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[bookmark: _Toc348469603]Introduction / Demonstrator Identity
[bookmark: _Toc348469604]Subject Domain
Particle Physics, Physics, Astrophysics, Cosmology, History of Science, Engineering, Technology
[bookmark: _Toc348469605]Type of Activity
Playing with Protons focuses mainly on in-school activities but can also include out-of-school activities such as field trips to research infrastructures, science parks and science museums, and participation in science fairs.
[bookmark: _Toc348469606]Duration
Concerning in-school activities, Playing with Protons is deemed appropriate to have at a minimum 20 didactic hours devoted to up to five subjects. Concerning out-of-school activities, one or two field trips to research infrastructures, science museums etc. per school year are recommended. 
[bookmark: _Toc348469607]Setting (formal / informal learning)
The setting is mainly formal (i.e. school) but can also be informal (e.g. science fair) and engages multiple actors including students, teachers, scientists, parents and the local community. 
[bookmark: _Toc348469608]Effective Learning Environment
· Communities of practice 
· Dialogic space / argumentation
· Experimentation (Hands-on, Science laboratories and eScience applications)
· Visits to research centres (virtual/physical) 
· Communication of scientific ideas to audience

[bookmark: _Toc348469609]Rationale of the Activity / Educational Approach

[bookmark: _Toc348469610]Challenge 
Empirical research suggests that students’ aspirations of pursuing a career in STEM fields, including physics, are likely to be shaped considerably by their experiences of and attitudes to school science at primary level (e.g. Tai et al., 2006). Yet the majority of interventions currently target secondary school settings (Archer, 2013). In response to this shortcoming, Playing with Protons (PwP) represents a novel science education initiative led by the CMS Experiment at CERN that is aimed at nurturing and promoting creativity, science motivation and aspirations among K-6 students. PwP comprises continuous professional development (CPD) courses for primary teachers, development of learning resources and communities of interest, and follow-up support in schools and especially those that serve students from remote or relatively disadvantaged communities. The focus in this document will be on PwP activities in schools.
[bookmark: _Toc348469611]Added Value
There is widespread consensus among science education researchers that learning science should begin early in every child’s schooling. Among many good reasons, one stands out clearly: “Children naturally enjoy observing and thinking about nature” (Eshach & Fried, 2005). Several studies have also shown that the public wants science to be taught early. For example, in a recent public opinion survey conducted for the Center for the Future of Teaching and Learning at WestEd, seven in ten Californians expressed the view that learning science in primary school is likely to increase the chances of students to perform well in high school (Belden, Lien & Nelson-Dusek, 2010). In line with the above, several initiatives to engage primary school students have taken place in collaboration with CERN. These include the Mains dans la pate initiative of Georges Charpak in France, the Dans la peau d’un chercheur project that reaches out to K-6 students from CERN’s neighboring schools in Switzerland and France, and the Enthusing Future Physicists project in the UK that is run by the School of Physics and Astronomy at the University of Birmingham (Pavlidou & Lazzeroni, 2016). 
PwP contributes to that effort by enriching teachers’ pedagogical practice with creative, hands-on methodologies through which K-6 students can, in turn, get engaged effectively with science, technology and innovation. PwP was born out of the passion, dynamism and determination of Tina Nantsou, a physics educator at Hill Memorial School in Athens, Greece. In 2013, Nantsou visited CERN as a participant in the Greek Teacher Programme, and upon her return to Athens started a still ongoing project in collaboration with CERN that involves 10 to 12 year old students at her school. Accordingly, the students become familiar with big ideas and latest discoveries in particle physics mainly through hands-on experimentation with everyday materials. The educational approach promotes inquiry, creativity and collaborative learning (Alexopoulos, 2014).
[bookmark: _Toc348469612]Learning Objectives 
The learning objectives of PwP stem from the six assertions made by Eshach & Fried (2005) with regard to the idea that even small children should be exposed to the world of science. These assertions are:
1. Children naturally enjoy observing and thinking about nature.
2. Exposing students to science develops positive attitudes towards science.
3. Early exposure to scientific phenomena leads to better understanding  of the scientific concepts studied later in a formal way. 
4. The use of scientifically informed language at an early age influences the eventual development of scientific concepts.
5. Children can understand scientific concepts and reason scientifically.
6. Science is an efficient means for developing scientific thinking.
[bookmark: _Toc348469613]Domain specific objectives
The learning objectives of PwP focus mainly on the domain of particle physics, but may well extend to astrophysics and cosmology. In addition, students are familiarized with basic aspects of engineering, technology and history of science that are related to research in particle physics, astrophysics and cosmology. In particular, by the end of the programme, the students are expected to have a basic understanding that:
· All matter is made of the same constituents, that is, elementary particles which compose larger particles, for example protons, neutrons and eventually atoms
· There are four fundamental forces or interactions in nature (i.e. gravitation, electromagnetic, weak nuclear force, strong nuclear force) by which matter is effected
· Elementary particles are too small to be seen by the naked eye or an average microscope, but particle physicists have invented over the last century more and more advanced ways of detecting them
· Scientists and engineers at CERN have built the Large Hadron Collider (LHC) that is currently the world’s most powerful microscope, enabling them to collide particles with each other in order to understand the inner structure of matter but also to discover new particles
· The universe is, to a very large extent, filled in with dark matter and dark energy about which scientists until now know very little
· The study of particles is also a long story of scientific creativity, innovative thinking, international collaboration and technological development
· The study of particles has and will continue to benefit many aspects of our everyday life mainly through the transfer of technological know-how to medicine, communication, transport and other industries. 
[bookmark: _Toc348469614]General skills objectives
PwP places explicit emphasis on the development of the following general skills among K-6 students:  
· Collaboration. The students are divided into workgroups (four to six students per group) and embark on their educational journey to the world of particle physics by developing a group identity around common goals and shared tasks to be performed throughout the duration of the programme
· Problem-solving. Through hands-on experimentation with everyday materials, the students define a challenge (e.g. design and assemble an electrical circuit to be used for a particle accelerator mock-up), generate alternative solutions, evaluate their pros and cons, and finally implement and follow up on their solution
· Creativity. Through hands-on experimentation with everyday materials, the students are invited to think originally and imaginatively by employing their intuition, sensory abilities and language skills in the course of creative activities such as drawing and designing, storytelling, model making, gamifying and theatrical acting
· Dealing with mistakes. The students are encouraged to consider mistakes as part of any process and work including the scientific work. The students realize through their involvement with hands-on experimentation that trial and error is inherent in problem solving. Emphasis is thus given on the process and not the end result.
· Communication and presentation. Each workgroup is invited to keep a diary in which the students document each phase of their assigned projects along with their thoughts, impressions and challenges they are faced with. Each group is also asked to present their progress to the rest of the class on a monthly basis. Finally, upon the completion of their projects, all groups present their work and answer questions by the teacher and their classmates. 
[bookmark: _Toc348469615]Demonstrator characteristics and Needs of Students

[bookmark: _Toc348469616]Aim of the demonstrator
Beyond creating interest in the world of particle physics, astrophysics and cosmology, PwP lays the foundation for effective student engagement through in-class but also out-of-class learning-by-doing activities that employ hands-on experimentation with everyday materials, game playing, model making and artistic expression of scientific phenomena, ideas, stories and achievements. In doing so, PwP aspires to enhance and enrich the primary science curriculum and the thrill of learning science for 5th and 6th graders. 
To date, PwP activities have been implemented in 17 primary schools in Greece with the active participation of 32 teachers and 896 K-6 students. 
[bookmark: _Toc348469617]Student needs addressed
PwP rests on the idea that learning science can be a self-fulfilling activity that may create strong personal interest in and engagement with big ideas in particle physics and related domains. PwP provides an opportunity for students to use their imaginative thinking to co-create new ideas, concepts and forms that train their minds and hands simultaneously. At the same time, PwP activities are structured around the CREATIONS features, the RRI aspects and the IBSE features. In addition, PwP activities allow space for pupils of various abilities to participate and contribute their distinctive skills. Importantly, PwP promotes diversity and attempts to break gender stereotypes about the role of women in science and technology. 
[bookmark: _Toc348469618]Learning Activities & Effective Learning Environments 
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	Science topic:  Particle Physics, Physics, Astrophysics, Cosmology, Engineering, Technology

Relevance to national curriculum: 
PwP activities can act as valuable scaffolds for standard in-class activities related to the teaching of science at senior primary school level. 

Class information

Year Group: Senior primary school
Age range: 10-12
Sex: Both

Pupil Ability: Mixed (The scenario allows space for pupils of various abilities to participate)
	Materials and Resources
What do you need? (e.g. printed questionnaires, teleconference, etc.)
- Simple household materials for conducting “kitchen physics” experiments
- Introductory power point presentations on particle physics, CERN etc.
- Simple materials for drawing, model making, game playing 
- Various props for theatrical acts

Where will the learning take place? On site or off site?  In several spaces? (e.g. science laboratory, drama space etc.), or one? 
- School classroom or science lab
- School theatre or room that can facilitate lecture and group work

Health and Safety implications?  None
Technology? Computers with internet access, projector for power point presentations
Teacher support? Preparation, support and scaffolding

	Prior pupil knowledge
While no prior knowledge of particle physics is required, a preparatory session initiated by the science teacher is welcomed. In this session, the teacher is advised to ignite students’ curiosity by showing relevant material or inviting students to do so at home. The material may be in electronic or print format and should provided to the students in advance. The ultimate aim is to initiate the inquiry cycle by posing a “big question” or discovery in particle physics, astrophysics or cosmology that will then be followed up by the students through hands-on experimentation in class. 

	Individual session project objectives (What do you want pupils to know and understand by the end of the lesson?)
During this scenario, students will:

Session 1: Cosmology (4 didactic hours; at least 1 didactic hour should be devoted to hands-on experimentation)
By the end of this session, students are expected to understand:

· What is the Universe made of?
· How does the Universe evolve?
· Why is the Universe so big and old?
· How do we know the age of the Universe?
· How does light travel across the Universe and why does it appear in our eyes in various colours?
· How many dimensions does the Universe have?
· How do galaxies move within the Universe?
· Who were the first scientists who helped us understand how and why the Universe expands?
· What scientific experiments are currently carried out to help us understand better what is the Universe made of?

Session 2: Elementary Particles (4 didactic hours; at least 1 didactic hour should be devoted to hands-on experimentation)
By the end of this session, students are expected to understand:

· What are the basic constituents of matter?
· What is the structure of the atom?
· How small is the atom and its basic constituents?
· Who were the scientists who discovered the atom and its basic constituents?
· What is the difference between hadrons and leptons?
· What are the fundamental forces in nature by which matter is effected?
· What is the Standard Model in particle physics?
· How do particles acquire their mass?
· How can scientists at CERN discover new particles?

Session 3: An Introduction to CERN: Past, Present and Future (4 didactic hours; at least 1 didactic hour should be devoted to hands-on experimentation)
By the end of this session, students are expected to understand:

· What does the acronym CERN stand for?
· When, how and why was CERN established?
· What kind of research is carried out at CERN?
· How many countries do take part in CERN’s experiments?
· Why are there so many physicists and engineers at CERN? Are there other professions involved in CERN?
· What is the Large Hadron Collider?
· What are the main LHC experiments and what do they study?
· What are the important scientific discoveries made at CERN? 
· What does the future behold for the experiments at CERN?

Session 4: Accelerators and Detectors at CERN and their Technological Applications (4 didactic hours; at least 1 didactic hour should be devoted to hands-on experimentation)
By the end of this session, students are expected to understand:

· How does a particle accelerator work?
· How many particle accelerators do exist at CERN and what are the main differences between them?
· Why do scientists smash protons with each other at the LHC?
· How do scientists detect the results of particle collisions at the LHC?
· What are the main components of a particle detector and why are particle detectors at CERN so big?
· Why are the LHC and the particle detectors built underground?
· What kind of scientific data do scientists retrieve from the LHC experiments and how do they perform their analyses?
· In what ways do the experiments at CERN benefit our everyday life?
· What are the most important technological applications of CERN for society?

Session 5: Creativity Zone (4 didactic hours)
This session builds on the knowledge that students have acquired in the previous 4 sessions. During the “creativity zone” session, the students work in groups,  each of which selects a topic of interest (e.g. particle detectors). The challenge for students is to demonstrate and communicate in hands-on and creative ways, through model making, play gaming, drawings, music, dance performances or sketches, their understanding, knowledge and interpretation of the scientific phenomena, ideas and discoveries that were introduced to them during the previous four sessions. 







	Assessment
- Evaluation (quantitative & qualitative) by the teacher in the form of questionnaires, students’ workbooks, diaries and presentations 
	Differentiation
How can the activities be adapted to the needs of individual pupils?

PwP activities are customized to the students’ learning needs according to their age, gender, skills and abilities
	Key Concepts and Terminology

Science terminology: atoms, protons, neutrons, electrons, quarks, bosons, Higgs particle, CERN, LHC, particle accelerators, particle detectors, Big Bang, galaxies, dark matter, dark energy, electromagnetism, nuclear force, Web
Arts terminology: collage, tableau, drawing, comics, model making, theatrical performance, stand-up comedy, dance, music

	Session Objectives: 


During this scenario, students will: 

- engage with big questions driving scientific research in particle physics, physics, astrophysics and cosmology.
- learn about the science, engineering , technology and history that are related to particle physics, physics and astrophysics experiments
- embark on hands-on learning experiences with simple, everyday materials
- embark on model making and game playing
- embark on artistic activities such as drawing, comic making, stand-up comedy, dance and theatrical performances

	Learning activities in terms of CREATIONS Approach
NOTE: Selected examples from the aforementioned sessions are included herein

	IBSE Activity
	Interaction with CREATIONS Features
	Students
	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 engage with teacher’s questions and demonstrations, and are encouraged to formulate questions relative to the topics of interest (e.g. how do galaxies move within the universe?)
	Teacher attracts the interest of students by utilising appealing visuals of:
- a rotating galaxy (session 1)
- the inner structure of the atom or the “Scale of the Universe” video (session 2)
- an aerial view or a close up of the LHC (session 3)
- e.g. the CMS detector (session 4)
Teacher also asks students challenging questions related to each of those images or videos
	None at this stage.

	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.
	Students work in groups and explore with the help of the teacher simple ways in which they can describe or reenact a natural phenomenon (e.g. expansion of the universe with the use of a balloon, collision of particles with the use laser beams and flour, blue sky / red sunset experiment)
	Teacher follows up on students’ questions and provides guidance concerning sources of evidence that can help students examine in a playful manner a natural phenomenon under question (e.g. expansion of the universe, collision of particles, why the sky is blue/red etc.)
	Students engage in creative hands-on experimentation that may also entail arts activity (e.g. dance performance inspired by the rotation of galaxies or by the collision of particles at the LHC)

	Phase 3
ANALYSE: students analyse evidence
	Students analyse evidence, using dialogue with each other and the teacher to support their developing understanding.
	Students use trial and error to determine the conditions under which they can simulate e.g. a sunset 
	Teacher invites students to try out different techniques related to e.g. Rayleigh scattering
	None at this stage.


	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 embark on particle model making, game playing and theatrical re-enacting in order to explain a scientific phenomenon or discovery
	Teacher facilitates and supports as required


	Students employ their imagination and creativity in designing and building particle detector models or performing a sketch. 

	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 why’) 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 are invited to discuss their explanations with their parents and out-of-school friends in an effort to make meaningful connections with their social environment outside the school.  
	Teacher facilitates and supports as required.

	None at this stage.


	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 are invited to present to their classmates but also to scientists (through videoconference or in-situ) their creations, observations and justifications.
	Teacher facilitates and supports as required.

	Plenty of room for arts based activities including sketches, stand-up comedy, dance and music performances. 


	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 are questioned about the newly acquired knowledge at the end of the fifth session as well as to evaluate the process and learning experience
	Teacher collects and analyses feedback from students and uses this to inform a continuous cycle of quality improvement that enhances the student's experience with the demonstrator. 


	None at this stage. 



[bookmark: _Toc348469619]Additional Information
More information on PwP activities, teaching resources, school initiatives, ideas and more on primary science education can be found at:
· PwP Greece online community (the CREATIONS community by Greek primary school teachers of the PwP programme at CERN)
· Science Experiments for Kids (a blog by physics educator Tina Nantsou)
Also available:
· Two articles on the CERN website about the PwP initiative in Greece
· Playing with protons in primary
· CERN inspires primary-school students to Play with Protons
· A documentary charting the progress of the project in Hill Memorial School
· Two articles about the related PwP CPD course that took place at CERN in August 2016 with the participation of ten primary school teachers from Greece
· Playing with protons: Engaging teachers to engage K-6 students with science, technology and innovation
· Greek teachers learn ABCs of particle physics at CERN
[bookmark: _Toc348469620]Assessment 
The overall assessment of the PwP demonstrator follows the procedure as presrcibed by the CREATIONS evaluation team. Specifically, two instruments are employed for the assessment of students and teachers respectively. First, students are assessed longitudinaly (i.e. before and after their involvement with PwP activities) in terms of their science motivation and creativity by completing questionnaire surveys. Second, t eachers assess various aspects of the demonstrator after its implementation with the use of a short questionnaire based on the VALNET evaluation framework. 
In addition to the CREATIONS evaluation procedure, PwP activities may be evaluated qualitatitavely by the teacher after the completion of the various sessions through examination of the students’ diaries and presentations as well as through questions in order for the teacher to verify whether students have understood or misunderstood key scientific concepts. 
[bookmark: _Toc348469621]Possible Extension
As mentioned in Section 2.1, a core aspect of PwP is the provision of CPD courses for primary school teachers. The courses, which are organized by the CMS Experiment at CERN in the framework of the CREATIONS project, bring together teachers, CERN researchers and science education specialists to develop creative approaches for engaging K-6 students with science, technology and innovation. 
The 1st PwP CPD course for primary school teachers from Greece took place at CERN from 17 to 22 August 2016. The course included lectures by CERN and other scientists, hands-on workshops, visits to experimental facilities, study groups and Q&A sessions. More info on that course can be found here. A new course for UK primary school teachers will take place again at CERN in August 2017. This is organized in collaboration with CREATIONS partners from the University of Birmingham and STFC and will be supported by the Ogden Trust. 

[image: ]
Greek primary school teachers during a hands-on workshop at CERN in August 2016 
(Image: Sophia Bennett/CERN © CERN)
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