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car wars    Teacher Guide
overview

In our imagination, it is 2020 and students are about to get their first car. Increased carbon dioxide emissions have led to huge financial incentives to buy renewable. Also I n our imagination, filling stations now provide hydrogen and biodiesel fuels, and recharging points for electric cars are commonplace. So students have a choice – to buy an electric car, a hydrogen fuel cell car, or one which runs on biodiesel. But which is best? Students consider the options and choose a winner and two binners (losers)
LEARNING OBJECTIVES
In this lesson students will:
· Apply knowledge about atmospheric carbon dioxide 
· Evaluate solutions to the problem of increasing carbon dioxide emissions from cars
· Present and support the benefits of one chosen solution to the problem
Curriculum LINK

England National Curriculum KS3:

· Working Scientifically: Analysis and evaluation – evaluate data and present reasoned explanations.
· Chemistry: Earth and atmosphere – the production of carbon dioxide by human activity and the impact on climate.
GCSE Combined Science subject content:
· Working Scientifically: Development of scientific thinking – explain everyday and technological applications of science; evaluate associated personal, social, economic and environmental implications; and make decisions based on the evaluation of evidence and argument.
· Chemistry: Earth and atmospheric science – carbon dioxide as a greenhouse gas.
TEACHING MATERIALS

· The Presentation PowerPoint is the lesson backbone. The Student Sheets are separate, and are reusable or consumable and sharable as indicated. 
· ENGAGE materials are published by the ENGAGE project from the European Commission, as Open Educational Resources, and are published under the Creative Commons NoDerivatives, NonCommercial license. They can be freely used, but not re-published in any revised form.
· Visit the ENGAGE website www.engagingscience.eu for weblinks relating to this activity.
	STAGE/PURPOSE                     RUNNING NOTES

	Starter     
(5 min) Consider which type of car to buy, and discover the percentage of carbon dioxide emissions that comes from cars. 
	Show the BMW advert to introduce the idea of cars powered by energy sources other than petrol and diesel. Point out that this is an advert, and so promotes just one car company. Other companies make similar innovations. https://www.youtube.com/watch?v=OSqdn8kyIUo .

Display (3) and ask small groups to discuss their immediate reactions.

Display (4) to ask students to guess the percentage of CO2 emissions from cars. Click to reveal the answer, about 24%. 

	Core task        
(15 min) Play a board game for an introduction to car selection criteria. 

	Display (5) which gives the question for the core task. Then display (6), (7) and (8) to outline how three different energy sources make cars move. Slide (7) includes a diagram of a hydrogen fuel cell. Hydrogen molecules flow in, and a catalyst breaks them down into hydrogen ions (protons) and electrons. The hydrogen ions move through a membrane to the other side of the cell, where they join with oxygen to make water. The electrons flow through an external circuit, providing electricity to make the motor turn.
Display (9) and provide groups of three with a copy of the game on SS1, three counters made from SS2, and a dice. Students play the board game, ideally two or three times to ensure they land on most squares.

	Plenary  1      
(5 min) Discuss whether there is enough evidence to make a decision.
	Groups discuss the question on (9) – can they make a decision about the best solution to the problem at this stage? 


	Extension 
(10-15 min) Rank criteria and sort argument cards to decide which energy source for cars is best.

	Display (10). Briefly elicit criteria for choosing the best energy source for cars, encouraging students to draw on learning from the game.

Next, students rank the given criteria on SS3, awarding marks as shown at the top of the student sheet. Cost is an important criterion, but has been deliberately omitted to encourage a focus on reducing carbon dioxide emissions.
Students follow the instructions on SS4 to place argument cards on the argument grid, and award marks for each energy source. An alternative strategy here for lower-attaining students is to give a star to the energy source that best meets each criterion. The one with the most stars is the winner.

	Plenary  2
(5 min) Decide on the best energy source, and justify this choice.
	Groups identify their winning energy source.

Display (11). Students decide which car they will buy. Did they base their decision solely on criteria already discussed, or did they consider other criteria, such as appearance, cost or speed? Elicit that decisions such as this are unlikely to be made on science alone.
Ask students how else carbon dioxide emissions from cars can be reduced. Answers might include taking public transport, walking and cycling, and doing activities close to home.
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