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[bookmark: _Toc327529436]1. Introduction / Demonstrator’s Identity
[bookmark: _Toc327529437]1.1 Subject Domain
Mathematics, Architecture
[bookmark: _Toc327529438]1.2 Type of Activity
· [bookmark: _Toc327529439]Educational activity based on Creativity - enriched Inquiry Based Approaches (school based)
· In-school activities – workshops with pupils during school hours
· Educational activities that promote school-research center collaboration (local workshops with architects eg.in Architectural faculty), 
· Educational activities that promote school- STEM professional collaboration (international Skype session with an civil engineer) 
· public presentations and workshops with exhibitions of 2d and 3d city models
1.3 Duration
Overall duration is 3 months
· Every week workshops with teachers in different classes – arts, technical modeling and mathematics – 45 to 90 min.
· One workshop with the architects – 90 min.
· Skype session with architect/civil engineer 30 minutes
· Workshop with science center or science institute, creation of 3d models using 3d printers or 3d pens – 120 min.
· Public exhibitions – various duration
[bookmark: _Toc327529440]1.4 Setting (formal / informal learning)
Settings of the activities were both formal and informal. 
Formal activities were performed in the school, in the classroom during mathematics, art and technical modeling. Also, evaluating activities were taken in school setting. 
Formal activities were also conducted as a workshop in Architectural faculty.
Informal activities were based on the public workshops presented by the students to other students in institutions that support science promotion and education (e.g. in Serbia, the students' led workshop was held in the Centre for the Promotion of Science in Belgrade).
[bookmark: _Toc327529441]

1.5 Effective Learning Environment
· Art-based
· Dialogic space/argumentation
· Visits to research center
· Communication of scientific ideas to audience
[bookmark: _Toc327529442]2. Rationale of the Activity / Educational Approach
[bookmark: _Toc327529443]2.1 Challenge 
Students in elementary school are often anxious to know ‘How is this relevant to my life? Why do we need to learn this?’, especially regarding mathematics. The problem lies with the fact that for the students’ mathematical concepts seem very abstract and not-applicable in real life. With this project we wish to answer all these questions and show the students that what we learn in school can be used for solving real life problems and can be applicable in the world around them.
Challenge also lies in connecting several subjects, so that they can simultaneously process the same topics on classes, which leads to correction of curriculum plans and a lot of adjustments, which is very hard in a strict school system (a great challenge for schools in Serbia) 
[bookmark: _Toc327529444]2.2 Added Value
The idea behind this project is to encourage students to develop and build their city. They will do this gradually, from simple to more complex models. Students will first make paper collages and art pieces of the cities, and then building models and city layouts. While working on this project, students will learn key mathematical and engineering concepts, which will help them in real-life situations. They will also learn about what a city needs to function properly and how a pleasant life style can be established for its residents. This is crucial for our future, because before the year of 2050., more than 60% of population will live in a large city.
This project allows students to do individual research and apply learned skills and geometrical knowledge while they solve problems and make decisions based on their knowledge, creativity and imagination. Pupils will use a lot of geometrical concepts e.g.  Designing city parts using geometrical shapes, figures and models. They will involve also skills and knowledge from different subject at the same time.
The aim of the project is to focus on geometry, but it involves a lot of other elements which include IBSE learning, problem solving, cooperation, communication, individual learning etc. Project involves not only mathematical skills, but also involves components of social studies, drawing and painting, making of collages, technical drawing, recycling, research about social development, problem solving and understanding and communication skills.
Pupils of different age, knowledge, sex and abilities can participate in this project. They can enchase interest in mathematics and other STEM sciences, and maybe even choose to become an architect or an engineer, which will influence their future professional orientation. 
[bookmark: _Toc327529445]3. Learning Objectives 

[bookmark: _Toc327529446]3.1 Domain specific objectives
The aim of this project is to explore geometry through different interesting activities, which can connect mathematics and art. Workshops can be implemented during classes or as an individual project.
[bookmark: _Toc327529447]Domain specific objectives are:
· To get students interested in STEM subjects (Science, Technology, Engineering and Math)
· To teach them how can they apply their knowledge to a real life problems
· To show them how can they combine STEM with Art 
· To introduce them to architecture and civil engineering
· To show them how to collaborate and work in team

3.2 General skills objectives
 The general skills objectives are:
· To develop interdisciplinary connections and understanding between students and professors of various subjects, and integration between art and mathematics
· To develop creativity, critical thinking, communicational and social skills with group work, team learning through IBSE and applying their knowledge in new scenarios
· To develop public performance, interactions and dialog with students during public workshops
· To practice learning science trough IBSE steps
[bookmark: _Toc327529448]4. Demonstrator characteristics and Needs of Students

[bookmark: _Toc327529449]4.1 Aim of the demonstrator
The aim of the demonstrator is to enable students to explore and develop different aspects of competences by using art to understand scientific approach in mathematics and architecture. Also, the aim is to provide teachers with an interactive, open educational and outreach platform for inspiring and engaging young students with the mathematics and art. 
We achieve this aim through:
· Exploration of mathematical and geometrical concepts  in 2d and 3d
· Hands-on activities
· Exploration of aesthetics concepts
· Complementing other educational activities for students such as public workshop
[bookmark: _Toc327529450]4.2 Student needs addressed
 Based on quantitative and qualitative feedback from teachers and student, workshops address adequately the following students’ needs:
· Interest in mathematics and art, as well as other STEM disciplines
· Active participation in all activities, their individual and group research, critical thinking and arriving at conclusions 
· Evidence that mathematics is useful and applicable
· Exploration of different competences, talents and aspects of intelligence, because in this activities can be done by students with all levels of knowledge and skills
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5. Learning Activities & Effective Learning Environments
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	Science topic:  Mathematics

Relevance to the national curriculum: 
Application of knowledge in geometry in plane and space, properties of geometric figures and bodies, calculation of scope, surface, volume; proportions, symmetry, similarity 
Class information

Year Group: elementary school students
Age range: 11-14

The scenario allows adjustments and adaptations
so the students with various abilities can participate
	Materials and Resources
What do you need
- Computer with access to the internet, projector, paper, scissors, glue, pencils, 3d printer/3d pens, crayons, paint….

Where will the learning take place? On site or off site?  In several spaces? 
- School classroom
- Science centres and museums
- Science festivals or similar events

Health and Safety implications?  None
Technology? Computers with internet access and video-conferencing equipment, 3d printers / 3d pens
Teacher support? Guiding the process; Preparation and Scaffolding

	Prior knowledge
Some prior knowledge is needed.
The main goal of these activities is to create a real context for applying knowledge about geometric objects and their properties. Activities are organized from simple to more complex tasks to help students of different ages and abilities. During this process, students can restore their knowledge of the scope, surface, volume, proportions, size, and properties of polygons, geometric figures and bodies, angles, transformations, Pythagoras theorem, symmetry, and many other topics that have been learned earlier in mathematics. 
 

	Individual session project objectives (What do you want students to know and understand by the end of the lesson?)
The project was realized through the following workshops (these are guidelines, and can vary in details depending on which scientist to call, in which institution to organize some wokrshops etc):
· Geometrical paper collages – Students are making paper collages of made-up cities, using two-dimensional figures already familiar to them, e.g. triangles, rectangles, polygons, circles etc. These are dependent on the age and knowledge of the participants. The collages were used to determine the level of knowledge amongst students, via calculating materials, circumference, height etc.
· Art form of cities – this workshop was used to present their cities by connecting geometry and art. Most of their effort went on painting city background, adding interesting details using their imagination, and they learned about colors, shapes, different forms and contrast.
· Brainstorming – Students were figuring out the best way to make 3d models of cities – which geometrical figures they can use, and which knowledge form mathematics and other subject is going to be needed for this process. Main questing in this phase were: What is a city? What are all the things and objects a city should need for proper functioning? What are self-sustaining cities? How will future cities look like?
· A visit to Architectural faculty – Here we asked for answers to our questions from professors and assistants from the faculty. With a lot of examples of city-layouts and ideal solutions for real problems form the region, students learned a lot about their next steps. Professors were there to help about techniques for city modeling (today, mainly via different software) and about main features of self-sustaining cities and communities. They were helpful about choosing the proper ratio of the models.
· Session with an engineer – Skype talk with an engineer was a great solution for finding out more hand-on information about sustainability of a city, about power regulations etc. This was very useful because we gathered a lot of information about modern windmills (all using Microsoft Educational programme ‘Skype a scientist’ ). Amongst other, students had the opportunity to learn about parts, size and mechanism of windmills, but also about consequences of a lightning strike and how to minimize them.
· Making a city model – Students study the dimensions of buildings, proportions and scale to be used, test and draw object grid, after which they decorate and glued them together. Its good to encourage students to use recycled materials as much as possible (newspaper, cake packaging, tea and medicine packaging, soda cans, Styrofoam remains, ...). Students calculate how much material they needed by using mathematical knowledge and everything they learned during the project so far. It is good to focus on the things that every city should have, i.e. downtown with buildings for big companies, a mall, a school, a church, residential area, green areas with parks and ponds, and areas for sport and recreation, as well as sources of renewable energy (solar panels and 3D printed windmills).
·  Peer workshop -  Students who are participating in the project are helping their peers through the ‘Making a paper city workshop’. Students present their works so others can get inspired, they also there to help their peers and guide them in making their paper collage easier and faster, to help them calculate how much material is needed and also help them in designing and drawing.
· 3D pen workshop -  Student learn how to use 3D pens and with the assistance of science center volunteers, students build houses. Students learn that they need different parts that are drawn separately and then assembled together. They need to work in teams, assign tasks, draw their parts on paper first and then fill them in with 3D pens.

	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?

Activities can be adjusted to the students’ needs according their age, interest, previous knowledge and students’ personal strengths and competences, because they are divided and sorted based on complexity

	Key Concepts and Terminology

Science terminology:  mathematics, application of mathematics, geometry, scope, surface, volume, proportions, dimensions, angles, geometric shapes and bodies, symmetry, similarity ...
Arts terminology: art, architecture, visual arts, creativity, colors, shapes, forms, contrast, fantasy 

	Session Objectives: 
During this scenario, students will explore: 
- geometry in plane (lines, angles, triangles, quadruples, circles, polygons ...)
- geometry in space (polyhedral - prisms, pyramids, ...)
- mathematical properties of geometric objects and connection with previously acquired mathematical knowledge (algebra, application of Pythagorean theorem, finding volume, surface, volume, scale, proportions, symmetry, similarity ...)
- aesthetic value of geometric images, collages and models
- activities that help students understand geometry
- about science, engineering and technology involved in the construction of cities
- will talk with experts in these areas who will assist them in the realization of the project
- about how science and mathematics encourage art and, if possible, vice versa
- to share the learned knowledge and start a discussion with people who are not involved in the learning process with who students can share acquired knowledge and experience



	Learning activities in terms of CREATIONS Approach

	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 in a dialog with a teacher and each other about application of previously learnt mathematics phenomena. They create and choose questions which will help them and guide them to wishing results during learning through problem solving.
Possible questions are:
what is needed to create a city? How can you make 2d model, and how a 3d model of a city? Which knowledge from mathematics do we need? What is needed for a city to function properly? How can you present a city using art? Which materials can we use? How can a city be self-sustainable?

	Helps students in shaping questions and solving problems, while enriches students’ creativity so they can be more successful in problem solving

	Making drawings and collages using creativity and art

	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 through fun activities research about possible solutions and seek for answers to questions from the previous phase. 
	Organizing workshops, providing materials that will enable students to investigate and look for evidence, enable contacts with the professionals and institutions which can help students during the project. 


	



	Phase 3
ANALYSE: students analyze evidence
	Students analyse evidence, using dialogue with each other and the teacher to support their developing understanding.
	In different groups through cooperation, students are analyzing gathered facts and try to apply their knowledge to city models. 
	Mathematics teachers helps students to connect knowledge needed for the construction of models with mathematical knowledge.
Arts teaches helps them to apply creativity into their work and to enrich their aesthetical value.
	
Making of first 2d models

	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.
	Based on gathered facts and arguments, students try to give their explanations about the topic, and try to figure out next steps. 
	Teachers guide and overview group activities and articulate group discussions.

	

	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.

	In this phase, students are connecting their knowledge from different subjects needed for the successful realization of the project, they develop scientific argumentation and upgrading researched facts 
	Teachers guide and overview group activities and articulate group discussions.. 
	

	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.
	In this phase, students are exchanging conclusions and continue building models. 
	Teachers guide and overview group activities and articulate group discussions..
	Creations of 2d and 3d models 

	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 discus their models, city ideas, ..flow of the project
	Teacher articulate discussions 
	Public exhibitions  





	



[bookmark: _Toc327529452]6. Additional Information

This link contains photograft from all stages of the project  https://1drv.ms/f/s!AhEaBkXi3stxlgoLfwLzpCy14J9f 

Sway presentation of all activities https://sway.com/IpRIjzW3S8plbKPV 

Skype a scientist https://anicatrickovic.weebly.com/my-skype-blog/skype-a-scientist-with-an-engineer 

[bookmark: _GoBack]7. Assessment 

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.

8. Possible extension

· With adding a little history, students can make cities from different regions and historical epochs, e.g. -  ancient cities, cities in the middle ages, Victorian cities, future cities etc.
· If the proportion of the city is enchances (our original one was 1:200), students can show some features with more details, some areas, buildings and objects, as well as traffic areas and vehicles.
· Google Map tool can help by showing the real city, or its part, so the project can be turned into a modeling of an existing city with communication about properties and improvement.
· If there are parts of students’ hometown they are not pleased with, there is a possible solution like going to the authorities with a better idea, and with the models, and maybe take some action to help improve the surroundings and environment
· 
9. References 


Buildings and architecture art lessons https://www.deepspacesparkle.com/category/art-lessons-by-subject/buildings-and-architecture/ 

Scale and proportion in architecture   http://talkarchitecture.in/scale-and-proportion-in-architecture/ 

The Global Goals (Sustainable development goals) https://www.globalgoals.org/11-sustainable-cities-and-communities 

Sustainable Cities and communities UNDP www.undp.org/content/undp/en/home/sustainable-development-goals/goal-11-sustainable-cities-and-communities.html 

Skype-a-Scientist at Microsoft Education platform https://education.microsoft.com/skypeascientist 
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