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STEM Futures Pod 5 Pupil project
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Early decisions
STEM teachers need to consider a series of key questions before they begin detailed planning of the delivery of pod 5, ‘Pupil project’. 

1. Choice and autonomy

The Futures project represents an excellent opportunity to allow pupils to pursue a topic of special interest. It also allows pupils to set their own challenges and targets. There are some risks involved in giving pupils more freedom than they are ready for. Have your own pupils clearly in mind when deciding how much autonomy to allow. The autonomy cross below might help you decide what type of project work you want to do with your class. 
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You may have a challenging group who have not yet tried an extended piece of project work. In this case, you may want to present a limited range of project options with a highly structured project plan. 
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You may have a very able group who have already taken part in extended projects. You may want to allow them freedom to choose their topic as well as freedom to decide how they will carry it out.
2. Time

Think about the best time of year to carry out the project work. There is usually more flexible curriculum time in the summer term after the exams. On the other hand, Futures may be competing with a visit to a theme park at this time. Consider whether you want to spend one day or two on the project. If you decide on two days, you might want to separate these to allow pupils to consolidate learning and move the project on in their own time.

3. Place and resources

Secure a dedicated room or rooms for the duration of the project. This is important to avoid having to move equipment around. Make the room feel novel by providing interesting and informative stimulus materials. Organise appropriate furniture and think about how you want the seating and the work spaces set out. You might allocate designated areas for particular tasks like video work. 
Pupils will need materials such as scissors, glue, coloured paper and felt pens. Make sure that you have sufficient ICT resources – one computer between four pupils, printer, cameras, IWB and projector. You may also want video cameras.
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4. Outcomes

Use the autonomy chart on the left to decide how much choice to allow your pupils about how they present their project. The most basic outcome is a display over two A2 boards, but there are different options depending on the confidence of the pupils and the expertise and numbers of staff involved. 

· Electronic presentation, e.g. slide shows, animations, games

· Flat presentation work, e.g. posters, leaflets, brochures 

· Static 3D models, e.g. scale models

· Active 3D models, e.g. working models

· Interactive media, e.g. debates, radio shows, interviews

· Performance, e.g. plays, poetry, song. 

5. Staffing

It is essential to have the full support of the leadership team. You need additional staff, and they do need to be staff with the right expertise and enthusiasm. You certainly need Science, Maths and D&T teachers. Any other discipline will be able to add something to the team if they are happy to be involved in cross-curricular education. Art, drama, English and ICT teachers could add value to the final presentation. You might want to invite interested parents to help. Involvement of a professional from the STEM community would lift the project.

6. Pedagogy

The project will require a different style of teaching from normal lessons. Teachers assume the role of facilitator rather than expert. The teacher may be a co-learner, but must still be in charge of moving the learning on. 
The project pentagon on the right shows a number of interrelated factors that the teacher must take into account to help pupils produce successful work. This is challenging and the teacher is central to success.
A Engagement

The key role of the teacher is to make sure that pupils are excited about carrying out their project. 
This shouldn’t be difficult, since pupils are rarely given this opportunity in most schools. You will need to excite them about both the subject matter and the plans for group work and presentation.

B Responsibility

The motivation of the pupils depends on your ability to communicate the degree of responsibility expected from them. This depends on the type of pupils you have. At one extreme you could provide a brief and let the group choose, plan, carry out and present their project. Even at the other end of the spectrum, pupils respond well to any small areas of responsibility. 
C Challenge

In the Futures project, pupils set their own targets and level of challenge. This is unlike most other lessons. The teacher needs to negotiate these challenges with the pupils skilfully. Pupils can become despondent if they have set themselves impossible tasks. On the other hand, pupils should be given the scope to excel.

D Scaffolding 

Decide how much scaffolding to provide in order to keep the project on course. You will certainly need regular plenaries and other discussions to break the learning into reasonably sized pieces. Probing questions should focus pupils’ ideas so they think deeply about what they are doing. Each group will need different amounts of support to keep the project moving forward.

E Pace

Over the two days of the project, pupils will inevitably need thinking time and some ‘chilling’ time. You still need to make sure that the project maintains momentum and pace. Do this by agreeing milestones that groups work towards. Give frequent time reminders. If the whole class needs ‘lifting’ introduce a game or some brain gym.
7. Planning the exposition
The scale of this depends on how many pupils are involved and the ambitions of the STEM team. The profile of the exposition can be increased by moving the display to other places in the school, or further afield to outside the school (for example the local library or community centre).
There is advice for pupils on putting on a display in Exhibition on sustainable futures: Pupil briefing sheet. The most complex form of presentation is for the pupils’ in collaboration with teachers’ to organise and run a STEM Conference. This is extremely demanding in terms of time, effort and commitment. There is advice for pupils in: Your STEM Conference Briefing sheet.

8. Gantt charts

A Gantt chart is a graphic device to enable planning. It consists of a series of horizontal bars which represent both the tasks to be tackled and the time taken for the task. It allows for parts of tasks to overlap and for them to be carried out simultaneously. It also allows the planner to build in ‘slip’ for the contingency that some tasks might take longer than anticipated.

Here is a simple example of a Gantt chart for producing a quick puppet theatre performance.
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Lesson plan

1. 
Introduction and film clip 16 

2. 
Activity 1 Choosing a Futures question

3. 
Activity 2 Agreeing evaluation criteria

4. 
Activity 3 Planning your project
5. 
Activity 4 Communicating the project

6. 
Activity 5 Allocating tasks

7. 
Activity 6 Carrying out the project

8. 
Activity 7 Evaluating the projects

9. 
Plenary

Learning skills

· Give and take feedback on project proposal

· Agree and use evaluation criteria for a project
· Plan a project

· Communicate a project through an effective medium
Learning outcomes

· Identify a problem or question relating to closed loop theory
· Identify a closed loop solution to a sustainability problem
· Identify useful ideas from STEM subjects. 

Resources 

· Film clip 16
· Project pack (one per group) including:

Activity 1 Choosing a Futures question 
Activity 3 Planning your project

Activity 5 Allocating tasks 

Activity 6 Carrying out the project

Activity 7 Evaluating the projects
· Closed loop cards (first used in pod 1)
· Pupil briefing sheets to be used as needed:

STEM conference briefing sheet

Exhibition on sustainable futures briefing sheet
· Learning Nutshell

Equipment
· Internet access for research 

· Materials for presentations such as poster paper and art materials, depending on the project
Pupils will draw on work done in previous pods (See ‘Early decisions’ for advice on equipment)
See also the alternative stimulus activity ‘Exploring the carbon cycle’ in the Appendix 4a to this Futures topic.
Introducing the project
Tell pupils that they have now developed the knowledge, skills and understanding to embark on a research project of their own. 

Describe the structure of the pod and explain that they will be working in groups to produce a presentation of their project. Use the slide to describe the kinds of presentation you will be looking for and how the final exposition will be organised.

Make sure pupils have their closed loop cards available for reference.
Film clip 16 

The final film clip shows George and Hannah about to return home from a field trip. They thank Spek for everything that they have learned so far, and explain some of the changes they have made in their life. Spek tells them that when they get back to school they should start a new project – a project to design a new planet. 

Explain to pupils that they have the chance to choose a closed loop question of their choice to explore. They are going to design part of a planet.
Activity 1 Choosing a Futures question 

This is a crucial moment, when pupils demonstrate that they can take a familiar ‘green’ problem and reframe it into a ‘closed loop problem’. Green solutions are usually about doing less. Closed loop solutions involve doing things differently. Pupils should use their closed loop cards to come up with some ideas.

This activity takes two parts: first pupils turn ‘green’ questions into more ‘closed loop’ questions suitable for their Futures projects. Next, pupils score the questions using criteria relating to whether the question is suitable for a Futures project.

Procedure

a 
Get pupils into small groups and allocate one of the three questions provided to each group. 

b 
Discuss how to turn ‘green’ questions into closed loop questions. Possible feedback on potential Futures questions is suggested in the table on the next sheet. Discuss one question in detail before setting the next task.
c 
Groups now use the table on Activity sheet 1 ‘Choosing a Futures question’ to score and rephrase green questions. The questions and scoring sheet are on pupil slides. An example of how to break down an overarching question into more manageable sub-questions is also provided on a slide.

d 
After 5 minutes, get the class to discuss feedback from all three questions. Get pupils to summarise their ideas on how to ask a focused question, and how to choose questions suitable for a ‘closed loop’ project. 
See the criteria for evaluating possible questions in the table on the next sheet. 

Activity 2 Agreeing evaluation criteria for the project 
Procedure

a 
Agree with the class some of the key criteria on which the project will be evaluated. They could build on the criteria used to score questions in Activity 1. The teacher and pupils should record the agreed class criteria to use later. For the project to be successful it should (for example):

· Identify an important question relating to sustainability. 

· Use science, mathematics, and design & technology ideas to identify a solution. 

· Use closed loop theory to find a realistic solution. 

· Involve all members of the group. 

· Use a range of sources for research, and evaluate these. 

· Communicate ideas effectively through appropriate media. 
· Explain the processes involved in researching and presenting the project.

Activity 3 Planning your project 

Procedure

a 
Get groups to use pupil Activity sheet ‘Planning your project’ to draft some initial project ideas of their own.

b 
Pupils use sheet ‘Getting feedback on your plan’ to evaluate each other’s project plans.

c 
Groups revise their project proposal on the basis of feedback from peers and teachers.

Activity 4 Communicating the project

The nature of this stage will depend entirely on the scale and ambition of the STEM team involved. It might range from a small exhibition or presentations to a whole-day conference. 

Conferences provide important communication channels between professionals. Components of a conference include presentations, discussions, workshops and poster sessions. By creating a ‘STEM conference’ on the topic of Futures, students would be given an opportunity to communicate their ideas and learn important lessons about organisation and communication. 

Advance planning of, for instance, arrangements for the venue and invitations to visitors may need to be carried out before the week of the STEM project.
Procedure

a 
Groups decide on their final product. They need to describe it in detail. 

If it is a presentation, short film, play or animation, pupils will need to use a storyboard to sketch out what information, resources and visuals are needed for each screen or scene.

If it is a poster, leaflet or article, pupils should make a sketch of its layout. What text, data and visuals are needed in each section? 

If it is an exhibition, what will the exhibits be? (models, labels, poster and so on).

Is there a time or event to display the final projects? Will visitors be invited?

b
 There are student guidance sheets on running a conference and setting up an exhibition.
Activity 5 Allocating tasks 

Procedure

a 
Tell pupils that to meet the project deadlines each member of the group will need to carry out specific tasks in a given order. 

b 
 Get the pupils to draw up a schedule like the one provided, to show who needs to do what, and when.
Activity 6 Carrying out the project

Procedure

a 
Pupils now carry out the tasks they have set themselves.

b 
When pupils get to checkpoints, they need to make decisions about revising their plan if necessary. 

c 
Provide guidance on alternative strategies. Make sure that pupils who finish their task early help other members of the group.

d 
Ask pupils to refer to their Learning Nutshell to check which skills might be useful for this stage. Pupils should refer to their closed loop cards to help focus on closed loop solutions.
Activity 7 Evaluating the projects 

Procedure

It is crucial to leave enough time for pupils to see each other’s work, to evaluate it, and receive feedback. Pupils use the criteria for success agreed in Activity 2 to evaluate their own work and the work of another group or groups. Paired feedback can reduce the overall presentation time. 

Feedback is most useful when it is constructive. Try to balance positive and negative feedback. Pupils should be encouraged to use feedback to help focus on what they do well, and what they need to improve on.

Plenary
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Check 

· that pupils have addressed most of the questions raised over the Futures topic
· that pupils speak to other pupils who will help them fill in gaps.
Discuss
1.
What skills do you think have been most valuable to you during the project work?
2.
What was the most challenging part of the Futures topic?

3.
What did you find most enjoyable about the topic?
Criteria for evaluating sample questions

	Statement/question
	Refining a closed loop question 

	1 Can people afford to change to green products? 


	This statement is too broad. Limit it to certain kinds of product such as cleaning products or clothes. 

Encourage pupils to look for scope to do calculations, such as working out how to make green products more affordable.

How can we use cradle-to-cradle design to develop products which are affordable and fit for purpose?

Science could be used to explain how the closed loop thinking framework explores the ‘real’ environmental cost of products.

Improved question: Why would closed loop production produce cheaper cleaning products in the longer term?

	2 What will happen if we don’t reduce CO2 emissions?


	This question is too broad. Restrict the question to climate in the UK, effects on a particular species, or a single climate feature such as flooding worldwide.

Focus this type of question, for example, on not using non-renewable energy sources which release stored CO2 into the atmosphere; or carbon sequestration and offsetting, to reduce impacts. 

Improved question: How might increased CO2 emissions affect the wildlife in the ecology area you have chosen?

	3 How can transport to our school work in a closed loop system? 


	This type of local problem focuses on possible action, and is likely to involve the type of knowledge and understanding that pupils have encountered in this project. 

Pupils should be encouraged to consider potential barriers and ways to overcome these.

In the time available, limit the question to a specific problem.

Improved question: How can we increase the number of pupils cycling to school?


Project ideas and resources
Key organisations and resources

Ellen MacArthur Foundation

http://www.ellenmacarthurfoundation.org

The Ellen MacArthur Foundation (EMF) provides closed loop case  studies and opportunities to become involved in a national programme of Project ReDesign workshops.
World Wide Fund for Nature

http://www.wwf.org.uk
The WWF produces posters, Information packs and online activities that explore international biodiversity issuesu8.
Practical Action

http://practicalaction.org

Practical action produces resources and  case studies based on sustainable design especially in developing countries.
International Climate Change

www.interclimate.org/challenge
Case studies and resources on energy, waste and food.
Key texts

Ken Webster & Craig Johnson, Sense & Sustainability, Terrapreta, 2009
Michael Braungart & William McDonough, Cradle to cradle, Vintage Press, 2009

Key
Scale of question : local (L);  regional (R); national (N);  global (G) 

Subject bias:  science (S);  mathematics (M);  technology (T)

Area of enquiry:  transport (T);  energy (E);  materials (M)

Closed loop problem:
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linear problem
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waste is food in nature

[image: image8.jpg]


 
toxins build up in linear systems
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natural systems are powered by sunshine
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sustainable closed loop solution
1. How can we bring transport in our area into a closed loop system?

	Question
	Scale 
	Subject
	Area
	Closed loop problem

	1. How can we encourage primary school parents to take part in a walking bus or cycle scheme?
	L
	S/M
	T
	

	2. How can we encourage parents to use a car sharing scheme to drive their children to and from school?
	L
	S/T/M
	T
	

	3. Would biofuel powered buses be part of a closed loop system?
	L
	S/T/M
	T
	

	4. Would switching to electric cars in our area help bring transport into a closed loop system?
	L
	S/T/M
	T
	


Key

Scale of question : local (L);  regional (R); national (N);  global (G) 

Subject bias:  science (S);  mathematics (M);  technology (T)

Area of enquiry:  transport (T);  energy (E);  materials (M)
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Teacher resources

· Ingenia March 2009 Issue 38 (Biofuels, the future?) Available at www.ingenia.org.uk
· Ingenia December 2010 Issue 43 (Electric vehicles report) Available at www.ingenia.org.uk

2. How can we redesign familiar household products using cradle 
to cradle thinking? 
	Question
	Scale 
	Subject
	Area
	Closed loop

problem

	1. Which is more sustainable, a towel or an electric powered hair drier? Design a cradle to cradle hair drier.
	N
	S/T/M
	E/M
	

	 2. Which is more sustainable, a broom or a vacuum cleaner? Design a cradle to cradle vacuum cleaner.
	N
	S/T/M
	E/M
	


	3. Which is more sustainable, a clothes line or a tumble drier? Design a cradle to cradle tumble drier.


	N
	S/T/M
	E/M
	


	4. Which is more sustainable, a washing tub plus washing board or a washing machine? Design a cradle to cradle washing machine.


	N
	S/T/M
	E/M
	



Key

Scale of question : local (L);  regional (R); national (N);  global (G) 

Subject bias:  science (S);  mathematics (M);  technology (T)

Area of enquiry:  transport (T);  energy (E);  materials (M)
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Teacher resources

· Ken Webster & Craig Johnson, 2009, Sense & Sustainability, Terrapreta.
· Michael Braungart & William McDonough, 2009, Cradle to cradle, Vintage Press.
· Sustainability matters in design & technology: CD enabling students to look and compare products with activities such as life cycle analysis.  http://developmentbookshop.com
· Practical Action website contains downloadable product evaluation tools, enabling product comparison. http://practicalaction.org/

3. How do we redesign clothing to be within a closed loop system?
	Question
	Scale 
	Subject
	Area
	Closed loop

problem

	1. Which is more sustainable, clothing made from synthetic fibres or natural fibres? How can we create cradle to cradle clothing?


	G
	S/T/M
	M/E/T
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	2. How might smart textiles enable cradle to cradle thinking in the way we use fabrics?


	G
	S/T/M
	M/E/T
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	3. Where in the lifecycle of clothing are the biggest environmental impacts?

	G
	S/T/M
	M/E/T
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Key

Scale of question : local (L);  regional (R); national (N);  global (G) 

Subject bias:  science (S);  mathematics (M);  technology (T)

Area of enquiry:  transport (T);  energy (E);  materials (M)

Closed loop problem:  [image: image33.jpg]
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Reacher resources

· Ken Webster and Craig Johnson, Sense & Sustainability, Terrapreta, 2009
· Michael Braungart and William McDonough, Cradle to cradle, Vintage Press, 2009
· Raymond Oliver and Anne Toomey ‘Design drives – materials innovation’ Ingenai March 2010 Issue 42. 
Available at http://www.ingenia.org.uk/
· Sustainability matters in design & technology: CD enabling students to look and compare products with activities such as life cycle analysis.  http://developmentbookshop.com
· Practical Action website contains downloadable product evaluation tools, enabling product comparison.  Also includes Sustainability handbook and Key stage 3 booklet with research and design context on reusing textiles  http://practicalaction.org/
· Website with textile design briefs  http://www.sda-uk.org/textiles.html 

4. How can we use alternative energy sources to bring energy into a 
closed loop system?
	Question
	Scale 
	Subject
	Area
	Closed loop

problem

	1. To what extent can wind power be used to supply our energy needs? How would this bring energy supplies into a closed loop system?
	N
	S/T/E/M
	E
	

	2. To what extent can tidal and wave power be used to supply our energy needs? How would this bring energy supplies into a closed loop system?
	N
	S/T/E/M
	E
	

	3. To what extent can solar power be used to supply our energy needs? How would this bring energy supplies into a closed loop system?
	N
	S/T/E/M
	E
	

	4. To what extent can alternative energy be used to supply the energy needs of communities living in developing countries?  How does this bring energy supplies into a closed loop system?
	G
	S/T/E/M
	E
	


Key

Scale of question : local (L);  regional (R); national (N);  global (G) 

Subject bias:  science (S);  mathematics (M);  technology (T)

Area of enquiry:  transport (T);  energy (E);  materials (M)

Closed loop problem:  [image: image38.jpg]
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Teacher resources

· WWF: school resources including Climate change information pack http://www.wwf.org.uk
· Practical Action website contains a range of teaching resources on renewable energy and links to recommended resources.   There are case studies of biogas usage in developing countries http://practicalaction.org/
· Heating and lighting our homes by sunlight, and statistics about energy use in developing countries http://www.stepin.org
5. How might waste management systems be brought into a closed loop?

	Question
	Scale 
	Subject
	Area
	Closed loop

problem

	1. How much ‘waste material’ does my family generate each week? How might cradle to cradle thinking bring waste systems into a closed loop?
	L
	T/M
	M
	

	2. How does the local authority manage waste disposal? How might cradle to cradle thinking bring waste systems into a closed loop?

	L
	T/E/M
	M
	

	3. How much ‘waste material’ does a local factory generate each week? How might cradle to cradle thinking bring waste systems into a closed loop?
	L
	T/E/M
	M
	


Key

Scale of question : local (L);  regional (R); national (N);  global (G) 

Subject bias:  science (S);  mathematics (M);  technology (T)

Area of enquiry:  transport (T);  energy (E);  materials (M)
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Teacher resources

· Jeff Goodell How to cool the planet, Houghton Mifflin Harcourt, 2010
· Nina Hall ‘Geo engineering – challenges and global impacts’. Ingenia December 2009 Issue 41 
Available at www.ingenia.org.uk
· ‘Geoengineering challenges and global impacts’Institute of Physics July 2009 seminar report 
Available at www.iop.org/publications/iop/2009/file_44080.pdf
· ‘Geoengineering the climate: Science, governance and uncertainty’, Royal Society (2009). Available at http://royalsociety.org/geoengineering-the-climate/
· Practical Action website: ‘Less Is more – research task, activity booklet and design brief on redesigning to minimise waste materials’; ‘Re-use it!’; Waste and recycling information sheets on lots of materials.
http://education.practicalaction.org 
6. How can geo-engineering help human activities be part of a 
closed loop system?
	Question
	Scale 
	Subject
	Area
	Closed loop

problem

	1. How might painting roof tops reduce global warming? Does this provide a sustainable closed loop solution?
	L /G
	S/T/M
	M/E
	

	2. How might spraying sea water into the atmosphere reduce global warming? Does this provide a sustainable closed loop solution?
	R/G
	S/T/E
	M/E
	

	3. How might ‘sunshade engineering’ using reflective discs in space between the earth and the sun reduce global warming? Does this provide a sustainable closed loop solution?
	G
	S/T/E
	M/E
	


Key

Scale of question : local (L);  regional (R); national (N);  global (G) 

Subject bias:  science (S);  mathematics (M);  technology (T)

Area of enquiry:  transport (T);  energy (E);  materials (M)
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Teacher resources

· Sustainable Design & Technology website offering downloadable slide shows covering many aspects of sustainable buildings, including materials and energy use. http://www.sda-uk.org
7. How can we produce and supply food within a closed loop system?

	Question
	Scale 
	Subject
	Area
	Closed loop

problem

	Which is more environmentally sustainable, buying food from a supermarket or from a farm shop?  
	G
	T/S
	E/M
	

	How could we encourage more people in our area to source their food in a more sustainable way?  
	L
	T/S
	E/M
	

	Would growing all your own food be part of a closed loop system?  
	L
	T/S
	M/E
	


Key

Scale of question : local (L);  regional (R); national (N);  global (G) 

Subject bias:  science (S);  mathematics (M);  technology (T)

Area of enquiry:  transport (T);  energy (E);  materials (M)
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Teacher resources
· Practical Action website offers many resources including Sustainability handbook for Design & Technology teachers, ‘Food miles’ activities and slide shows, and student booklet containing research and design activities on using local and organic foods. http://education.practicalaction.org 
· Sustainability Matters CD – covers the big sustainability issues with food and enables students to do life cycle impact assessment activities.  http://developmentbookshop.com
8. How can we develop ways of providing food that incorporate 
closed loop thinking?

	Question
	Scale 
	Subject
	Area
	Closed loop

problem

	1. How can we use closed loop systems to make our vegetable garden more productive?
	L
	S
	E/M
	


	2. How can the school kitchen use closed loop thinking to operate more ecologically?


	L
	S/M
	M
	

	3. How might farmers use closed loop thinking to operate more ecologically?


	R
	S/M
	E/M
	


Key

Scale of question : local (L);  regional (R); national (N);  global (G) 

Subject bias:  science (S);  mathematics (M);  technology (T)

Area of enquiry:  transport (T);  energy (E);  materials (M)
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Teacher resources

· The Foundation for Science and Technology (2008) ‘Food security – the global balance of supply and demand for food’, Meeting at The Royal Society, 15 October 2008. Available at http://www.foundation.org.uk/ 

· ‘The politics of food - Inside and outside school’, Marion Rutland and David Barlex in Norman, E. W. and Spendlove, D. (eds), D&T – A platform for success The Design & Technology Association International Research Conference 2009, 85 - 92, Wellesbourne, Design & Technology Association ISBN 1 898788 85 5
Overview 


In this summative project pupils use skills, knowledge and understanding about closed loop systems to identify a problem or question relating to sustainable futures. They then research, design and present a closed loop solution.
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