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overview
Mosquitoes are the world's most dangerous killer - causing over one million deaths every year by the diseases they transmit such as malaria, zika and dengue fever. But, there is a potential solution - why not exterminate all species of mosquito that carry diseases? One method could be to release genetically modified (GM) male mosquitoes into the environment that pass on a lethal gene to their offspring. In this activity, students use knowledge about interdependence as well as applying their working scientifically skills to decide whether they think this is a good idea. 
PROJECT materials
Exterminate 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 dilemma 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 dilemma. In the final lesson they communicate their decision in a performance assessment.  

LEARNING OBJECTIVE
In this lesson students will:
· Interdependence: Describe how a species’ population changes as its predator or prey population changes
· Use the skills of: Interrogate sources, use ethics, estimate risks, justify opinions and communicate ideas
Curriculum LINK
England National Curriculum KS3:
· Working Scientifically:  Scientific attitudes: evaluate risks. 
Experimental skills and investigations: ask questions and develop a line of enquiry based on observations of the real world, alongside prior knowledge and experience
· Biology: Interactions and interdependencies: the interdependence of organisms in an ecosystem, including food webs and insect pollinated crops

GCSE Combined Science subject content:
· Working Scientifically: Development of scientific thinking: appreciate the power and limitations of science and consider any ethical issues which may arise; 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 arguments; evaluate risks both in practical science and the wider societal context, including perception of risk in relation to data and consequences; recognise the importance of peer review of results and of communicating results to a range of audiences.
· Biology: Ecosystems: describe the importance of interdependence and competition in a community.
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

	[image: ]
Set up the project
Introduce the dilemma 'should we exterminate mosquitoes?' Students write down their research questions.

	This section is teacher-led
Resources: 
'Exterminate' presentation and copy of student sheet (KWHL grid)
'Game of life' presentation and copies of student sheets
Display the Exterminate presentation to the class and the learning objectives for this project (2). Introduce the issues surrounding disease carrying mosquitoes (3-7). Display the dilemma that the students will be investigating (8). Carry out a vote by asking students to raise their hands if they think mosquitoes should be exterminated. Discuss the fact that to make an informed judgement they will need more information. Ask them to suggest what they might need to find out.
Show viewpoints from a range of people (9-16). These slides are designed to get students thinking about what research questions would be useful. For example, in slide 9 a question raised could be: 'will using GM mosquitoes work to exterminate dangerous ones?'
Give students a copy of the KWHL grid (SS1) and talk through how it is used (17). Students should work alone to fill in the K section - this is what they already know about the issue. 
They then discuss in pairs possible questions that can 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:
- How are organisms in an ecosystem linked? 
- How can removing one species affect others?
- How do GM mosquitoes exterminate dangerous ones? 
- Is the technology 100% effective? 
- What are the risks and benefits of using this technology?
- What are the ethical arguments for and against?
Students then copy the questions into the W column of their grid.
Discuss how they will fill in the H and L columns later (18). 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 begin to see the range available to them. Explain that most students should use the adapted sources but some may choose to look at the real ones as well. The thinking guides are there to help them to analyse the sources. 
Show the students how they will communicate their findings later (19).

	Students play a game to find out what could happen to other organisms if there were no mosquitoes

	Introduce the first task on The Game of life presentation (2), students use the clues (SS1) to draw arrows to complete the food web (SS2a) which contains mosquitoes. Display the model answer (SS2b) and allow students to self-assess their answer.
Set the next task, to take part in the 'game of life' (3). Game rules can be found at the end of this document.
After the game is played, display some questions to promote discussion on what the game showed them about how changing the population of mosquitoes affects other organisms in the food web (5).
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Analyse and Solve
During this problem solving activity, students estimate the risks, analyse the benefits and consider the ethics of using GM technology to exterminate mosquitoes.
	This section is student-led. They require access to the 'Analyse and solve' page on the Engage website where they can download and use sources. Alternatively, print out copies of the sources.
Real sources: Weblinks to Oxitec video, GM mosquitoes diagram, journal article, press release, news story, opinions of risks and benefits
Adapted sources: Journal article, press release, risk and benefits, ethical viewpoints (website)                                                                                
Thinking guides: Interrogate sources thinking guide, Estimate risks thinking guide, Use ethics thinking guide                                                                                                   
Students can research into how the GM technology works by watching a video from the company that produces them, Oxitec. They can also look at other information on their website if they wish. If students do not have individual access to the internet then show the video to the class.
They read through the journal article and press release (or adapted versions which contain simpler language) and interrogate them by using the Interrogate sources thinking guide. This will help them to decide if the technology will be successful at exterminating dangerous mosquitoes and how reliable the information is. They should note that the press release was written by Oxitec so could be biased. The journal article was published in a peer-reviewed journal but some scientists working on the research were paid by Oxitec. 
They should see that trials have shown that the technology does work in reducing the number of dangerous mosquitoes. However, large numbers of mosquitoes have to be released over an extended period of time which may not be practical.
Students study the risks and benefits of using GM mosquitoes. Direct more able students to use the Estimate Risks thinking guide. They use the weblinks to read through opinions from a number of different people. They choose the two risks and two benefits that they think are the most important to consider and use the thinking guide to assess the size of the risk/benefit. They can then decide if the benefits of using GM mosquitoes outweigh the risks. 
Students who need more support should use the Risk and benefits of GM mosquitoes resource. This includes suitable risks and benefits for the students to assess using a more scaffolded thinking guide.
Students also look at ethics. This is best completed in small groups (or with a family member if carried out for homework). They should use the Use ethics thinking guide which explains the ethical framework 'rights and duties'. 
They then use the rights and duties framework to consider if exterminating mosquitoes is ethical. Viewpoints to promote discussion can be found on the Popplet wall which can be accessed via the link on the website.
You might like to set up a class Popplet wall to gather thoughts of the class. If you do, please consider adding the weblink for this in the comments on the Exterminate webpage so others can view it.
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Communicate
Conversation activity where students share their findings in an engaging way of their choosing
	This section is student-led with a teacher introduction.
Resources: 
Exterminate communication presentation and student sheets

In this part of the activity students use what they have learnt to communicate the information they have gathered which will help them to answer the dilemma. Split the class in half, and ask one half to communicate the opinion 'we should exterminate mosquitoes' and the other half to communicate the opinion 'we should not exterminate mosquitoes'. This is an ideal opportunity to share their findings in an engaging way. You can also use this as a way of assessing their science understanding and application of the skills.
The presentation Exterminate communication guides students through how to decide the audience they will be writing for and form of communication to use (2). This would best be completed as small group discussions which feed into a class discussion. 
To plan their communication, students can use the information they have gathered on the KWHL grid to write down ideas on post-it notes. Each idea should support their opinion and be supported by evidence. Students can use SS1 to organise their ideas. They place all their ideas around the outside, and then move the ones that are best supported by evidence into the middle. These are the ideas that they should choose to use in their communication. Students can be supported further in organising their opinion by using the Justify opinions thinking guide (SS2) and in writing their communication using the Communicate ideas thinking guide (SS3).
The communication should include an infographic to explain more about GM mosquitoes (SS4). You may wish to share some examples of other infographics from the internet to help students design their own.
Invite students to present their communication to the rest of the class. 
Now that students have been presented with opinions of different viewpoints, you can then ask students to make a decision about what they think and vote whether they think mosquitoes should be exterminated.
You can share their decision and compare it with other classes by completing the poll on the Exterminate page on the Engage website.





Game of life instructions
The organisms are divided up into levels according to where they are in the food web:
Level 1 (producers): algae, tree, orchid.
Level 2: Mosquito larva, sloth, male mosquito
Level 3: Bat, frog, catfish
Level 4: Eagle, human, crocodile
Female mosquito is not assigned to any particular level

Assign one student in the role of each level 4 organism, 2 in the role of each level 3 organism, 2 female mosquitoes and the rest as level 2 organisms. Give the students the corresponding cards which they place on their desk.
So, for a class to 26 you would have: 1 eagle, 1 human, 1 crocodile, 2 bats, 2 frogs, 2 catfish, 2 female mosquitoes, 5 mosquito larva, 5 sloth and 5 male mosquitoes. 
The larger the class, the better the game works. If you have a class of fewer than 20 students you might like to consider pairing up with another class for this activity.
There are 5 cards for each producer. Arrange these around the classroom and place 6 beads on each.
The students will need to refer to their completed food web to find out which organisms they eat and which ones will be trying to eat them. Remind them that this is not a competitive game, they should not try and avoid being eaten. In order to model what really happens they need to follow the rules carefully.
Tell the level 2 organisms to find the producer they feed on. They can take one bead at a time and return to their desk before placing it on their card. They have a total of 2 beads to collect before sitting down.
Once the majority of level 2 organisms have sat down, release the level 3 organisms plus the female mosquitoes. They have to find 4 beads. They can steal beads from other students to represent eating them. They must go up to a student who is at their desk and say ‘I’m hungry’. They can then take as many of their beads as they wish from each organism but must return to their desk to fill their card before taking beads from another organism.
If the level 2 organisms run out of beads they can go back to a producer and take more to refill.
The female mosquitoes can only take one bead at a time from the animals they feed on.
When their card is full, again, the organism sits down.
If a level 3 organism, or a female mosquito, runs out of beads they are out of the game. They turn their card over face down and sit at their desk.
When some of the level 3 organisms are sitting down, release the level 4 organisms. They have to find 8 beads. The same game rules apply.
Stop the game when at least one level 4 organism has sat down.
Record which organisms had a full card at the end of the game in the first empty column on table on slide 5 of the presentation. 
To see the effect of the change in the population of one organism on the food chain, repeat the game using a different scenario. Choose one from below: 
1. Deforestation in the forest - remove 2 beads from each tree card.
2. Insecticide is added to the river. Remove all the mosquito larva from the game.
3. Sloths migrate out of the forest. Remove all but one sloth from the game.
4. An exceptionally hot summer has increased the amount of algae in the river. Add 2 beads to each algae card.
5. A disease is killing the bats. Remove all bats from the game.
(If a student's organism is removed from the game allow them to partner up with another student so they are still involved.)
Before starting the game, ask the student to predict what they think the effect will be. Record numbers of alive organism in the table on slide 5.
Repeat the game using the same scenario and see if you get the same outcome. This is an important part of the game because it promotes discussion on the fact that we cannot accurately predict the effects on a food chain, as this in itself is a model.
Discussion questions:
- What do the beads represent?
- Why do you think the game allowed the level 2 organisms to refill their beads rather than die and be out of the game? (Because in real life, there would be many more of these organisms in a habitat, we didn't have enough students to model this)
- How accurate do you think the game is for a model of what really happens? Why? 
- Why did the organisms in the different levels all need to collect different numbers of beads?
- How did the population changes affect other organisms in the food web? Why? Which change had the biggest affect?
- Will the results always be the same each time? Why?
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