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STEM Futures Pod 3 Cars

	Overview 

	In this pod pupils explore their relationship with cars and how this will change in the future. 

In Activity 1.1 ‘The history of the motor car’ pupils study an interactive graph showing the recent massive increase in oil production which has provided, among other things, fuel for cars. The graph gives access to a series of video clips showing how cars have changed our landscape and the way we live. Pupils are given a quiz to test their recall of information from the clips. Next, pupils consider what will happen to cars as oil becomes too expensive to extract and use for fuel. 

In Activity 1.2 pupils play a version of Top Trumps that helps them to think about why people need cars. They are introduced to a series of car design solutions for bringing cars into a closed loop system by using less fossil fuel. 
	In Activity 2.1 ‘Soot from cars’ pupils carry out an investigation to monitor particulate air pollution, taking samples from trees in their school grounds. 

Traffic pollution in Mumbai is explored in Activity 3.1. Pupils make calculations about the viability of an engine conversion scheme, and write a report summarising the effects of traffic pollution on human health. 
Pupils consider their own travel options in Activity 4.1 ‘A sustainable school run’. They collect information to work out the logistics of bringing all pupils to school by bus.  They research other sustainable transport solutions which could be increasingly employed in the future.


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  Cars in our lives
	1.1 The history of the motor car

1.2 Top Trumps
	Explain the relationship between car ownership and oil production.

Make a choice from some-one else’s perspective.

Explain how some features of modern car design are helping to bring cars into a closed loop system.
	Record information from video clips.

Select data for a purpose.


	I, T

I,  C



	2  Investigating air pollution
	2.1 Soot from cars
	Plan an investigation.

Evaluate the reliability of the investigation. 

Draw conclusions from data.
	Use a standard technique to collect and compare samples along a transect.
Assume a role in a team.

Evaluate teamwork.
	I ,T

T

T

	3 Traffic pollution
	3.1 Traffic pollution in Mumbai
	Show how maths can be used to help solve a STEM problem on sustainability.

Explain how traffic pollution can damage health.

Suggest strategies to reduce traffic pollution in Mumbai.
	Use a flow chart to plan a mathematical solution.
Collaborate to write a report.
	C, P

C, T



	4 and 5  Sustainable transport
	4.1 A sustainable school run
	Demonstrate the need for a sustainable school transport plan.

Propose a set of closed loop transport solutions.

Explain how a sustainable school transport plan will help reduce use of buried sunshine.
	Establish criteria for assessing a presentation.
Evaluate a presentation and give feedback.


	P

C, P
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Lesson plan 
1. 
Introduction and film clip 7 (5 mins)

2. 
Activity 1.1 ‘The history of the motor car’ 
(25 mins)

3. 
Film clip 8 (5 mins)

4. 
Activity 1.2 ‘Top Trumps’ (20 mins)

5. 
Plenary (5 mins)

Learning skills

· Record information from video clips (I, T)
· Select data for a purpose (I, C)
Learning outcomes

Pupils will be able to:

· Explain the relationship between car ownership and oil production.

· Make a choice from someone else’s perspective.

· Explain how some features of modern car design are helping to bring cars into a closed loop system.

Resources

· Film clips 7 & 8

· Interactive graph showing peak oil and the history of the car for use in Activity 1.1.

· Pupil slides of instructions for Activity 1.1 (making notes from video clips).

· Pupil slides for quiz in Activity 1.1.
· Activity 1.2 ‘Top Trumps’ instructions on pupil slides.

· Activity 1.2 Optional pupil sheet of Top Trumps instructions. One per group may be useful.

· Activity 1.2 ‘Car engine fact files A–F’ (6 sheets), one set of fact files needed per group. These are to provide information to help pupils produce their own Top Trumps cards.


· Activity 1.2 ‘Top Trumps’ cards to cut out; ideally these would be printed in colour, laminated and cut out in advance.
· Top Trumps card template; these are blank templates to allow pupils to prepare their own cards. 

· Learning Nutshell

· See also the alternative Cars activity ‘Which green car?’ in the Appendix to this topic
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Introductory film clip 7 (5 mins) 
In this clip, Hannah and George are being driven to school by George’s dad. They complain about the traffic holding them up, but also complain about walking. Eventually they think of some good reasons for walking and get out of the car. Get pupils to think about whether all the journeys they make are necessary. 
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Activity 1.1 The history of the motor car (25 mins) 
  
In this activity pupils study a graph of oil production since 1800. They watch video clips accessed along a timeline, and make notes on how car usage has changed over the period. They begin to think about what will happen to cars after peak oil.

Procedure

a 
After watching film clip 7 explain that driving to school is a relatively recent luxury. Tell them that they are going to learn about the history of the car for a short quiz.

b 
Discuss the graph of oil production (on pupil slide). Explain that we believe that we are now at the peak of oil production. This means that oil production will not match future consumption. The cost of motoring will inevitably rise. 

c 
Get pupils into pairs, and tell them that they are going to watch a series of slides about the history of the car. They will make notes to use in a quiz on this topic. Each pair competes with others in the class.

d 
Show the first video clip of the history of the car on the interactive graph. This is for pupils to see the type of information they need to record.

e 
Then show each video clip in turn, including repeating the first one. Pupils make notes to record as much detail as possible. 
f 
Use the slides to play ‘Who wants to be a million tonne carbon off-setter?’ Organise a way to score for the quiz. For example, putting two groups together will allow each group to monitor the score of one other group. They should tally this score by looking at the response their partner group has recorded before the correct answer is shown.

g 
Discuss what the class think will happen to transport after peak oil.

h 
Discuss how the winning pairs made notes to record information quickly as the video clips were shown. This could have been made more effective by, e.g., putting one member of the pair in charge of recording particular aspects of the information – sharing the load. They could have made a table with columns for the different categories of information.

Film clip 8 (5 mins)
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This film begins a discussion about what a perfect car would be like. Is it possible to have a car that looks good, is cheap to run, has high performance and is also sustainable? 
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Activity 1.2 Top Trumps 
(20 mins) 
  

Procedure
a 
Discuss ‘What is the perfect car?’ Establish some of the basic specifications of cars. Are they all important to everybody, or does every driver have individual requirements?

b 
Tell pupils that they are now going to play a game that will explore some new types of car which are much more sustainable.

c 
Get the pupils into pairs. Give each group a set of Top Trumps cards and a blank template. 

d 
Explain the rules of Top Trumps using the pupil slides.

e 
Tell the class that they will play the game for 10 minutes. 

f 
Each group then uses information in the ‘Car engine fact file’ to produce four to six more Top Trumps cards about sustainable cars. 

g 
Once a group has the new cards, they should be added to the pack and the game played again.

h 
Pupils now adopt the role of a particular type of driver. They choose an individual from the character case studies provided. They select an appropriate car for their character’s lifestyle from the Top Trumps pack. 

i 
Next, get pupils to select a new car for their character, based on a scenario where: 

· the cost of petrol has increased by 50% because of oil prices.

· the government has introduced a 20% subsidy on the price of cars with CO2 emissions below 200 g per km. 

j 
Pupils finish by producing a strapline advertising their chosen car. 

k 
Ask pupils what they think the future of the car will be. Which types of cars are likely to be the most popular? Which ones are most successful at fitting into a closed loop system for carbon?

The statistics on the Top Trumps cards come from 2009 car magazines. 
The figure for acceleration on each card is the number of seconds to go from 0–60 miles per hour.

Plenary (5 mins) 
Discuss:
1. What are the main benefits and disadvantages of cars?

2. How will cars of the future increase the benefits and reduce the disadvantages of cars?
Lesson plan

1.
Introduction and film clip 9 (10 mins)

2. 
Activity 2.1 ‘Soot from cars’ (45 mins)

3. 
Plenary (5 mins)

Learning skills

· Use a standard technique to collect and compare
samples along a transect (I, T)

· Assume a role in a team (T)

· Evaluate teamwork (T)

Learning outcomes

Pupils should be able to:

· Plan an investigation.
· Evaluate the reliability of the investigation. 
· Draw conclusions from data.

Resources: equipment and materials needed per group
· Clipboard

· Tape measure

· Trundle wheel

· Sticky tape, 1 roll

· Scissors, or sticky tape dispenser

· Hand lens

· Noise sensor/datalogger (optional)
· Map of transect area (park, school grounds)

· Tree identification key 
· Key to lichens (optional)
Resources: from this pack

· Film clip 9

· Instructions and discussion questions on pupil slides 
· Activity Sheet 2.1 ‘Evidence collection sheet’. This is a table to help pupils collect data systematically.

Introductory film clip 9 and discussion (10 mins)  

This film opens up a discussion about what kind of chemicals there might be in car pollution and how they might affect us. 

Discuss with pupils what they already know about pollution from combustion engines, and how it can affect health and the atmosphere. 

Activity 2.1 Soot from cars

Health and Safety 

An appropriate risk assessment specific to the site being used, and in line with school policy, must be carried out. Pupils must always be properly supervised when working near roads. Risks to pupils on out-of-school activities make it vital that all trips which take pupils any distance away from school are planned carefully and well in advance. 
The leader of the field trip has particular responsibilities which must be taken seriously. Most local authorities will have regulations and guidance for the conduct of out-of-school activities and complying with these is essential.

Hazards need to be identified in advance and precautions taken; pupils must be warned and supervised with these hazards in mind.

Refer to CLEAPSS Laboratory Handbook Chapter 17: Monitoring in the Field and Laboratory.

Procedure

IDENTIFY THE SITE IN ADVANCE. There needs to be two or three trees (preferably the same species) at varying distances along a transect that starts at a road or car/bus park. 

Collecting pollution samples (30 mins)

a 
Get the pupils into groups. Explain that for designers, developers and engineers to make informed sustainable decisions they need good data from scientists. Tell them that they will carry out an investigation to provide information relevant to the placement of a picnic table in the school grounds.

b 
Discuss with pupils the nature of car exhaust fumes and what they contain. Ask pupils to consider what signs they might look for if they are trying to find car pollution. Establish that soot is one component of air pollution (carbon particles). Explain how biological indicators such as lichen species help scientists to monitor pollution.

c 
Go through the instructions for the investigation on the pupil slides. Agree a standard technique for collecting samples. This might be to place a 3-cm length of sticky tape firmly onto the bark of the tree at height of 1 m, leave for 10 seconds and then remove it. Soot and other particles will stick to the tape. Ask pupils to suggest how they might make this a fair test: how hard do you press the tape? How long do you leave it on? Which side of the tree do you use? etc. 

d 
Get pupils to select and carry the apparatus out to the sampling area. Show pupils the sample area. Get pupils to predict the relative levels of pollution at different points in the area. You will need to explain how to sample using a transect.


e 
Demonstrate how to collect and record any additional information at the site such as noise levels, tree girth, tree species or the presence of lichens.

f 
Explain that you need some way of ranking soot samples to establish a pattern. Show pupils how to use the data collection sheet to qualitatively compare each sample with a standard sample (the first sample taken near the source of pollution). By comparing each sample in relation to the previous sample, they should be able to decide if there is a pattern.
g 
Give pupils a time limit for collecting their data. It is important that, within groups, each pupil has a specific role. These include collecting samples, identifying species, measuring distances, recording data. Each group needs to collect at least 3 samples. 
In school (15 mins)
h 
Ask pupils to examine their samples with a magnifying glass to find out if the soot levels change along the transect. 

i 
Pupils should use the sample nearest the road as a standard sample to compare with the others. They should decide whether each sample has more or less soot than the previous sample, and more or less than the standard sample from near the site of pollution. This allows them to rank the soot samples to see if there is a pattern.

j 
Pupils should check whether the other information they have collected (noise, lichens) backs up their data. They need to know that lichens are sensitive to pollution, so you expect to find more lichen as pollution decreases.

k 
Questions on the pupil slides guide pupils in describing, explaining and evaluating their data and team work skills. Each group could discuss the questions and provide reasons for their decisions:

1.
How reliable is your data?
2.
Where should you site a picnic table in the sampling area?
3.
What are benefits of working together in a team?

4.
How did you decide who would do which job? 

5.
What aspects of working as a team did you find difficult?

6.
What would you do differently next time in order to work more effectively?
Acknowledgement: Activity adapted from: Melissa Glackin’s activities at London Outdoor Science (www.fieldstudies-council.org/outdoorscience). 

Plenary (5 mins)

Discuss:
1. How effective was this investigation at surveying pollution?

2. What would you need to do to improve the investigation?

3. What should be done about the pollution in your school grounds?

Lesson plan
1. 
Introduction and film clip 10 (10 mins)

2. 
Activity 3.1 ‘Traffic pollution in Mumbai’ (45 mins)

3. 
Plenary (5 mins)
Learning skills

· Use a flow chart to plan a mathematical solution (C, P)
· Collaborate to write a report (C, T)
Learning outcomes

Pupils will be able to:

· Show how maths can be used to help solve a STEM problem on sustainability.
· Explain how traffic pollution can damage health.
· Suggest strategies to reduce traffic pollution in Mumbai.
Resources

· Calculators

· Paper and pencil or pen
· Marker pens for highlighting text
· Film clip 10

10 sheets best bound together as a pack:

· Activity sheet 3.1 ‘Traffic pollution in Mumbai’ pupil instructions (side 1), one per group needed – also on slide.

· Activity sheet 3.1 ‘Traffic pollution in Mumbai’ Report section 1 (side 2) one per group needed 

· Activity sheet 3.1 ‘Traffic pollution in Mumbai’ Report section 2 (sides 3 and 4), one per group needed 
· Activity sheet 3.1 ‘Traffic pollution in Mumbai’ Report section 3 and Traffic pollution case studies (sides 5–10) one per group needed
Introductory film clip 10
(10 mins) 
In this film Spek transports Hannah and George to the streets of Mumbai. The discussion introduces the friction between personal convenience and social impact. Making cheaper cars that are affordable for more people runs the risk of producing more pollution. Ask pupils if they think everyone should have a car.

Activity 3.1 Traffic pollution in Mumbai (45 mins) 

  
Procedure

a 
Explain that the government in Mumbai is trying to reduce air pollution caused by taxis. They are considering passing a law insisting that all taxis convert from petrol to Compressed Natural Gas (CNG). 

b 
Use the slides to explain to the pupils that they are going to write a report for the Mumbai government. Get them to decide who will prepare each section.

Report section 1 Health risks from air pollution

c 
Discuss the images of traffic in the film clip. Explain that the pollution levels are causing serious health problems in Mumbai and other cities.

d 
Refer to the article on the Traffic pollution resource sheet (‘Air Pollution Health Studies and their relationship to vehicle technology’). 

Report section 2 Can the taxis be converted to CNG in time?

e 
Tell pupils working on section 2 of the report that they are going to work out whether it is possible to convert the whole taxi fleet to CNG in the time available. 

f 
Pupils extract the numbers from the Mumbai Local Government press release: ‘Can the taxis be converted to CNG in time?’ Ask the class to discuss, in their groups, how they would work out how long it might take to convert the taxis. What would they need to know?
g 
Show the Traffic pollution in Mumbai: problem-solving chart. Explain that its purpose is to structure pupils’ thinking about the problem. (There is an example of a completed problem-solving chart at the end of these notes and on the final slide.)

h 
Give guidance where necessary. Once pupils have carried out the calculation, discuss the method they used. 

For example, pupils need to know: 

· How many taxis are there?

· How long does it take to convert one taxi?

· How many taxis can a garage convert in one day?

The numerical information needed to engage with the problem is: 
· There are 15 thousand diesel taxis

· There are 16 garages that can convert engines to use compressed natural gas

· Each garage operates for 25 days a month

· Each garage can convert 3 taxis per day

Report section 3 What else could the Mumbai government do to reduce air pollution?
i 
Direct discussions about the pie chart provided (side 5 of the activity sheet) along the lines of ‘Is the policy relating to taxis likely to be effective?’ Consider that taxis only represent a small percentage of traffic. The new law could put taxis out of business. Explain that pupils can also use the case studies to find ideas to help reduce the traffic problem. (Mumbai did impose the law in 2002. All taxis were converted to CNG. Air pollution has reduced as a result.)

j 
Pupils then suggest some other measures that would reduce pollution. This could include anything from congestion-charging to laws requiring conversion of all cars and two-wheeled vehicles.

k 
Section 1: Get one group to feed back on their report, and ask others to pose questions and add any additional points. This section starts with health risks from diesel. Ask the group to explain why the government is considering passing laws to reduce emissions.

Section 2: Ask one group to come to the front and write onto the slide parts of their solution, explaining how their group worked it out. Ask others to ask questions and add any additional points. An exemplar is filled in on the next PowerPoint slide.

Section 3: Ask one group to come to the front and explain their solutions. Ask others to ask questions and add any additional points. Discuss how these solutions are complex, and there may be repercussions that are difficult to predict. Working with a local community to come up with suitable solutions is essential.
Plenary (5 mins) 
 
Discuss:
1. What are the main problems with heavy urban traffic?

2. What might the closed loop solution be?

3. What would be the main obstacles for implementing these solutions?

 
Lesson plan
1. 
Introduction and film clip 11 (10 mins)
2. 
Part A: Selecting criteria (15 mins)

3. 
Part B: Planning the mini project (15 mins)
4. 
Part C: Researching and preparing the presentation (45 mins)
5. 
Part D: Giving feedback (20 mins)
6. 
Plenary (15 mins)
Learning skills

· Establish criteria for assessing a presentation (P)
· Evaluate a presentation and give feedback (C , P)
Learning outcomes

Pupils will be able to:

· Demonstrate the need for a sustainable school transport plan.
· Propose a set of closed loop transport solutions.
· Explain how a sustainable school transport plan will help reduce use of buried sunshine.
Resources: equipment and materials needed per group

· Computers with internet access and PowerPoint

· Calculators

· Paper (A2, A3 and A4)

· Marker pens 

· Scissors 

· Glue

· String 

· Blu-Tack

· Drawing pins

· Map of school and catchment area (copied onto A3)
· Pupil slides of task instructions, selecting criteria, planning a project and giving feedback
Resources
· Activity sheet 4.1 ‘Part A: Selecting criteria’, one per group
· Activity sheet 4.1 ‘Part B: Planning a mini-project’, one per group
· Case studies 1–5 from Lesson 3 ‘Cars’, one per group
· Film clip 11
· Learning Nutshell
Introductory film clip 11 
(10 mins)  

In this clip Spek shows George and Hannah some successful sustainable transport solutions that are already in place. Use this to open up a discussion about sustainable transport systems that pupils are already familiar with. 

Activity 4.1 A sustainable 
school run
  

Procedure

a 
Divide the class into groups of four. Set the scene by telling pupils that they are going to design a sustainable transport system to get all the pupils in the class to school. The main component of this system will be a school bus service. 

b 
Explain that they must produce a 5-minute presentation that proposes a sustainable closed loop solution. They must decide what audience they are presenting to, such as pupils, governors, parents, and local businesses. Tell them that the main focus of their work will be on establishing criteria and evaluating each other’s work. 
Part A: Selecting criteria (15 mins)
c 
Give pupils Activity sheet 4.1 ‘Part A Selecting criteria’. Use the pupil slides to help pupils think about the nature of their presentation. They need to produce a list of evaluation criteria for their presentation that refer to both content and communication of their ideas. 

d 
Two groups now compare each other’s criteria and agree a shared list of six. These two groups will watch and evaluate each other’s presentations. The groups should agree how they will carry out the evaluation of presentations. They design an evaluation sheet to use when evaluating the other group to the agreed criteria.

Part B: Planning a mini-project 
(15 mins)
e 
Now get pupils to begin to plan their mini-project using the planning sheet provided. Use the slides to make suggestions for structuring the projects. Check that plans are realistic, cover both content and communication, and meet the pupils’ own criteria. Pupils should select a poster, leaflet, PowerPoint, radio show or newspaper article as their medium (or a combination of these).

Part C: Researching and preparing the presentation (45 mins)

f 
Pupils will need help working out the shortest route for a bus which collects pupils on a school run. They can use thread or string to model the route taken by a bus. By measuring it and carrying out scale calculations, they can work out distances. Blu-Tack or pins will help the string stay in place. Make sure pupils have access to all the equipment and resources they require. Circulate and keep pupils on task. Give frequent time reminders. Scaffold pupils’ work by asking probing questions about what they have found out.
Part D: Presenting and evaluating 
(20 mins)

g 
Get pupils to present their ideas to their partner group. Pupils should feed back constructively in line with the criteria they have selected and agreed. 

Plenary (15 mins) 

Discuss:
1.
What are the merits of the different criteria that each group has used?

2.
How do the different solutions help reduce the amount of fossil fuels burnt?

3.
How does using less fossil fuel help promote sustainable living?

Pupils use their Learning Nutshell to record their thoughts about this pod. 

Overview 


In this lesson pupils consider why cars have become such a central part of our life. They use an interactive timeline to learn about the history of cars for a quiz. A Top Trumps game then explores why people might choose different types of car. This game also introduces pupils to some new more sustainable designs for car engines. 








Overview 


Pupils use some qualitative techniques to investigate where car pollution may be a problem within their school grounds or a local park. They record and compare soot pollution at different distances from a road. They analyse and evaluate the reliability of their data and reflect on their role in group work. 








Overview 


Pupils review written information about the impact of Mumbai’s traffic on health. Pupils write a report in three sections to advise the Mumbai government on whether diesel taxis should convert to cleaner Compressed Natural Gas fuel (CNG).


Writing the reports involves summarising health risks from air pollution, calculating whether the conversion to CNG can happen within the given time, and advising on possible actions to reduce air pollution.





Overview 


By now pupils will have established some problems with excessive use of cars running on fossil fuels. In this summative task pupils begin to explore their own travel patterns. They consider how they could design an efficient sustainable transport system to deliver all the pupils in their class to school.
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