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Teacher Guide
overview
As the number of smartphone users worldwide exceeds 2 billion, and as users update their devices with ever-increasing frequency, there are growing concerns about the impacts of smartphone manufacture and disposal on the environment and human health. In this activity, students use knowledge about Earth resources, as well as applying their working scientifically skills, to work out how to persuade phone manufacturers to make eco-friendly smart phones from sustainable materials. 
project materials
Eco-phone is an example of project based learning that can be implemented in two or more lessons. In lesson 1 students are guided by a teacher-led 'set up the project' lesson where they are presented with a problem and write research questions that will help them find out more. During lesson 2 or a homework students work independently, applying skills to analyse sources and solve the problem. In the final lesson they communicate their product in a performance assessment.  
LEARNING OBJECTIVE
In this lesson students will:
· Earth resources: Explain why the recycling of some materials is particularly important
· Use the skills of: Interrogate sources, critique claims, analyse patterns, consider consequences and communicate ideas
Curriculum LINK
England National Curriculum KS3:
· Working Scientifically: Experimental skills and investigations: ask questions and develop a line of enquiry based on observations of the real world, alongside prior knowledge and experience
Analysis and evaluation: interpret observations and data; evaluate data
· Chemistry: Earth and atmosphere: Earth as a source of limited resources and the efficacy of recycling

GCSE Combined Science subject content:
· Working Scientifically: Development of scientific thinking: appreciate the power and limitations of science; explain everyday and technological applications of science; recognise the importance of peer review of results and of communicating results to a range of audiences.
Analysis and evaluation: interpreting observations and other data, including identifying patterns and trends and drawing conclusions.
· Chemistry: chemical and allied industries: life cycle assessment and recycling to assess environmental impacts associated with all stages of a product’s life; the viability of recycling of certain materials.
ENGAGE MATERIALS
· 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 more real-life science lessons.



	STAGE/PURPOSE                     RUNNING NOTES
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Set up the project
Students play games to raise issues arising from the manufacture and disposal of smartphones, and the recycling of some of their materials.

Introduce the question 'Can you convince phone manufacturers to make eco-friendly phones?’ Students write down their research questions.

	This section is teacher-led
Resources: 
'Eco-phone' presentation and copies of student sheets

Display the learning objectives for the project (2). Then briefly introduce the issues surrounding the manufacture and disposal of smartphones (3-5).

Pose the question on (6) and ask student pairs to briefly discuss their prior knowledge.
Introduce the Materials Quest game, and organise groups of four to play the game, following the instructions on SS2 and using the game board (SS1) and cards (SS3a-d).
Following the game, lead a discussion about issues arising from the game, using prompts such as:
· Will smartphone materials run out?
· What are the impacts of extracting and processing smartphone materials?
· What are the impacts of disposing of mobile phones?
· What are the advantages and disadvantages of recycling smartphones?
· What solutions to the problem can they suggest? 

Students then play a game of consequences (7) using SS4-7. This will help them to summarise some of the problematic consequences associated with continuing to make and dispose of smartphones without making changes (business-as-usual).

Display the question that students will be investigating (8). Point out that, in order to convince manufacturers, they will need more information. Lead a brief discussion to elicit in outline what they might need to find out about making eco-friendly smartphones, focussing on using sustainable materials to make individual parts.

Give students a copy of the KWHL grid (SS8) and talk through how to use it (9-10). Students choose one smartphone part to focus on (the casing, the battery, or the circuit board support) and work alone to fill in the K section – this is what they know about the properties that this smartphone part must have. 

They then discuss in pairs possible questions to help guide their enquiry (the W section). Ask pairs for feedback and come to a class decision on the questions that would be most useful. 
Suggestions for suitable questions are:
· Which alternative material that scientists are investigating has these properties?
· How is this material obtained?
· What are the impacts on health and the environment of obtaining this material?
· Is the material renewable?
· What are the impacts of disposing of the material?
· How acceptable will the material be to consumers?
· When will the material be ready to use in smartphones?

Students then copy the questions into the W column of their grid. Explain that they will fill in the H and L columns later (9). Clicking on the image of the Engage webpage will take you to where students will access the sources. Show them the different sources: real ones, adapted ones and thinking guides. Explore a few of the sources so students see the range available. Explain that most students should use the adapted sources but some may look at the real ones as well. The thinking guides are to help them to analyse the sources.
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Analyse and Solve
Students interrogate sources, critique claims and analyse patterns to answer the question ‘Can you convince phone manufacturers to make eco-friendly phones?’
	This section is student-led. Students require access to the Engage website where they can download and use sources. Alternatively, print out copies of the sources.
Resources:
Thinking guides: Critique claims thinking guide (2 versions available for students requiring more or less support); Interrogate sources thinking guide; Analysing patterns thinking guide (2 versions available for students requiring more or less support).

Grass-resin casing (Critique claims)
Real sources Web links to video, web article and scientific paper abstract
Adapted sources Scientific paper, data book page

Tree fibre circuit board (Analyse patterns)
Real sources Web links to press release and scientific paper
Adapted sources Scientific paper, press release

Sugar battery (Interrogate sources)
Real sources Web links to video, scientific paper, web article
Adapted sources Scientific paper, web article
For their chosen phone part, each student watches the video (if available) and reads through the journal article and press release/web article/data book page (or simplified adapted versions). Students use Thinking Guides indicated above to help them to analyse their sources. Points to bring out include:
· Grass-resin casing – the data in the scientific paper, when compared to data for materials currently used for smartphone casing (polycarbonate and aluminium alloys) given in the data book, support the claim made in the video and web article, that the grass-resin material has properties that make it suitable for smartphones.
· Tree-fibre circuit board – the data shown in the bar charts indicate that the material is biodegradable. Its other properties make it fit for purpose. The complete scientific paper includes data showing that, when covered with resin, the weight loss of a sample of the material following treatment with fungi is smaller in a given time, indicating that its biodegradation is slower.
· Sugar-batteries – the data given in the scientific paper indicate that the batteries have a high energy density, which is an important property for smartphone batteries. However, when interrogating the Supplementary Information section of this source students might notice that some of the data given is from an unreliable source – Wikipedia.
Having researched their chosen smartphone part, students might research alternative materials for a second part, or share their findings with others in groups of three.
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Communicate
Students plan how to communicate their findings to a group of smartphone manufacturers.
	This section is student-led with a teacher introduction.
Resources: 
Eco-phone communication presentation and student sheets

In this part of the activity students use what they have learnt to communicate the information they have gathered to smartphone manufacturers. 

Display the communication task (3 and 4). Students work alone or in pairs to use SS5 to help them to plan their communication – most suitable are a video presentation or talk – for the audience of smartphone manufacturers. 
They will need to include information to: 
· persuade manufacturers of the necessity of making changes
· convince them that these changes are possible
· convince them that people will be keen to buy their phones so that their business will continue to be profitable. 
Invite students to present their communication to the rest of the class. 
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