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[bookmark: _Toc]Introduction / Demonstrator Identity
[bookmark: _Toc1]Subject Domain
Particle Physics
[bookmark: _Toc2]Type of Activity
Session 1: University-based workshop
Session 2: University-based workshop
[bookmark: _Toc3]Duration
Session 1: 2 hours 30 mins
Session 2: 1 hour 30 min (including 30min critique / Q&A)
[bookmark: _Toc4]Setting (formal / informal learning)
Session 1: 
· Starting formally with introductory talks followed by informal monitored student artistic activity and discussion.
Session 2:
· Begins formally with brief presentation on personal development of ideas. Followed by informal monitored student artistic activity and concluding in a formal 30 minutes critique and Q&A session.
[bookmark: _Toc5]Effective Learning Environment
· Arts-based: the discovery of the properties of the particles through the study and use of fine art techniques and approaches is a creative approach to learning (Session 1).  Developing your own Fine art approach based on session 1 with the potential of working collaboratively in groups. Referencing both increasingly common fine art practice and the necessity collaboration required in particle physics. (Session 2).
· Dialogic space / argumentation: through questioning and dialog the students are allowed to express their views regarding scientific research and explain their choices regarding their own fine art work or discuss the choices of the artists. 
· Communication of scientific ideas to other participants through Fine art techniques and approaches: the workshop also allows for the modern scientific ideas of particle physics to be shared with a wider audience through the online platforms and the dissemination of artwork and documentation back at the school community. Indeed the work could form the basis of further developments culminating in an exhibition to which parents are invited.
[bookmark: _Toc6]Rational of the Activity / Educational Approach

[bookmark: _Toc7]Challenge 
Students and young people hear on the news about the recent discoveries in the area of particle physics and this creates curiosity about the subject and a series of questions on the world of particles. 
This demonstrator addresses the identified need to bridge the gap between the latest scientific breakthroughs and the public of, effectively all ages, in an easy and accessible way. This will satisfy and feed their curiosity at an early stage with the hope it will be sustained in future years.
[bookmark: _Toc8]Added Value
Session 1: The topic of particle physics is introduced via the curriculum only at the last two years of  school study in the UK (ages 17-18). Younger audiences are equally curious about what matter is made of. Students learn modern concepts of particle physics and how particle physicists work to reveal the hidden structure of nature. This enhances their understanding of
• How science works
• How the particles change from one another, somewhat like changing personalities.
• How particle physicists “see” the seemingly invisible
It also allows them to experience science in a fun and less daunting way. Students have the possibility of interacting with scientists and artists at all time throughout the workshop.

Session 2: The topic of particle physics comes repeatedly at the news, and even more mature students or young adults have many questions about what this is all about. The students have the possibility of interacting with scientists and artists through an open questions session after the workshop and obtain responses to all possible questions they may have.
[bookmark: _Toc9]Learning Objectives 
[bookmark: _Toc10]Domain specific objectives
The main objectives of the workshop are:
· That matter is made up of elementary particles which form large entities, for example protons and neutrons, and eventually atoms
· To understand that we cannot see the elementary particles, but particle physicists have invented ways of detecting them
· To learn about the Large Hadron Collider  (LHC) at CERN as a  “motorway” where particles are accelerated to reach very high speeds
· To learn that through such experiments physicists found out 3 families of particles and the corresponding antimatter ones.
· To appreciate some of the characteristics and properties of the elementary particles, and understand that these “seemingly” mysterious behaviours have been studied in detail by scientists.
· To have some idea of how particles interact to create new particles.
[bookmark: _Toc11]General skills objectives
· Break stereotypes (Session 1 & 2) on how scientists look and behave
· Demystify science and scientists (Session 1 & 2)
· Bridge the gap between students and the public, in general, and scientists (Session 1 & 2)
· Open a channel for dialogue students/public-scientists (Session 1 & 2)
· Interdisciplinary: between science and arts (Session 1 & 2)
· Communication skills (Session 1 & 2)
· To use creative approaches and playful experimentation to help access complex Scientific ideas  (Session 1)
· To work with other students who they do not necessarily know, to reach a common target (Session 1), i.e. team building, which reflects how scientists work today.
[bookmark: _Toc12]Demonstrator characteristics and Needs of Students
[bookmark: _Toc13]Aim of the demonstrator
To explain recent developments in science, and in particular the mysterious world of particle physics using fine art techniques and approaches and exploring the connections between fine art and particle physics. This way science is presented in a more attractive way to students then they can see connections between disparate disciplines. The Q&A session aims to create an open channel of discussion student/public-scientist. Students learn by IBSE model to explain science in their own way. Furthermore, the demonstrator aims to satisfy the curiosity of younger students, and show them that asking questions is an important part of science investigation. 
[bookmark: _Toc14]Student needs addressed
· Learn science in a more attractive way (Session 1 & 2)
· Satisfy curiosity (Session 1 & 2)
· Role model, students see a real scientist and fine artists. (Session 1 & 2)
· Possibility to express their worries and questions about science career, scientists and also developments in science. (Session 1 & 2)
· Capacity to communicate science (Session 1)
·  Experimentation, playing and interaction with others (specialists, other students) (Session 1 & 2)
· Engaging in fun group activities that has a clear educational purpose (Session 1 & 2)
· Freedom of expression to choose their preferred way of creating artistic responses (Session 1)
· Ability to see the connections between disparate disciplines, in this case between fine art and particle physics. Learning to look beyond artificial barriers between subjects.
[bookmark: _Toc15]Learning Activities & Effective Learning Environments 
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	Science topic:
Particle Physics 

(Relevance to national curriculum)
Particle Physics not in the curriculum for these ages. 
Class information: Year 11 
Age range: 15+
Sex: both
Pupil Ability: all inclusive
	Materials and Resources
What do you need?
Session 1:
· Introductory power point presentation on particle physics
· Introductory PowerPoint on fine Art.
 
Materials for initial drawings session, activity rota and personal development session.

 Box of charcoal x 8 boxes
 Box of pencils 4B x 5 boxes
 20 putty erasers 
 Pencil sharpeners x 8
 Felt tip pens fat ones black x 5 packs
 Masking tape 3 rolls wide
 A1 paper, 20 sheets Canford 150gm
 Air drying clay 500gm x 15
Glue guns x5 + black glue sticks x 10 pks
Scissors x 5 
Pliers for cutting the wire x 5
 
Digital projector:
 Required for PowerPoint presentations
Lights:
Possibility to eliminate day light for the shadow screen    experimentation. Artists will prepare a paper screen on which the shadows will be cast prior to the commencement of the session.
Overhead projector:
Not digital! Portable old-fashioned overhead projector with the lit flat screen and lens for casting shadows and projecting items placed on the screen.
Extension leads will be necessary to enable safe working of lights and glue guns

Where will the learning take place? 
University or appropriate space at school
Health and Safety implications? Glue guns will be hot. Students will need to be mindful. Activity will be supervised.
Technology?  As detailed above.
Teacher support? Yes. Student encouragement as necessary

	Prior pupil knowledge: none

	Individual session project objectives: 
By the end of the first session the students should be able to appreciate that the various particles have different properties, and that they can change from one to another either via interactions or through more subtle quantum effects. Furthermore, they will appreciate the many different scales involved, the elementary tiny neutrinos, to the earth, to the sun, to the universe. That things are not what they seem and others are not visible at all: solid masses are constantly penetrated by much smaller ones; our eyes are not the only witnesses of the world; that however far the particles are from the human condition, we can still try to interpret them and to be inspired by them. Their curiosity to explore the mysterious world of particles should be boosted, and through the questions and answer to the physicists should be guided to further exploration.
During the second session students will be been given the opportunity to develop personal ideas and match them to appropriate artistic techniques necessary for their expression. They will be able to appreciate some of the subtleties of the quantum world, and how particles interact or change from one to another. They will also be able to work collaboratively to develop ideas and approaches as part of a team. The final Q&A session is important, not only to support their personal creativity, but also to ensure evidence-based understand and clear-up possible misconceptions.

	Assessment
Formal Q&A at the end of each session and discussion ongoing throughout the workshop.
Formal critique for the last 30 minutes.
	Differentiation
In Session 1 (Drawing & Rota of activities) students Will have the opportunity to develop their own ideas within the prescribed experimentation.
In Session 2 the students will suggest their own ideas for further development and through tutorials match it to an appropriate method/ technique. There will be an opportunity to work collaboratively in small groups at this point.
	Key Concepts and Terminology
Terminology:
Science:
Particle physics, neutrinos, quarks, leptons, bosons, matter, antimatter, Higgs boson, photons, mass, Big Bang, the Sun, Oscillations of Neutrinos

Fine Art:
Fine art practice, Mark making, Tonal development, Quality of line, Visual field, ground, drawing, sculpture, mixed media, Lens–based recording, performance art, collage, assemblage, found objects, figurative/ abstract, site specific.
 

	Session Objectives:
During this scenario, students will deepen their understanding of scientific concepts using their creativity, imagination and freedom of expression.

	Learning activities in terms of CREATIONS Approach

	IBSE Activity
	Interaction with CREATIONs Features
	Student
	Teacher
	Potential arts activity

	Phase 1:
QUESTION: students investigate a scientifically oriented question
	Students pose, select, or are given a scientifically oriented question to investigate. Balance and navigation through dialogue aids teachers and students in creatively navigating educational tensions, including between open and structured approaches to IBSE. Questions may arise through dialogue between students’ scientific knowledge and the scientific knowledge of professional scientists and science educators, or through dialogue with different ways of knowledge inspired by interdisciplinarity and personal, embodied learning.  Ethics and trusteeship is an important consideration in experimental design and collaborative work, as well as in the initial choice of question.  
	Session1:
Engage with teacher’s questions. Watch power point presentation.
Engage with introductory drawing and rota of experimental artistic activities.

Session2: Students to develop a personal approach possibly involving collaborative activity. 

	 Will use challenging questions and the web (images, videos) to attract the students’ interest in particle physics.
	Session 1: introductory drawing activity followed by a rota of experimental artistic approches. Introducing the fina art disciplines of drawing (2D), sculpture, (3D) and Lens-based recording. 
Session 2:
Students are able to develop a more personal approach to artwork. Encouraging a mixed media approach and providing the opportunity to work collaboratively in small groups. 

	Phase 2: 
EVIDENCE: students give priority to evidence
	Students determine or are guided to evidence/data, which may come from individual, collaborative and communal activity such as practical work, or from sources such as data from professional scientific activity or from other contexts. Risk, immersion and play are crucial in empowering pupils to generate, question and discuss evidence.
	
Students 
Compare their 
ideas to 
existing 
evidence. 
	Guide 
students to 
relevant 
evidence
	Session 1: introductory drawing activity followed by a rota of experimental artistic approches. Introducing the fina art disciplines of drawing (2D), sculpture,(3D) and Lens-based recording. 
Session 2:
Students are able to develop a more personal approach to artwork. Encouraging a mixed media approach and providing the opportunity to work collaboratively.

	Phase 3: 
ANALYSE: students analyse images and artwork
	Students analyse evidence, using dialogue with each other and the teacher to support their developing understanding.
	 N/A
	 N/A
	 N/A

	Phase 4:
EXPLAIN: students formulate an explanation based on evidence.
	Students use evidence they have generated and analysed to consider possibilities for explanations that are original to them. They use argumentation and dialogue to decide on the relative merits of the explanations they formulate, playing with ideas.  
	Students improvise on dance, explaining the reasons for their choices of moves. The choreography is linked to the properties and characteristics of particles.
	Teachers/ artists
facilitate and support as required.
	Students use imagination and creativity in expressing particle properties through various fine art techniques and approaches.

	Phase 5:

CONNECT: students connect explanations to scientific knowledge
	Students connect their explanations with scientific knowledge, using different ways of thinking and knowing (‘knowing that’, ‘knowing how’, and ‘knowing this’) to relate their ideas to both disciplinary knowledge and to interdisciplinary knowledge to understand the origin of their ideas and reflect on the strength of their evidence and explanations in relation to the original question.
	Students explore the topic using connections with familiar concepts from other disciplines (e.g. family connections)
	Teachers/
Artists facilitate and support as required.
	Creativity in making analogies and connections between fine art techniques and approaches and particle characteristics.

	Phase 6:

COMMUNICATE: students communicate and justify explanation
	Communication of possibilities, ideas and justifications through dialogue with other students, with science educators, and with professional scientists offer students the chance to test their new thinking and experience and be immersed in a key part of the scientific process. Such communication is crucial to an ethical approach to working scientifically.
	Students 
present their 
artwork, for critique by fellow
students and 
teachers.
	Teachers
facilitate and supports as required.
	Students present artwork in critique to the group and teachers.
Students to document work photographically yes they have the appropriate Mobile phones.
Teachers will photograph work and make available on online platforms

	Phase 7:

REFLECT: students reflect on the inquiry process and their learning 
	Individual, collaborative and community-based reflective activity for change both consolidates learning and enables students and teachers to balance educational tensions such as that between open-ended inquiry learning and the curriculum and assessment requirements of education.
	Students discuss their artwork and the new acquired knowledge at the end of the workshop as well as to evaluate the process and learning experience.
	Teachers facilitate the evaluative process for students.  (conclusions to be written in provided sketchbooks) Evaluates success of workshop through dialogue; then collects feedback sheets.
	Reflection on the process and collection of documentation. Photographs to be taken if students have Phones.

Teachers to photograph work and make available on online platforms.



The Additional information

Fine Arts Workshop with “In–Public” (Ian Andrews/ Sarah Fortes Mayer)
[bookmark: _GoBack]
Particle physics/ fine art workshop
Scientific developments have seen reality dissolved into smaller and smaller invisible particles that the physicist has to make visible, a process mirrored by the artist attempting to express thoughts and emotions through the manipulation of materials. Taking the same journey from something hidden to something revealed. Come and experiment with ways of visualising using mark-making, simple three-dimensional materials, photography and film to explore the intriguing connections between art and science.

10.00 
Introduction to Physics.                                               20  mins
Interpretation through art intro.                                   10  mins

10.30-11.15
First activity                                                                 45 mins
Drawing interpretation-   creating a charcoal surface/ground and then working into the ground with an eraser, revealing the white paper underneath to create the images. Working from cloud bubble/ chamber images of particle movements. The charcoal ground is disturbed by the movement of the eraser in the same way that the substance in the chambers would be disturbed by the movement of the particles.

11.15-12.15                                                                   1hr
Introduction to three further ways to imaginatively visualise and interpret particle movement through a medium-
        1. Use of a glue gun on various surfaces to interpret the movement extending beyond drawing to more experimental approaches in two dimensions.
        2. Use of wire and other materials to create a three-dimensional interpretation of the movement in space. Material could include wire and air- drying clay.
        3. Use of shadows on the screen involving actual movement to be filmed and photographed. Using techniques of a shadow puppet theatre.

Students rotate around these areas.            30 mins each  (2 before lunch)
__________________________________________________________________________
12.15
Lunch break
__________________________________________________________________________
1.00-1.30                
Final rotation around different experimental areas 
1.30-1.45                                                                             15mins
Briefing on personal developments/ collaborative activity
1.45-2.45                                                                             1hr
Individual tutorials with students to develop more personal approaches, extending and developing the methods used so far (and developing new ones) encouraging mixed media combinations and exploring the possibility of working together in small groups to produce a collaborative outcome.

2.45-3.15                                                                              30 mins
Group discussion, critique, evaluation and feedback.
[bookmark: _Toc17]Assessment 

Teachers will evaluate the demonstrator using questionnaires, and will provide anonymous feedback from the classroom following the workshop.
[bookmark: _Toc18]Possible Extension
[bookmark: _Toc19]The students can continue to develop the artwork produced as the quality and methodology will be appropriate to the National Curriculum for those studying art.  The photographs and short videos produced can be made available online platforms or can be placed on a memory stick for distribution at the school later.
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