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STEM Futures Pod 1 Introduction


	Overview 

	This pod illustrates key problems in the relationship between modern humans and their resources. 

Activity 1.1 ‘The Four Ages of Civilisation’ explores some of the key phases in history such as hunter gathering, urbanisation, farming and industrialisation. Humans have always striven to secure raw materials, food and energy, but the recent use of oil has meant that a growing population is now able to exploit these resources at an ever-increasing rate. 

Activity 2.1 ‘Humans and oil’ looks at an interactive graph to introduce ideas about how human civilisation has responded to increased oil production. 

Pupils use Activity 2.2 ‘How does stuff flow?’ to consolidate the idea that modern manufacturing processes deplete resources and produce waste and toxins.

In Activity 2.3, the film Get Loopy gets pupils to consider the consequences of our wasteful linear manufacturing processes for a finite planet. The film goes on to examine the cyclic nature of sustainable natural systems such as forests. 
	In these systems all waste is retrieved through the carbon cycle, nitrogen cycle and water cycle. These closed loop systems are efficient and clean because they are powered by sunshine. 

We take a closer look at closed loop systems in Activity 3.1 ‘Woodland flows’, where pupils construct a flow chart showing closed loops operating across the living and non-living environment. 

This is reinforced in Activity 3.2 ‘What powers natural systems?’. Pupils construct a model of the water cycle using laboratory apparatus. This activity is used to illustrate the need for an energy source to cycle materials, with the Bunsen flame representing the Sun. 

By the end of this pod pupils should have the basic conceptual understanding of closed loop systems that will allow them to engage with the pods that follow. The plenary to lesson 3 brings together the ideas of renewable energy, cycling and no build-up of toxins to describe a closed loop system such as a forest.


Closed loop theory cards
Pupils must use closed loop theory as they tackle the activities in this Futures topic.

Issue pupils with a set of three closed loop cards (on the following 6 pages) which explain the key elements
 of closed loop theory. 
There are two versions for each card. A simpler version (a), and a more complex version (b). The cards explain these symbols for closed loop theory.

Linear problems
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take → make → dump
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linear systems produce toxins

Closed loop solutions
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waste is food
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renewable energy

Sustainable systems
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Pod summary
 I = Information retrieval
C = Communication

T = Teamwork


M = Modelling

P = Planning

	Lesson
	Activity
	Learning outcomes
	Learning skills
	Code

	1 The ages of human civilisation
	1.1 The Four Ages of Civilisation
	Describe life in other areas.

Explain the links between oil production and the development of human civilisation. 

	Conduct internet research.

Write a creative script.

Extract information from an animated presentation.
	I

C, T

I

	2 What do humans need?
	2.1 Humans and oil

2.2 How does stuff flow? 

2.3 Get Loopy


	Explain the main differences between linear and closed loop systems.
	Extract information from a graph. 

Watch a film with a purpose. 

Construct a flow chart. 
	I

I

C, T

	3 Cycles
	3.1 Woodland flows

3.2 What powers natural systems?

Plenary How does a forest work?
	Describe how natural systems move materials between the living and non-living environment.

Explain that energy is needed to power natural systems.
	Construct a concept map.

Explain a concept using a working model.
	C, T

C, M


Closed loop cards 1
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Closed loop cards 2
[image: image12.jpg]3b: Waste as food in nature

Closed loop solution

Nature uses raw materials to make
structures such leaves, fruit, muscles.
These structures are not wasted but
become food for other organisms. This is a
closed loop system driven by sunshine. In
the same way we need to be able to recycle
all the materials we use in our products.

To do this we have to design our products
so that their components can be easily
returned to factories for reuse. This is

called Cradle to Cradle Design. If we can
power this manufacturing process by using
renewable energy we will also be using
less oil.

There are three main solutions
. Use less new materials when designing a product.
. Design cradle to cradle products that can be

completely recycled.

. Use renewable energy to make products.
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Linear problem
e There is a limited amount of some raw
materials on the Earth.

We use raw materials to manufacture
products for our homes, transport and
cities.

We produce a lot of waste when we
make products from raw materials.
We use a lot of energy when we make
products from raw materials. We need to reduce waste for three reasons

When a product is broken or old we 1. Many raw materials are becoming very
throw it away. expensive and could run out.

Because the population is growing 2. Waste takes up space and can cause damage to
we are using up raw materials at an wildlife and human health.

increasing rate. 3. Alot of fossil fuels are used up to make
products from raw materials.
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Closed loop solution

There is no waste in nature. Leaves,
fruit, muscles and poo are food for other
animals. All the nutrients are being
constantly cycled in closed loop systems.
In nature any waste is food. In the same
way we need to make sure that all of our
waste can be returned to factories to be
used again. To make this easy we need
to design products that can be easily
broken in to their components. This is

called Cradle to Cradle Design. By using
renewable energy for our factories we will
also reduce our need for fossil fuels.

There are three main solutions
3. Use less new materials.

4. Design cradle to cradle products that can be
completely recycled.

. Use renewable energy to make products.







Closed loop cards 3
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Closed loop solution

Poisons in nature are rare. There are some
animals which use poisons to kill prey and
some plants that use poisons to avoid being
eaten. Generally natural systems tend to be
cyclic and self cleaning — there is no build-up
of high levels of toxins. Humans need to
develop closed loop systems that retrieve
toxins from the environment.

~

There are four main solutions

. Do not use toxic raw materials when making
products.

. Do not make any new toxic materials.

. Retrieve any materials from the environment
that may become toxic over time.

. Use renewable energy in factories.
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Closed loop solution

Poisons in nature are rare. Natural systems
are self-cleaning. Humans need to develop
closed loop systems that bring back toxins
from the environment.

There are four main solutions

1. Do not use toxic raw materials when making
products.

2. Do not make any new toxic materials.

3. Retrieve any materials from the environment
that may become toxic over time.

. Use renewable energy in factories.
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Linear problem

Toxins are a special type of poisonous
waste. They cannot be food for anything
else. They get in to the environment by:

escaping from mines
escaping from factories
burning rubbish
burning fossil fuels

We need to avoid toxins for two reasons:

1. They can damage health or cause death to
humans.

2. They can kill wildlife.





Closed loop cards 4
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Sustainable solution

All the systems in nature are driven by ~ / /
energy from the Sun. This form of energy R N g
is clean and renewable (it won’t run out). ™
-
Human systems can also be powered by the ¥t
-
1"/ ’ \

Sun in the form of solar, wave, wind, bio
fuels and hydroelectric power. If we use this
instead of fossil fuels less CO, is produced.
This allows natural systems to clear

the build up of CO; in the atmosphere. There are three main solutions.

We can help this process by increasing 1. Use less energy so less fossil fuels (buried
photosynthesis (planting more trees, sunshine) are burned.

encouraging alga in the oceans).

. Use current sunshine as a source of energy (such
as renewable energy sources such as solar, wave,
wind, bio fuels and hydro-electric power).

. Plant more trees to absorb CO, through
photosynthesis.
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Linear problem

Most energy we use for homes,
transport and energy comes from fossil
fuels — coal oil or gas.

Fossil fuels are rich in carbon because
they are made from plants and animals
that died millions of years ago.

The carbon in fossil fuels was removed
from the atmosphere by photosynthesis
millions of years ago. It is now stored
under rocks — ‘buried sunshine’.

When we burn fossil fuels they produce
carbon dioxide (CO,) and some other
chemicals.

Photosynthesis by plants can’t remove
this additional CO; quickly enough, so it
accumulates in the atmosphere (bulge in
the carbon cycle).

~

We need to reduce our use of fossil fuels for three
main reasons.

il
2%

They are running out.

They contribute to global warming by adding
carbon dioxide (CO,) to the atmosphere.

. They produce other toxins (e.g. soot and sulfur

dioxide) which can damage health
and wildlife.

~
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Linear problem

Toxins are a special type of poisonous
waste. Because toxins cannot be food for
anything else they cannot enter any closed
loop system. Instead of being buried like
other waste, toxins can escape in to the
air, rivers and sea. Toxins can enter the
environment by:

e escaping from mines when we extract
raw materials

being released from factories in to the
air or water

being released when waste is burnt as We need to avoid toxins for two reasons:

rubbish 1. They can damage health or cause death to
being released as fumes when fossil humans.

fuels are burnt 2. They can kill wildlife.
human design such as pesticides







Closed loop cards 5
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Linear problem

e Thereis a limited amount of some
materials on the Earth.
We use materials up to make products
for our homes, transport and cities.

We are using materials up faster than
before because the population is
growing.

We use a lot of energy to make
products from new material.

We produce a lot of waste when the We need to reduce waste for three reasons

stuff is being made. 1. Materials are running out.
When the stuff is broken or old we 2. Waste and rubbish cause damage to people and

throw it away — it goes in to a hole in wildlife.
the ground. . Alot of energy is needed to process new
materials.





[image: image20.jpg]1a: Natural systems powered by sunshine /f\ T’r\

Sustainable solution

Natural systems are powered by sunshine.
Using solar energy does not produce CO;
so will not add to global warming. No toxins
are produced. The Sun is there all the time,
it will not run out — it is renewable.

There are two main solutions
1. Use less energy so less fossil fuels are burned.

2. Use solar powered renewable energy (e.g.
solar, wave, wind, bio fuels and hydroelectric
power).
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Linear problem

¢ Most of the energy we use for homes,
transport and energy come from burning
fossil fuels — coal oil or gas.

Fossil fuels were made millions of years ago.

Fossil fuels are buried under rocks (buried
sunshine).

<\
We need to reduce our use of fossil fuels for three
main reasons.

. They are running out.

. They contribute to global warming by adding
carbon dioxide (CO,) to the atmosphere.

. They produce other toxins (e.g. soot and sulfur
dioxide) which can damage health
and wildlife.
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Lesson plan
1. 
Introduction and film clip 1 (10 mins)

2. 
Activity 1.1 ‘Four Ages of Civilisation’ (45 mins)

3. 
Plenary (5 mins)

Learning skills

· Conduct internet research (I)
· Write a creative script (C, T)
· Extract information from an animated presentation (I)
Learning outcomes

Pupils will be able to:
· Describe life in other areas.
· Explain the links between oil production and the development of human civilisation. 

Resources 

· Film clip 1
· ‘Four Ages of Civilisation’ animation (timeline showing four ages), to be used on the IWB or a monitor shared by the group.
· Activity 1.1 ‘Four Ages of Civilisation’ on pupil slides.
· Closed loop cards

Introductory film clip 1 (10 min)
The introductory films in Futures are starters for each lesson. Three characters are introduced in this first clip. They create a narrative that runs right through the first four pods. The narrative starts with George and Hannah discussing their history project. 
An alien (Spek) appears. Spek can offer George and Hannah help on both their history and their future.
Use the clip to impress on pupils that a new vision of the future depends on an understanding of the past.

Activity 1.1 Four Ages of Civilisation (45 mins) 

The ‘Four Ages of Civilisation’ animation has four main buttons. Behind each button is a set of slides with text that explains the key characteristics of the main stages of civilisation. There is also an audio option that allows you to play a voice-over for the slides.

Procedure

a 
Get pupils into groups of 4. Explain that they are going to learn about some aspects of the main stages in the development of human civilisation. Let pupils know when they need to be ready to perform their plays.

b 
Go through the instructions on the pupil slides. 
c 
Give pupils some time to navigate through the animation at their own speed, or play through the animation from the front, prompting discussion by asking questions.

d 
Allocate one of the Four Ages to each group, and one group to The Future (5 groups in all). Describe their writing task using the pupil slides. Pupils choose a particular time and place within their Age. They summarise key information from the animation before using the the internet to add details. They then write a ‘family conversation’ script collaboratively – with each character contributing their own ‘part’ to the script (250 words). 

e 
Get pupils to read or act out their scripts to the class and comment. 

f 
Provide feedback on how effectively pupils have conveyed the information through their play. Discuss what all the Ages have in common – for example, that humans have always needed food, materials and energy. Get pupils to discuss the The Future script in particular. Discuss the idea that, in the future, the Oil Age will seem like a short ‘blip’ in the whole story of human civilisation. 
Plenary (5 mins)
Discuss:

1. What are the key things that humans need from their environment?

2. How has oil changed our relationship with the natural world?

Lesson plan 

1. 
Activity 2.1 ‘Humans and oil’ (15 mins)

2. 
Activity 2.2 ‘How does stuff flow?’ (20 mins)

3. 
Activity 2.3 ‘Get Loopy’ (20 mins)

4. 
Plenary (5 mins)

Learning skills

· Extract information from a graph (I)

· Watch a film with a purpose (I)
· Construct a flow chart (C, T)
Learning outcomes

Pupils will be able to:
· Explain the main differences between linear and closed loop systems.

Resources 

· Activity 2.1 ‘Humans and oil’: instructions on pupil slides.

· Activity 2.2 ‘How does stuff flow?’ Sets of cards and arrows – printed out and cut up from pupil sheets.
· Pupil slides showing graphs of human population and uses of oil and products from oil.

· ‘Get Loopy’ film

· ‘Get Loopy’ Learning Nutshell

Activity 2.1 Humans and oil 
(15 mins) 
Procedure
a 
Show pupils the graph showing human population growth and oil production. Use it to discuss the following:
1. 
How has oil use and production changed over time?
2. 
What effect have the changes in oil use over time had on human civilisation?
3. 
Why is the graph of oil production the shape it is?

4. 
What are the implications of the oil production graph showing the future? 

Activity 2.2 How does stuff flow? (20 mins)
 
Procedure

a 
Give out pupil sheets (cards to cut up) for Activity 2.2 ‘How does stuff flow?’
b 
Ask pupils to cut out the cards and arrange them to make a flow chart that works. Pupils should use arrows to show the direction of processes. These charts will be mainly linear. Some spare arrow cards can be produced so pupils can add arrows with their own wording.

c 
Get pairs of groups to give feedback to each other. Discuss how linearity makes systems unsustainable. Linear systems mean we will eventually run out of resources.

Activity 2.3 Get Loopy 
(20 mins)
Pupils watch the ‘Get Loopy’ video, which  demonstrates how this take-make-dump system has led to pollution and resource depletion. 

Procedure

a 
Give out the Activity sheet 2.3 ‘Get Loopy’. Explain how this ‘Nutshell’ can be used to record ideas and reflect on learning as they watch the video.

b 
Show pupils the ‘Get Loopy’ video.

c 
Take feedback from the class to establish the difference between closed loop and natural systems.

Plenary (5 mins)
Discuss:
1. Why aren’t linear take → make → dump systems sustainable?

2. Why are natural closed loop systems sustainable? 

Lesson plan

1. 
Film clip 2 and discussion (10 mins)

2. 
Activity 3.1 ‘Woodland flows’ (20 mins)

3. 
Activity 3.2 ‘What powers natural systems?’ 
(20 mins)

4. 
Plenary: How does a forest work? (10 mins)

Learning skills

·  Construct a concept map (C, T)

·  Explain concepts using a working model (C, M)

Learning outcomes

Pupils will be able to:
· Describe how natural systems move materials between the living and non-living environment.

· Explain that energy is needed to power natural systems.

Resources 

· Film clip 2

· Systems card 2 ‘Linear systems’ on pupil slide.
· Systems card 3 ‘Closed loop systems’ on pupil slide.
· Cards for Activity 3.1 ‘Woodland flows’. Woodland flows elements to be copied onto card for reuse. Arrow cards can be copied onto paper since pupils will write on them, or produced with wipe-clean surface for use with non-permanent marker pens.
· Instructions for Activity 3.1 ‘Woodland flows’ on pupil slides.

· Activity 3.2 ‘What powers natural systems?’ on pupil slides.

Resources: equipment and materials per group

· Digital camera(s) and leads for making copies of final flows for pupils to keep.

· Watch glass

· 250 ml beaker
· Heatproof mat

· Tripod

· Bunsen burner
Health and safety

Use of Bunsen burners to heat water should follow safety precautions about stability of the apparatus and potential risk of burning.
SAFETY: Carry out your own risk assessment and take suitable precautions. Do not rely on what is said here. 

Introductory film clip 2 
(10 mins)
Nature produces in great abundance and yet there is no piling up of material. All waste is food for other organisms. Because of this, nutrients travel in cycles that are driven by sunshine.

Activity 3.1 Woodland flows 
(20 mins)
 
Procedure
a 
Divide pupils into groups of 4. Give each group a set of cards. The cards represent stages in a natural woodland cycle. They include pictures of the organisms in a food chain, the air and soil. 

b 
Go through the instructions on the pupil slide.

c 
Ask pupils to make a concept map using the arrow cards to link the organisms. The challenge is to include all the cards, showing the relationships between them. Pupils should write on the arrows with phrases explaining the relationships (processes). The cards could be attached to a flip chart or display board using Blu-Tack.

d 
Discuss pupils’ arrangements of cards as a class. They should be mainly circular because all waste is food for something else in natural systems. Draw out the ideas behind the relationships between the cards. This is the cycling of materials in a natural system.

e 
Offer prompts if pupils have not recognised that the food chain can be extended to soil and air (through introducing death and decay, respiration and photosynthesis). This makes the system a cycle rather than linear. Materials cycle through the living and non-living environment.

f 
Ask what is cycling? Pupils should get the idea that it is matter/molecules that cycle.

g 
Discuss the differences between this system and the ‘flows’ in Activity 2.2. The human system is linear, because waste is dumped, not recycled.

h 
Get pupils to make any rearrangements they wish to their group’s concept map in light of the class discussion. They could photograph their final version so they all have a copy. 

Activity 3.2 What powers 
natural systems? (20 mins) 
Procedure

a 
Tell pupils that water is one of the chemicals that cycles in natural systems. They are going to make a model of part of the water cycle in the lab.
b 
Use the pupil slide to show pupils how to assemble the apparatus.

c 
Show the slide of instructions for setting up the model. Highlight the safe use of Bunsen burners. 

d 
Pupils record their observations over 5 minutes and answer the questions on the pupil slide – you could discuss these as a class. Emphasise the importance of making clear, detailed observations.

e 
Ask the class these questions:
1. What did the different components of the model (apparatus) represent? 

2. Is this a linear or cyclic process? 

3. What is powering the cycle? 

4. Is any water lost? Explain. 

5. Does this model represent the natural cycle accurately?

6. What other systems in nature work like this? 

7. What is different about human systems?

Plenary How does a forest work? (10 mins)
Discuss:
1.
How does waste become food in a forest?

2.
How are forest ‘powered’ by sunshine?

3.
Why don’t forests produce rubbish?

4.
Why do human systems produce rubbish?
Overview 


In this lesson pupils investigate how humans made use of resources in different historical eras. They produce a role play to show how families have provided for their needs through the millennia. With recent use of fossil fuels we have been able to exploit these resources at a much faster rate. In most countries this has resulted in higher populations being able to live more comfortably. Pupils begin to think about a sustainable future beyond the Oil Age.








Overview 


In this lesson pupils investigate the relationship between humans and oil in more detail by looking at oil production over time. They are introduced to the idea that oil has fuelled a take-make-dump linear system. Pupils watch a film that demonstrates how this take-make-dump system has led to pollution and resource depletion.





Overview 


The world’s material systems are based on closed feedback loops. Examples include the water cycle and the carbon cycle, powered by the Sun. These natural cycles are very robust and durable. 


Pupils use a card sort activity that exemplifies the cyclic nature of natural systems. They reinforce this idea by constructing a laboratory model of the water cycle. Finally the class establishes a set of ‘rules’ for sustainability. 











Nuffield STEM Futures pod 1 Introduction Overview
page 7 of 14
© Nuffield Foundation 2010
Nuffield STEM Futures pod 1 Introduction Lesson 1
Page 8 of 14
© Nuffield Foundation 2010

