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[bookmark: _Toc450047467]Introduction / Demonstrator Identity
[bookmark: _Toc450047468]Subject Domain
Demonstrator was primarily intended for Physics, Mathematics, Chemistry and Biology, but is applicable for all sciences.
[bookmark: _Toc450047469]Type of Activity
Educational activity based on Creativity - enriched Inquiry Based Approaches (school based) with performances of various types (closed school performances and/or public performances outside of school, e.g. in a Science Club/Center)
[bookmark: _Toc450047470]Duration
Overall duration is around 2 months. It includes preparation of the performance, rehearsals and the actual performance. Duration can be shortened or prolonged, depending on school activities, teachers and students who are participating.
· 2 months (time for preparation of the performance and rehearsals)
· Up to 90 minutes (time for meetings and rehearsals)
· Up to 30 minutes (duration of the performance)
[bookmark: _Toc450047471]Setting (formal / informal learning)
Formal and informal – rehearsals and preparations are conducted in school, but in workshop-like and more comfortable environment.
Informal – performance can be held in school’s theater and/or in a Science Club/Center

[bookmark: _Toc450047472]Effective Learning Environment
· Communities of practice
· Art-based
· Dialogic Space / argumentation
· Visit to research centres (virtual/physical)
· Communication of scientific ideas to audience
· Experimentation (Science laboratories and eScience applications)




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

[bookmark: _Toc450047474]Challenge 
· Due to extensive curriculum and lack of time during school hours, this kind of approach rarely finds its way into science classroom
School system in Serbia leaves almost no space for teachers to expand or modify the way of STEM teaching. This results in lack of motivation for participating in this or similar activities, both in teachers as in students. Every engagement is done during off-school hours, in their free time, which also brings out complications in time management. It’s a challenge organising the teacher and a group of students for a meeting/rehearsal while honouring their other engagements (e.g. sports, music school, language lessons etc).

· Embracing the concept of embodied learning
Through this scientific performance, students were representing each concept/object with their body, as if it was alive. During preparation, it was hard for them to grasp this concept, so additional guidance through the process was needed.
This kind of approach is somewhat playful and fun, as much as it is full of new information and concepts which students can easily grasp. This may cause some students not to take this approach seriously, and not to participate in important learning activities. Support and formal/strict guidance from classroom teacher is crucial.

· Concept of peer learning
Challenge in peer learning can emerge both in students and in teachers. Some students can find it difficult to try and pass on knowledge. On the other hand, some students find it hard to learn from their peers, because they are of same/similar age, and could not find them seriously enough.
Challenge for the teachers can lie in activities where students pass on knowledge, where they have to guide the students, and not participate in passing on the knowledge – where they have to leave it to the students to figure out the correct way to react to their peers and communicate science on the spot.




[bookmark: _Toc450047475]Added Value
· PEER FORCE demonstrator is connected with the Learning Science Through Theater demonstrator, and they share some values – especially the concept of embodied learning.
Through the principles of embodied learning, basic principles of epistemological knowledge and pedagogical theories can be combined, so that the student can utilize his body as a source of knowledge and feel alive and active during the learning process. As a result, the seemingly absent student’s body can be activated and used as a communication channel between students. (Arvola, Orlandre & Per-Olof Wickram's In Alsop, 2011).Through embodied learning, each time the human motor-sensory system is involved with his body movements, the stimuli he perceives can be converted into a more stable and powerful memory and cognitive representations (Abrahamson, Gutiérrez, Charoenying, Negrete, & Bumbacher, 2012). 
[bookmark: _GoBack]Embodied learning has been linked with the field of Science (Smyrnaiou & Kynigos, 2012). According to Hutto et al. (2015), embodied learning enhanced the understanding and acquisition of skills in physics, technology, engineering and mathematics. Gallagher & Lindgren (2015) investigated the advantages of physical representation of transfer (Chun Hung, Hsiu-Hao Hsu, Nian-Shing Chen, 2015) and found that its representation facilitates the learning outcomes more than just reading the transfer. Furthermore, Lozano and Tversky (2006) argue that gestures can facilitate learning, as they are considered as embodied knowledge. Finally, Novack & Goldin- Meadow (2015) argue that even the gestures can be incorporated into educational activities, especially in courses with symbols, such as Mathematics, Physics and Chemistry. Thus, pupils directly connect their movement, gesture and communication with scientific concepts which they perceive, as embedded in the educational activities (Kynigos, Smyrnaiou & Roussou, 2010; Smyrnaiou, Z., Sotiriou, M., Sotiriou, S. & Georgakopoulou, E. Multi- Semiotic systems in STEMS: Embodied Learning and Analogical Reasoning through a Grounded- Theory approach in theatrical performances. Journal of Research in STEM Education, Vol. 14, 2017; Menelaos Sotiriou, Vasiliki Grigoriou, Zacharoula Smyrnaiou, Evangelia Petropoulou (NKUA) – Learning Science Through Theater demonstrator, 2016).

Additional added value:
· PEER FORCE provides much more informal and creative environment for learning about physics. During project activities students have the opportunity to question and apply knowledge gained in classroom. They learn how to conquer challenge before them – proper representation of that knowledge for their fellow students.
· Activities in the beginning of the project are workshop-like, and they allow students to work on their teamwork and communication skills.
· This kind of approach allows students ownership of the learning process, because they are actively involved in every step of project, in almost every concept, and they decide what is the best way to learn, inquire and then represent knowledge.
· Performance outside of the school can add stimulus for some students. The project gains greater importance, because the main event is performed publicly, for audience that is wider than their school and its students.
· PEER FORCE is designed to be interactive. During performance students are, besides acting, engaging the public in discussion about principles and behaviors they witnessed. This way the public is involved in the performance at the end of each scene, and gets to experience certain topics in an unusual and interesting ways, and learn in the process.
· Peer learning allows students to learn from their peers. Values in this lie in passing on the knowledge from students similar age – they have the capacity to communicate in the language of other students, where they can communicate science in an informal way, easily understandable by other students.
Other values are in connecting between students who pass on knowledge and students who are learning from peers, and forming peer bonds. This kind of connection between students is usually formed faster that the bond between teacher/adult and students, and can enhance and speed up the learning process.
[bookmark: _Toc450047476]Learning Objectives 

[bookmark: _Toc450047477]Domain specific objectives
Main objective of PEER FORCE is to create opportunities for pupils to visualize, demonstrate and express a scientific topic from school curriculum, as well as learn from peer students in a fun and easy manner, in a way that is chosen by students and is understandable for their age and level of knowledge. With guidance from the teacher pupils will:
· Perform a Scientific play, based on selected theme form school curriculum (connected with the Learning Science Through Theater demonstrator)
· Explore through tasks about certain topics (individual and group effort)
· Learn how to connect raw theory with everyday occurrences, and how to visualize and communicate laws of natural sciences through art-based performance
· Gain deeper understanding of the effects and interaction of selected theme
· Experience the process of creating a theater-like performance, writing a script, preparing the costumes, scenography, and behaving on the stage
· Understand the principals of teaching and motivating students for inquiry based learning
· Experience the process of teaching and evaluating students / experience the process of being taught and evaluated by students
[bookmark: _Toc450047478]General skills objectives
· Embodied learning
· Engaging in interdisciplinarity: connecting STEM classroom with art
· Developing creative and critical skills
· Developing better cooperation and teamwork skills
· Improving communication skills 
· Concurring the fear of performance 

[bookmark: _Toc450047479]Demonstrator characteristics and Needs of Students
[bookmark: _Toc450047480]Aim of the demonstrator
Aims of PEER FORCE DEMONSTRATOR are to:
· Create an art-based platform for teachers, which they can implement into their classes
· Encourage students to use art and body movement to learn and spread knowledge – Spread the concept of embodied learning
· Engage students in Physics, Mathematics, Chemistry and Biology – and all sciences
· Encourage students to teach and to learn from each other – peer learning
· Connect school system with the research community/research institutions
[bookmark: _Toc450047481]Student needs addressed
Activities in PEER FORCE are conducted in comfortable and creative environment, not in form of a class, but as a series of discussions, assignments and through experimental/practised stage performance. Students are participating in the learning process, and it gives them more opportunity and courage to express their opinion, thoughts and findings more openly than in classroom.
Some of activities are in form of a personal and group investigation. This allows students to find a most suitable way to work on assignments, and also straightens their spirit for teamwork and cooperation.
For students, PEER FORCE represents a new way of learning and understanding a scientific phenomenon, so it is crucial that students have guidance through the process of creating a scientific stage performance, and through connecting science with art. Guidance was provided by the teacher and an arts consultant.
By the end of PEER FORCE students have gathered great capacity to communicate science. The knowledge they gained is very clear, this kind of learning process allows them to understand scientific process from different angles, along with different occurrences in everyday life. With understanding of science and with the understanding of other students of similar age or knowledge, students that participated in PEER FORCE can successfully represent that knowledge to fellow students, in a way that is interesting and fun, and adjusted to them.
[bookmark: _Toc450047482]Learning Activities & Effective Learning Environments 
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	Science topic: Physics, Mathematics, Chemistry and Biology
Relevance to national curriculum: Physics, Mathematics, Chemistry and Biology primary school curriculum
Class information
Year Group: 5th to 8th grade
Age range: 11-15
Sex: both
Pupil Ability: All pupils could participate
	Materials and Resources
What do you need? (eg.printed questionnaires, teleconference, etc.)
Materials for scenery and costumes
Where will the learning take place? On site or off site?  In several spaces? (e.g. science laboratory, drama space etc), or one?
Preparations for the performance  is to take place in school (in ceremonial hall and classroom).
The performance should take place in school’s ceremonial hall and/or at Science Club/Science Center.
Health and Safety implications?   None
Technology?  Depends on each performance and arrangements between teacher and the students if they want music or slide show during their performance. Possible technology requirement would be projector, laptop, speakers
Teacher support?  Science teacher is there to explain every scientific phenomena during the process, train students for teaching, to paticipate in the process of creation and to evalute the performance. There is also an art counselor to help mediate between arts and science.

	Prior pupil knowledge
· Basic knowledge about science phenomena

	Individual session project objectives (What do you want pupils to know and understand by the end of the lesson?)

Project PEER FORCE can be realized through following stages:
Stage 1: Students are familiarized with the concepts of embodied learning, art and science, IBSE and PEER FORCE. They’ve filled out first round of questionnaires (for later assessment). Teacher and students have an agreement about scientific topic from school curriculum, which they wish to perform about. Students have finished their research about scientific topic.
Stage 2: Group visit to research center/interactive exhibition/science museum, related to the scientific topic, which allows students to gain deeper understanding about explored scientific topic
Stage 3: Students finished writing a script for the scientific performance, with help and guidance from art consultant and teacher. 
Stage 4: Students are familiarized with the concept of IBSE teaching. They at this point had a ‘teaching’ themed workshop with the teacher, and practiced on one another
Stage 5: Rehearsals – This stage is to last couple of sessions – During this stage, students, teacher and art consultant are agreeing on the proper stage and costumes
Stage 6: Preparation of the scenography and costumes is finished (students with teachers help)
Stage 7: Main performance is finished. At the end of this stage students who participated in the project have filled second round of questionnaires (students who performed and students who were in public have different set of questionnaires)
Stage 8: Assessment and evaluation - teacher, art consultant and school phycologist


	Assessment
Evaluation is done through informal students’ feedback and via formal assessment made by
teacher
	Differentiation
How can the activities be adapted to the needs of individual pupils?
All activities are adapted to pupils needs and knowledge.
Activities are divided by student interest. For example: some are talented for acting, some for the creation of concepts in a play and don’t want to act, so everybody is participating in way that is best suited for them.
	Key Concepts and Terminology

Science terminology:  Physics, Mathematics, Chemistry, Biology

Arts terminology: scenery, costumes, script, body movement, performance

	Session Objectives: 
During this scenario, students will gain deeper understanding about the scientific phenomenon from curriculum which they are performing. They will be able to communicate and explain that topic to the public with the same or less prior knowledge.




	Learning activities in terms of CREATIONS Approach

	Demonstrator of PEER FORCE is divided into two parts (by the type of participation) and some learning activities are achieved dually. Students who are participating can be divided as followed:
1. Group of students who is participating in creative process and performing
2. Group of students who is learning through the creative performance of peer students

	IBSE Activity
	Interaction with CREATIONs Features
	Student
	Teacher
	Potential arts activity

	Phase 1:
QUESTION: students investigate a scientifically oriented question
	Dialogue between teacher and students, about the scientific topic assigned to them.
Teacher provides Balance and navigation through the dialogue and the process of investigation, so that everybody can stay on track.
As an important aspect in experimental design of embodied learning and collaborative work, Ethics and trusteeship have been applied during this phase.
	Students are given certain physics topic and a task to investigate through the means of mutual interaction and web.
They build interest in certain domains of the topic.
	Teacher determines a topic form school’s curriculum, and then becomes a guidance through investigative process.

	

	
	At the end of each scene, Dialogue between students who were performing and who were in the public.
In this case, teacher can provide Balance and navigation through the dialogue, to assist the process of inquiry about scientific topic. 
Interdisciplinarity is used to connect scientific theme and art based performance into questions, while exploring various Possibilities about phenomenon in question.
	Students in the audience are starting to question and investigate scientific scene they witnessed, via mutual interaction and interaction with students who participated in science performance.
	If needed, teacher acts as guidance through the questioning of the students form the audience.
	

	Phase 2: 
EVIDENCE: students give priority to evidence
	Students are participating in Individual and collaborative activities, where they explore many Possibilities that come from questioning.
Interdisciplinarity comes from exploring representation of evidence through art. 
Empowering students is an important aspect and with Risk, immersion and play they can gain sense of ownership of the learning process.
Teacher guides students through Balance and navigation.
	Students are divided in groups based on their domain of interest. They gather and exchange information, while trying to organize and prioritize findings.
	Teacher helps organize division of students in groups, and then acts as support.
Teacher is here to help and guide through the process if necessary.
The role of the teacher is also to answer concrete doubts that may occur during the gathering of information.
	Through the process of gathering evidence, students engage in presenting some of the examples they found through improvised acting and imagination of the scenery.

	
	Interdisciplinarity is used to separate art from science in each scene, while students concentrate on Possibilities for the behavior of the scientific phenomenon.
	Students in the audience use the performance as evidence.
	
	

	Phase 3: 
ANALYSE: students analyse evidence
	Main feature is Dialogue, in which students with the teacher analyse evidence.
During that process, every group is showing a form of stage representation of the evidence, backed up with analysis of the scientific phenomenon, and therefore engaging in Interdisciplinarity.
	 Still divided in groups, students engage in active discussions, trying to come up with suitable explanation and example of scientific phenomena, regarding Physics, Mathematics, Chemistry and Biology, from school curriculum.
They use the teacher to reflect their ideas and get some guidance.
	Teacher is here for support and guidance. Every group relates their ideas to the teacher, who guides them through inquiry (mostly with everyday examples included in inquiry) towards the path of explanation.
	Improvised acting is used to describe ideas and examples about different behaviors of the scientific topic, with vague and improvised ideas about the scenery and costumes. 

	
	Students in the audience use Dialogue to analyse evidence from the performance.
	Students are participating in discussion, in groups, then publicly with teacher and students who performed.
They also use teacher to reflect their ideas.
	If needed, teacher acts as guidance through this process.

	Students from the public use improvised acting as a tool to analyse scientific phenomenon and reflect their ideas on the teacher.

	Phase 4:
EXPLAIN: students formulate an explanation based on evidence
	Students are Playing with many Possibilities for the representation of the knowledge they gained.
Interdisciplinarity is achieved by using body movement to describe scientific phenomenon used for the topic.
Through Collaborative activities and Dialog, students decide on the best embodied representation of scientific phenomenon.
	With all the information explained, groups of students are working of best examples of behavior of scientific topic they are assigned to.
After presentation from other groups, they are working on various possibilities for connecting different parts of scientific topic in new scenes, purpose being the better explanation of principals that lay behind.

	Teacher acts as guidance.
Its role is point out possible errors, possible misunderstanding of the examples and possible difficulties in realizing that part of the performance.
	Students work on their representation of the subject. They perform their ideas to other groups, and every group participates by adding new concepts and discussing about good/bad perspectives of performance. Creativity and imagination are a crucial part of this stage.

	
	Dialogue between students from the performance and the public is used to formulate the correct explanation of the observed scientific phenomenon.
Debate can be used amongst students in the audience to clarify the explanations they created during previous CREATIONS phases.
	Students who performed are helping the students from the audience to come up with correct explanation and also guiding them toward the correct answers to their previous questions and the correct explanation
	Teachers acts as guidance.
Teacher is also alert for the possibility of argument occurring during this phase of dialogue and debate.
	

	Phase 5:

CONNECT: students connect explanations to scientific knowledge
	In this phase, the main feature is Interdisciplinarity, because students connect their explanations of the scientific phenomenon with everyday life, though history, and through art-based performance.
Dialog with the teacher speeds up this connection, because teacher Navigates them through everyday life occurrences of the phenomenon towards deeper understanding. 
	Students begin discussion about all segments of the scientific topic, connecting them with everyday events, and searching for more applications of principals they’ve discovered.
Visit to the research center helps them to further understand how scientific phenomenon affects everyday life through history and interactive examples.
Students engage in final preparation of the performance, in which they in groups form detailed script for their part of the play, scenery and costumes.
After presenting to the other groups, and after gathering advices from other groups, each scene is completely formed.
	Teacher could remind them about materials from different lessons and subjects, and if necessary motivate further discussion.
Visit to the research center – teacher guides students to forming a conclusion and better connection of knowledge and principles that occur in everyday life.

During the performing of each scene, teacher and art consultant make observation and maybe add a detail of their own to the play (informal, and in form of a suggestion).
They help in ordering the scenes.
	At this stage, every segment of the scientific topic in the performance is brought to life – each scientific phenomenon is played by one student – it can be seen, it can talk, and at some point, describe itself to the public.
Presenting of the scenes,
Forming final script and scenery.

	
	For students in the audience, this phase is very similar - the main feature is Interdisciplinarity, because students connect their explanations of the scientific phenomenon with everyday life, though history, and through art-based performance.
Dialog with the teacher speeds up this connection, because teacher Navigates them through everyday life occurrences of the phenomenon towards deeper understanding.
	If possible, students who are in the audience have also visited the research center/interactive exhibition/science, but in their case, they discuss the scientific phenomenon they witnessed after this visit (this is not crucial, and in most cases not applicable, because public can be constructed of students from different schools)
	Teacher could remind them about materials from different lessons and subjects, and if necessary motivate further discussion.

	

	Phase 6:

COMMUNICATE: students communicate and justify explanation
	Individual, Collaborative and Community based activities in form of rehearsal and Main science - based art performance.
Interdisciplinarity is also the key feature -  now students are communicating physics through acting, to fellow students and to the wide audience.
Such communication is part of an Ethical approach to science education engagement.
	Students are performing their findings in the form of the rehearsals, and are gathering needed materials and clothes for the premiere performance.
Students are engaged in the main event – art-based scientific performance
	Encourages the students.
Arranges final rehearsal at the venue and coordinates the final performance.
	Numerous rehearsals and preparing materials for performance.
Main performance

	Phase 7:

REFLECT: students reflect on the inquiry process and their learning 
	Individual and Collaborative reflective activities – Dialog with assessment of the project, IBSE and embodied learning of science topic from school curriculum.

*this phase is the same for both groups of students

	Internal evaluation on the performance via mutual discussions about general event and each role.
Discussion with the teacher.
	At this point teacher takes part in internal evaluation and reflects on participation and engagement of each student.
	




[bookmark: _Toc450047483]Additional Information
PEER FORCE should construct of one or more scientific topics which are clearly separated into different scenes. After each scene students from the audience are working on the explanation of the presented scientific concept. The number of the scenes is not previously defined, it depends on the arrangement between teacher and students.
It is recommended to have more than one main performance, if possible in another school, science centre/club or other convenient place. In this case, participants should consider the promotion of the event in school(s) and local media.
PEER FORCE concept is similar to Learning Science Through Theater(LSST), with additional values and activities that enrich concept of Science Play with peer learning and audience interaction.
· Useful information, guides to implementing creativity in science teaching and various communities: http://portal.opendiscoveryspace.eu/en/community/creations-842385
· CREATIONS Serbia community: http://portal.opendiscoveryspace.eu/el/community/creations-srbija-848766
· LSST demonstrator: http://creations-project.eu/wpcontent/uploads/2016/12/D3.1.2_Demonstrators_LSTT_FINAL.docx
· LSST community: http://portal.opendiscoveryspace.eu/en/community/learning-science-through-theater-841279

[bookmark: _Toc450047484]Assessment 

[bookmark: _Toc450047485]Assessment should be conducted via standardized Creations questionnaires for students’ evaluation
Students fill out pre-questionnaires before starting the project, and post-questionnaires after the project end. Teacher fills out teachers’ questionnaire at the end of the project.
Possible Extension
Project PEER FORCE and similar activities are applicable to all STEM sciences and more. Possible extension could be change of subject, age and number of participants.
This project was conducted locally, so the next step would be to spread the word and ideas nationally, and engage more schools and teachers.
Upgrade of the scientific story and the script is also one possible extension, with adding more examples, scientific principals and behaviours, as well as adding experiments.
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