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[bookmark: _Toc450047467]Introduction / Demonstrator Identity
[bookmark: _Toc450047468]Subject Domain
Art and High Energy Physics at CERN
[bookmark: _Toc450047469]Type of Activity
This is a student activity taking place in both formal and informal settings, promoting the connection of school and research center. The activity can take place in local, national and in international level.
[bookmark: _Toc450047470]
Duration
1 school year 
[bookmark: _Toc450047471]Setting (formal / informal learning)
Formal (classroom) and informal (research center).
[bookmark: _Toc450047472]Effective Learning Environment
· Dialogic space / argumentation aiming to engage students in argumentation and dialogic processes for a better insight into the nature of scientific enquiry and the ways in which scientists work
· Visits to research centres (virtual/physical)aiming to connect the science classroom with research infrastructures, addressing the enhancement of informal learning settings.
· Arts based.


[bookmark: _Toc450047473]Rational of the Activity / Educational Approach
[bookmark: _Toc450047474]Challenge 

· Becoming a scientist for a week to participate in modern scientific research
· Employ creativity and teamwork in an artful fashion to achieve ownership on a scientific topic. 
· Acquire a critical thinking process regarding advanced scientific topics beyond the reach of school curricula.

In order to understand Nature and the Laws governing our Universe, Modern Science has developed tools and techniques of sophistication far beyond the reach of school curricula. Modern discoveries are able to answer questions such as “What are we made of?”, “What is the nature of mass?”, “How did the Universe look like during its infancy”, which were once in the realm of Philosophy and speculation. Today, these questions can be quantified and answered in cutting edge experiments, thus expanding the boundaries of human comprehension far beyond our everyday practice. In order to organize and conduct the experiments needed to verify such hypotheses, scientists form international collaborations consisting of thousands of scientists and engineers and build gigantic research infrastructures dedicated to the pursuit of fundamental knowledge.     Such an international, multicultural research infrastructure is CERN, with experiments ran by thousands of scientists aiming to discover the most fundamental laws of the Universe with unprecedented accuracy.
Students are exposed to these scientific breakthroughs through media such as TV, newspapers, blogs or social media. However, the knowledge and skills needed to be able to comprehend the science behind these discoveries, are far beyond the reach of the school curricula. As a result, dedicated outreach activities have been developed by leading organizations involved in scientific research, science education and outreach, in order to bring students in touch with modern scientific research culture, demonstrate to them cutting edge scientific achievements and cultivate the skills needed in order the students to become ‘little researchers’ and explore on their own the fascinating world of modern science.
Cultural collisions tackles this challenge using art as a mediator: Students learn about CERN through creative workshops taking place in a week-long exhibition, they produce their own artworks based on science and communicate them in a final student-powered Cultural Collisions exhibition. 
[bookmark: _Toc450047475]Added Value
· Students learn about cutting edge research at CERN.
· Students get encouraged to create a product as a result of their investigation and research. 
· Students learn Physics within and beyond their school curricula and thus get inspired on science in general. 
· Students create a dialogue with real scientists working at CERN as well as their home countries. 
· Students learn how to communicate their results in an artful fashion by employing their creativity. 
· Students develop ownership of complex natural phenomena and scientific methods. 



[bookmark: _Toc450047476]Learning Objectives 
[bookmark: _Toc450047477]Domain specific objectives

The learning objectives of this demonstrator are:
1. The students to Understand how particle detectors work
2. Students learn how data are processed.
3. Students learn about the internal structure of matter and the importance of fundamental particles, which are not part of our everyday world.

[bookmark: _Toc450047478]General skills objectives
Students perform scientific inquiries. This way, they develop critical and independent thinking. Students are able to focus on specific details on their chosen topic and follow up their own research, thus obtaining scientific mindsets.

 

[bookmark: _Toc450047479]Demonstrator characteristics and Needs of Students
[bookmark: _Toc450047480]Aim of the demonstrator
This demonstrator is a hands-on activity aiming to introduce the scientific culture of large research infrastructures such as CERN to students using art as a vehicle.

[bookmark: _Toc450047481]Student needs addressed
In this activity, students develop their knowledge on scientific issues beyond the reach of their school curricula. They develop creative skills, critical thinking and learn how a scientist thinks by doing their own inquiries based on the IBSE model.
The students involved in this activity learn how to: act individually and collaborate, combine the scientific and the artistic mindset using creativity as a bridge, find artful ways to transform specific scientific concepts in abstract artistic expressions, learn how to think as scientists while exploring a cutting edge scientific issue.


[bookmark: _Toc450047482]Learning Activities & Effective Learning Environments 

1. Question-eliciting activities
· Introductory material addressing the basic needs of the exercise is offered to the participant schools before the inauguration of the Cultural Collisions first exhibition: Powerpoint presentations, possibility for a virtual visit at CERN, videos and interactive simulations are being offered to the schools as resources to prepare students and teachers for the main event.
· An exhibition is being set up for a week in which scientists and artists will deliver workshops to participant schools regarding science and art at CERN.

1. 
Active investigation
· Students visit the Cultural Collisions exhibition for a day and participate in art and science at CERN workshops (Science Rap, Science Flashmob, Accelerating Colors, Becoming Junior Scientists and filling a junior scientist booklet with information they gather from the exhibition among others).
· Following the one day workshop, students work with their Art teachers and their Science teachers for the whole school year with the support of the Cultural Collisions artists and scientists, in order to produce their own artworks inspired by a CERN related theme. 
· By the end of the school year, students will present their artworks in the final, student-powered Cultural Collisions exhibition.
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	Science topic:  High Energy Physics/Nuclear Physics.
Class information
Year Group: 1st to 3rd class of senior high school
Age range: 14-18
Sex: both
Pupil Ability: Basic computer usage required
	Materials and Resources: 
For the exhibition: Exhibition material (posters, laptops, printed material and virtual resources, internet access).
For the in-school activities: PC, internet, video-processing software, paint, paper, other exhibition material.

Where will the learning take place? On site or off site?  In several spaces? (e.g. science laboratory, drama space etc), or one?   In a computer laboratory, exhibition centre, arts room and a classroom.
Health and Safety implications?  None
Technology?  
Teacher support? The teacher will provide the students with preliminary material and is advised to discuss with them before the beginning of the activity. The relevant material can be found in this online virtual community:  http://portal.opendiscoveryspace.eu/community/cultural-collisions-848012 


	Prior pupil knowledge: 
The students involved in this activity need to have basic knowledge of particle physics and detectors, provided to them before the first exhibition.

	Individual session project objectives (What do you want pupils to know and understand by the end of the lesson?)
By the end of the final exhibition, students should be able to understand fundamental aspects of particle physics (basic ideas about fundamental particles and interactions), particle detection techniques, to have an overview of the functionality of big particle detectors such as CMS at CERN, to understand how we accelerate and collide particles and to have an idea about the history and purposes of large research infrastructures such as CERN. 


	Assessment
Content knowledge is assessed through specific questions and exercises throughout the in-class activity and creativity as well as science motivation are assessed through pre-post questionnaires.
	Differentiation
The activities described in this demonstrator refer to very advanced scientific concepts and the attempt to bring them in the classroom. As a result they have specific content knowledge requirements. Variants of these activities including a presentation and creative expression of students combined with a virtual visit can be performed by more students without tight content knowledge restrictions.

	Key Concepts and Terminology
Particle collision, Data Analysis, Particle Acceleration, Particle Detection, Arts and Science, Science flashmob, masterclass.
Science terminology:
Particle collision, Data Analysis, Particle Acceleration, Particle Detection 
Arts terminology:
Rap, drawing, poetry, dance, music, visualization, video design, sonification

	Session Objectives: Students will learn how to present advanced scientific topics in an artful fashion.
 

	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 
	Students do a full day visit at the cultural collisions initial exhibition (http://portal.opendiscoveryspace.eu/en/edu-object/cultural-collisons-canada-exhibition-osc-science-centre-april-2018-850558,  https://www.youtube.com/watch?v=ikNhOlXtdgQ  ), taking place for a week in their area. During the visit, students participate in various workshops, such as SciArt workshops and others  (http://portal.opendiscoveryspace.eu/en/edu-object/cultural-collisions-introductory-workshops-850946 

http://portal.opendiscoveryspace.eu/sites/default/files/culturalcollisionscanadaorigin_cmsweekapril2018_final_1.pdf, 

https://www.youtube.com/watch?v=ixlWlq3_paw  ) connecting science at CERN with art and investigate the question of: What are the constituents of our world? How do we accelerate and detect elementary particles? What is CERN? What is CERN’s mission?
	The students are accompanied by their arts and science teachers in the cultural collisions exhibition. The teachers also participate in the workshops as spectators and collaborate with the experts of the exhibition in order to get further insight on the topics and methodologies presented.
	

	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 is crucial in empowering pupils to generate, question and discuss evidence.
	Drawing ideas from the Cultural collisions exhibition, students initiate a school-year-long project based on one or more scientific investigations (e.g particle detection, Higgs particle and others) they can work on and perform further studies on the topic to assure sufficient content knowledge. 
	Students will work closely with their science teacher in order to choose the topic of their investigation . To assure a solid content knowledge of the students, the teacher can use the support of the collaborating scientists of the Cultural Collisions Exhibition, which can be assured through virtual or live meetings, through the development of dedicated educational resources for students and others. 
	

	Phase 3: 
ANALYSE: students analyse evidence
	Students analyse evidence, using active investigation and dialogue with each other and the teacher to support their developing understanding.
	After having decided the science topic they will pursue, students collaborate among themselves and with their arts teacher and determine the artistic methodologies (science rap, dance, flashmob, creating sculptures, drawings etc) they will implement.
	The majority of the creative work is done with the arts teacher within their teaching hours (or beyond), with the support of the science teacher, due to the advantages that the arts curriculum flexibility presents.
	All this activity is based on art.

	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 generate their scientifically inspired artistic intervention. The intervention  might vary from a theatrical play, to an exhibit, a dance show,  an artful video or something else.
 https://www.youtube.com/watch?v=sdB2PydXUW8 
	The arts and science teacher acts as a coach and consultant, while students take the responsibility of generating and finalizing the artistic intervention.
	All this activity is based on art.

	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 finalize their artworks and review them with their classmates and teachers making sure that they manage to convey the scientific topic in question in a coherent fashion. Students incorporate the feedback from their teachers and classmates and produce the final version of their artistic intervention.
	Teachers provide feedback to the students regarding the connection of their artistic interventions with the scientific topic they have chosen. 
	

	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 participate in the final Cultural Collisions event taking place in their city in which they present their work and share their results with other participant schools, experts and public.
 https://www.youtube.com/watch?v=BIy_iERk5Ps&index=8&list=UUCfnA94VmJ4YprdwOyu_dtw 
	The teachers support their students with the preparation and implementation of their artistic intervention.
	Students communicate their work through an artistic intervention. 

	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 of different schools connect among themselves and discuss their experiences. They discuss their artistic interventions with teachers and Cultural Collisions experts and obtain feedback which will help them reflect on the topics they pursued and methodologies they followed.
	Teachers mediate a productive dialogue between students and between students and experts to help them obtain high quality feedback on their work.
	




[bookmark: _Toc450047483]Additional Information

All relevant companion resources and activities can be found in the dedicated online community of the CREATIONS portal http://portal.opendiscoveryspace.eu/en/search-resources-in-community/848012 
[bookmark: _Toc450047484]Assessment 

The student  motivation and creativity is monitored using dedicated evaluation questionnaires developed by the CREATIONS consortium before and after the completion of the activity.  The content knowledge is monitored throughout the lesson through dedicated questions and exercises which are done in a hands-on fashion.


[bookmark: _Toc450047485]Possible Extension
After the end of the Cultural Collisions activities, students might work further in order to create a smaller permanent Cultural Collisions exhibition in their schools which will be open to the public with students as guides. 

[bookmark: _Toc450047486]References 

· https://rachaelnee.art/artcms-sciart-booklet/ 
· http://lifelab.org.in/images/resources/sciart/SciArt_Feynman_Inspired_Art.pdf 
· http://mhoch.web.cern.ch/mhoch/Art@CMS/Art@CMSprojects.pdf 
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