� in dance exer-
cises provide concrete support and a movement 
reference to the student who is warming up while 
playing. At the same time they provide an excuse 
for the students to interact with one another. The 
warm up ends in a circle with some stretching and 
exercises performed in tandem.

Following the warm up, the �rst exercise 
begins. Each particle is associated with a dance 
move, inspired by its name, its properties, or 
anything else that may have drawn the interest. 
Initially, the dancer provides a set of moves asso-
ciated to the particles, and subsequently each of 
the students in turn adds a move for the particle 
in their card. The students are asked to guess the 
particle, when the dance teacher is showing a 
move. The students succeed in guessing most of 
the particle moves, as they have read the particle 
identity cards in the beginning of the workshop. 
The teachers use simple, almost theatrical moves 
to embody the particles, and the students are 
encouraged to do the same. An example choreog-
raphy is given in �gure�2. When a student is hesi-
tant to propose a movement, the teachers take this 
unconsciously produced hesitant movement and 
put it into the choreography. The choreography is 
repeated with the dance teacher naming the par-
ticles at the beginning of every movement. This 
way the students assimilate the name, together 
with a body movement.

In this exercise, the primary role of the 
music is to support the developping choreogra-
phy. However, the presence of the musician and 
the interpretation of the evolving choreography 
through improvised music, adds another layer of 
dialogue, between the dancers and the musician. 

This way, the musician, seeing the evolving cho-
reograph, can add or propose surprise music 
elements that enrich, and potentially guide, the 
process. This way the imaginative space created 
between science, dance, and music is expanded.

4. Learning about anti-matter  
and particle interactions
In the second part, the students are introduced to 
the idea of anti-matter. The physicist demisti�es 
anti-matter: there is nothing mystical or apocry-
phal about it and it is routinely produced in cos-
mic ray collisions in the atmosphere and high 
energy particle colliders. The key element of par-
ticle annihilation is presented. This is very excit-
ing for the students, they show visible interest 
in the discussion, and they ask several questions 
trying to grasp the nature of these anti-matter 
particles, and the process of annihilation where 
photons appear where matter and the, respec-
tive, anti-matter particles meet. At this point also 
the notion of pair-production of particle is intro-
duced, and this, naturally, leads to the possibility 
of scattering between particles.

Subsequently, the students are split in teams, 
with each team tasked to produce a choreogra-
phy for a given interaction. Particle scattering is 
choreographed by a team of three students (two 
particles and a force carrier), the annihilation 
and subsequent pair production by a team of �ve 
students (particle and anti-particle in the initial 
state, force carrier, particle and anti-particle in 
the �nal state). A team of seven students may pro-
duce a choreography of the atom (three quarks, 

Figure 1. Introducing the particle of the standard 
model using a �plushie� for each particle. Photo credit: 
Dimitra Spathara.
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