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            FOREWORD BY PHIL BEADLE

         

         ‘Open your books at page 34. Do exercises 1 through to 17 and shut up while you’re doing them!’

         I’ve sat in on some quite poor science lessons in my time (two in a row, in fact, where one of the key words was ‘bucket’). The ‘not really trying very hard’ version of these lessons always seemed to be orientated around a stained textbook. The kids were guided through a reasonable enough practical activity but were always forced to follow this up with a series of drab comprehension questions that the students answered entirely perfunctorily, all the time studiously ignoring the teacher’s vain and frustrated wish that they write in full sentences. We didn’t learn much. But the time passed. And we were, all of us, one day nearer the day we got out of this dump.

         It was a shame that this brilliant subject was marginalised as the blind, impotent witch in the triumvirate of important things to know (maths, English and the other one). I remember thinking a decade ago that it could be so much more than it was at that time.

         Enter Teach First. Enter Catrin Green.

         The first time I sat in a science lesson and thought, ‘Oh, this is how it should be done,’ was in a knackered lab in an academy in the outer reaches of Croydon. Here, a young woman, the author of this book, was taking risks, expecting the kids to understand difficult things, playing with the form. It was relatively early on in her first term as a teacher and she was already really, really good. So good, in fact, that they offered her the head of science post before the end of the second term. (I believe she said no as she wanted to focus on being as good a teacher as she could be.) 

         But it was not just the lesson, profoundly impressive as it was, or the kids’ achievement and enjoyment, which was tangible, that impressed. It was in the feedback afterwards, in which Catrin, fizzing with intelligence, started questioning some of the Ofsted tropes and some of the thoughtless givens of ‘fashionable’ pedagogy at the time. I recall thinking that if Catrin Green was in any way representative of the kind of teacher Teach First were bringing into the profession, then I would have to put my cynicism about it away.

         Science teaching has, I feel, improved a lot since I spent much of my life sitting at the back of other people’s lessons ticking and crossing silly boxes. Things move on. And Catrin is no longer a talented ingénue sparking with potential. The book you have in your hands is written by a seasoned and talented teacher with nearly 10 years’ experience of getting kids in Croydon to learn science, to love science and to love learning science. There will be bits that you disagree with, and there might be points at which you throw the book across the room (Catrin’s approach is – dare I say – quite ‘progressive’ at points); but what you have here are the thoughts and ideas of an excellent practitioner who always finds a better way of doing things than, ‘Open your books at page 34. Do exercises 1 through to 17 and …’

      

   


   
      
         

            INTRODUCTION

         

         In some ways, science teaching hasn’t moved on that much since you were at school. The formation of ionic bonds, identifying the organelles of the cell and the difference between voltage and current are still mainstays in the vast catalogue of content we have to teach. However, just as scientific understanding itself has moved on, so has the way we teach it.

         Nowadays, science labs are rarely rows of benched students working through questions from a textbook or copying notes from the board. Science teachers have moved on from the ‘This is the truth – now get on with it’ mentality I remember from the lessons I was subjected to at school towards a focus on lively and engaging ways of teaching the key concepts. This shift, though, can pose a challenge to teachers as exciting student-centric lessons can be time consuming to plan and, if this planning hasn’t been properly undertaken, they can result in students learning little or nothing. This book aims to show you how you might plan memorable (and, yes, even fun) lessons in a time efficient way that, most importantly, has learning at the centre.

         Science is more important and more high profile than ever before: 92% of firms across all sectors require staff with science, technology, engineering and mathematics (STEM) backgrounds and most struggle to recruit the right people.1 If we are going to plug the gap in numbers, science teachers need to teach cutting edge content and provide new experiences for our students in order to pass on our passion. Many adults have gone on to be totally enthralled by popular science after they’ve left school, but if you asked them what their memory of school science was, they would have reported ambivalence to the lessons at best and active dislike at worst. It is incumbent on practitioners to ask why this is, what we might do about it and how we might change things so the science curriculum comes alive. 

         Additionally, people can so often be easy victims to the dupery of ‘bad science’ because they don’t have a good enough grasp of scientific knowledge to see through the guff. A student in your classroom could go on to work in the media or in the next area of pseudo-science (we will not be giving any time here to homeopathy etc.). As such, it is our duty as science teachers to ensure that young people are able to make informed decisions in the future – and we do not end up producing the next Gillian McKeith or ‘science’ correspondent for the Daily Mail.

         Most science teachers have a degree in the subject and ought to be pioneers in using techniques founded in the theory of science. Ongoing research from cognitive psychology should be used to inform how we teach, so this book draws on a number of ideas sourced from Hattie’s well-known metaanalysis.2 Whilst teaching is never going to be a physical science, and whilst acknowledging that what works in an inner city school may not work in a rural grammar, research can show us new ways to think about our practice and look for ways to become better teachers. What unifies all the ideas in this book are that they are designed to engage your students and to make sure they learn; you should be able to use them to support students regardless of your school setting.

         I have always had an active classroom – we regularly sing, dance and play games to learn new content – but we also believe in challenge. These two ideas are mutually exclusive only to the myopic or the bigoted. It is possible that some of these ideas, at first attempt, may result in a perceived failure, but this can often be merely an ‘implementation dip’ and it is important that you keep trying with them. We can’t teach our students to learn from and embrace their mistakes if we are not happy to do the same. 

         Successful science teaching is all in the balance: the balance between knowledge and skills; the balance between student engagement and hard work; the balance between teaching incredible lessons all day, every day, and managing to maintain any semblance of sanity. This book is a guide to finding the middle ground on all these issues. It will give you plenty of hands-on ideas about how to make the teaching of scientific ideas memorable, without you planning lessons until midnight and arriving at your class with bags under your eyes and a look of horror on your face, rather than the big smile that is a teacher essential.

         Danielle McNamara observes: ‘There is an overwhelming assumption in our educational system that the most important thing to deliver to our students is content. Teachers assume that when they have covered something in a course that it should be absorbed by the student.’3 Science teachers do have to deliver a lot of information to students, and we need to find interesting ways of making that knowledge mean something to young people so they can remember it and create their own understandings. The number one issue all science teachers talk about is how difficult it is to pass on all the knowledge in the curriculum whilst also extending and developing scientific skill. Any glimpse at a GCSE science specification will see the word ‘recall’ littered over every page, but if all we do is share information then our students won’t develop real understanding of it. And just because we have lots of knowledge to communicate, this doesn’t mean that we should always fall back on resorting to chalk and talk as a default setting. This has its place, of course, as there are times when explicit instruction is necessary for clear understanding (such as when introducing the concepts of reacting masses or half-life). However, I find that using a variety of teaching tools is the best way to achieve the balance we are after. 

         Even if you are able to give your students the most memorable experiences possible, this may well not be enough to ensure that they will be able to commit such information to long term memory. You will also need to establish that they are not labouring under misconceptions, you will have to give them chances to really think and you will need to provide opportunity after opportunity for them to practise what they have learnt. The following chapters outline how to achieve good learning in science classrooms.

         
            1 See http://www.policyexchange.org.uk/publications/

category/item/science-fiction-uncovering-the-real-

level-of-science-skills-at-school-and-university.

            2 J. Hattie, Visible Learning: A Synthesis of Over 800 Meta-Analyses in Education (Abingdon: Routledge, 2008).

            3 D. S. McNamara, ‘Strategies to Learn and Learn: Overcoming Learning by Consumption’, Medical Education 44(4) (2010): 340–346.

         

      

   


   
      
         

            Chapter 1

            THE IMPORTANCE OF THE BIG PICTURE

         

         ‘BUT WHAT HAVE PARTICLES GOT TO DO WITH REAL LIFE?!’

         
            The science curriculum can appear as a ‘catalogue’ of discrete ideas, lacking coherence or relevance. There is an over-emphasis on content which is often taught in isolation from the kinds of contexts which would provide essential relevance and meaning.

            Robin Millar and Jonathan Osborne1

         

         To engage students in learning we provide them with a peg on which to hook their new learning – usually background knowledge from day-to-day life, from the previous lesson or from a prior topic. What a student already knows about a subject has a much greater impact on achievement than both the interests of the student and the skill of the teacher,2 and whilst it is not possible for a teacher to fully influence a student’s background knowledge, one of the most important factors in its acquisition in the first place is the number of opportunities that we provide students with to understand the content and how we find ways of linking the science to real life. 

         TELLING THE STORY

         Although we would probably all agree that science is an awe inspiring subject, scientists (science teachers included) need to become much better at communicating this awe to those who are not yet scientists. All students are curious – no matter how apathetic they may initially appear – and the trick is to find the hook with which to engage them. One of the best ways of doing this can be to bring the science to life with a story. This isn’t a new idea, of course, as linking knowledge to a story and creating a narrative has long been a key way of developing knowledge and learning. Not only does a story allow students to interconnect ideas they might already have about science, but it also allows them to place their knowledge in a wider context.

         Storytelling is perceived as central to learning in English or history lessons, and whilst it might seem slightly more difficult (or even counterintuitive) in science, it’s actually pretty easy. Think about any science documentary you’ve ever seen on TV – this is always the method they use to introduce new topics. Not only is it engaging but it also provides an anchor for the new knowledge. Additionally, provided they are not too bogged down in unnecessary detail, stories are easy to remember: psychologists believe they are treated differently in the memory to any other kind of material.3 Students often struggle with the fine detail, so if we launch straight into the nitty-gritty of any topic they will quickly ask, ‘Why are we doing/learning this?’ Showing them the bigger picture and leading them towards being interested is a good start point. Then the students will start to ask questions: ‘Yes, but how?’ or ‘What next?’ You might wonder what this has to do with learning, but studies have shown that teaching students the cognitive strategy of asking questions results in significant gains in comprehension.4 A random list of 10 numbers with no connections is difficult to learn, but link the numbers to things in your own life and suddenly it’s not quite so hard after all.5 Therefore, a student who is simply taught what electrons, protons and neutrons are (without any surrounding context) may struggle to understand their relevance, but a student who has been taught about how our understanding of the basic building blocks of life has evolved has a connection between the different ideas and gets why they are studying it and how it is relevant to them. 

         HOW CAN I GET IT RIGHT FROM THE START?

         A simple idea to start introducing stories into your teaching is to think pretty hard about the title of your lesson. So, a lesson that might otherwise be called ‘The atom’, could be ‘What are we really made of?’ or ‘What is the smallest thing we know about?’ Bill Bryson’s A Short History of Nearly Everything is a fantastic place to start if you need some inspiration for stories.6

         Choose the most interesting sections of the story, litter it with some little side facts that spark interest and employ photos and diagrams to illustrate.7

         Here are some examples of how to storify science for students.

         Biology: ‘Are we really 97% the same as chimpanzees?’

         Evolution can be a tricky topic to teach, mainly because students walk into your classroom with existing ideas and misconceptions about what it is. Starting with evolution as a story is a really good way in: I begin this subject with the story of Darwin during his time at Cambridge. I tell them that he was so curious by nature that he used to eat owls and hawks, and that one of the results of this curiosity was his trip to the Galapagos Islands. At this point, it’s important to note that a story doesn’t have to be told just by you but can be investigated through group work and projects. For instance, allocate each group of students a different segment of Darwin’s story: one group could be given information on his journey, another what he discovered on Galapagos with regards to finches, another how he tried to convince the public and so on. Get them to present these in date order.

         
Biology: ‘Why do I have to have that injection?’

         For an account of Edward Jenner, who pioneered the smallpox vaccine, start with a picture of someone suffering from the later stages of smallpox (warn the students first!) and it is likely you will inspire the awe that you are seeking. Continue by painting the story of how deadly smallpox was (some estimates suggest that between 300–500 million people have died of the disease – a higher fatality rate than both world wars combined8). Next – and this is a great opportunity to show how medical advances can come from thinking outside of the box – explain how Jenner went from hearing that milkmaids who had contracted cowpox almost never contracted smallpox and that this led him to try inoculating subjects with cowpox before exposing them to smallpox to test his hypothesis. Continue this into the present day by observing that smallpox could be used in bio-terrorism and why it is essential that students do not listen to any of the scare stories regarding vaccinations (after all, your students will be parents one day).

         Biology: ‘Why do 100,000 people die of cholera every year but I’ve never heard of it?’

         John Snow’s (no, not the guy from Game of Thrones) discovery of cholera in 1849 was incredible given that he couldn’t see bacteria. Cholera was originally thought to be airborne until Snow looked into a particular case in Soho, London. Show students the same maps that he looked at of where people had been infected and prompt them with some questions. What patterns can they see? Would this pattern support the theory that the infection was airborne? Why/why not? How else could it have been spread (it’s best if students already have a bit of background on communicable diseases first)? Once students have suggested that it could be spread through water, show them a second map with locations of the various water wells and see if they can identify the one on Broad (now Broadwick) Street as the source of the infection. Follow this up with similar exercises into recent epidemics (e.g. the Zika virus or Ebola). 

         Biology: ‘How can babies have three parents?’

         This is a great way to introduce a Key Stage 4 genetics topic. Teach the role of the mitochondria through the process and ethics of allowing three person babies.9 Start the lesson by providing pairs of students with any news clippings you can find about this type of a story (differentiate your material here – some pairs will be able to understand The Guardian or The New Scientist; others might better engage with a clip from the BBC website). Next, split the pairs so that one student has to oppose the idea whilst the other one agrees. Give them time to prepare before getting them to debate in a ‘debating ring’ (see Chapter 3).

         
Biology: ‘Why am I like my parents?’

         The impact that the discovery of DNA has had on our understanding of inheritance is best started with a clip from Jurassic Park (the original one, obviously – there’s nothing wrong with showing your age). The film can be used to explain how the park brought dinosaurs back from extinction. Use a think–pair–share activity (see Chapter 2) to ask students if they think this would ever be possible and then get them to brainstorm what they already know about DNA. This is important because aspects of this topic are part of everyday life, so you shouldn’t assume the students have little background knowledge. A good activity here is to produce a student timeline at the front of the classroom. Start with a student Charles Darwin at one end of the room (get them to make a Darwin sign to hold up) and ask them to explain what Darwin told us about evolution. The next student along from Darwin should act as Gregor Mendel and should explain his pea experiments (have some YouTube clips up your sleeve to remind the students if they are rusty). Now you need to skip to the 1950s, so leave a largish gap and choose four students to be the pioneers of DNA, using them to play the roles of Rosalind Franklin, Maurice Wilkins, James Watson and Francis Crick. (As an aside, the lack of a Nobel prize for Franklin is a great discussion point to engage the girls.) It’s worth finishing with a task regarding environment and genetics which will allow the students to conclude just how much (unfortunately) they are like their parents.

         Chemistry: ‘How have we got such a range of materials?’

         Tell the story of the turning points in chemistry, starting with Aristotle believing that the only four elements were fire, earth, air and water through to the modern day and new wonder materials such as graphene. This is a good way to start teaching elements and compounds before introducing students to the periodic table. Hand out some Lego and ask the students to make simple structures (e.g. house, truck, skyscraper). Then ask them why it is possible that a number of different objects can be made from the same building blocks. Use this analogy to illustrate the difference between elements and compounds (and for those who grasp it quickly, molecules). Then you can finish the lesson by looking into how close we are getting to some of the technologies in Iron Man.

         Chemistry: ‘Why is there always a periodic table in my homework planner?’

         This is the story of Dmitri Ivanovich Mendeleev. As the students enter the room, ask them to find the periodic table in their planner and pose the title of the lesson to them. Use a snowball activity to find out what students think (see Chapter 2). Provide them with element cards identifying the key properties (most schools will have a set of these or they can easily be found on the Internet); if you can manage it, a sample of some of the elements is useful as well. Ask the students in pairs to sort them in any way they wish, as long as they can justify why they have grouped them together (e.g. they all have low melting points). Tell the students that the activity they’ve just completed is the essence of what Mendeleev did to come up with the periodic table and, at this point, go through a timeline activity (like the Darwin example above or get the students to use sequencing cards). For the more able, pose some challenging questions to help them think further (e.g. Why is hydrogen so lonely in the periodic table? Why are some periods cast out on their own?). Once the serious work is complete there are a lot of sing-a-long videos about the periodic table that can be found on YouTube that no student is ever too old or too cool for. Finish the lesson by asking the students the same starting question and perhaps get them to provide an exit pass explaining what they now think the answer is.10

         Chemistry: ‘What will my life be like in 2050?’

         This is an opportunity to talk about global warming from the Industrial Revolution onwards. Begin the lesson with some photos on the students’ desks to act as a stimulus for discussion (e.g. driverless cars, mock-ups of London flooded by rising sea levels, a nuclear power station, robots) and initially ask them to answer the question in the lesson title. Get them to think about what will have the biggest impact on their lives in 2050 (hopefully the pictures will help with the answers) and steer them towards the devastating impact that rising global temperatures might have on their lives. (The trailer for An Inconvenient Truth (2006) is a powerful start here.) Put students into groups and give each group a different stage of the timeline: the Industrial Revolution, the rise of nuclear power, new green technologies and possible future technologies. Give them time to research their area and prepare for feeding back to the class. Get the students to present their findings in date order. Complete the lesson(s) by asking the students to reflect on what may happen by 2050 if some new technologies to produce energy are not up and running in time.

         
Chemistry: ‘Why do people hate chemicals?’

         People tend to try to avoid chemicals, whether in cleaning products or hair dyes, because they fear the repercussions (despite the fact that everything in the world is actually made from chemicals). We can start dispelling this myth when starting the topic of compounds by looking at how this thinking came about – from the use of lead based products to the assumed danger of E numbers. Start by asking the students if chemicals are safe and encourage them to give some examples of ‘unsafe’ chemicals (you’ll get an odd selection here from CFCs and oil to arsenic and kryptonite!). Next, go through the definition of what a chemical is and ask them to re-evaluate their initial answers. Give groups of students different examples of chemicals that are perceived to be dangerous (or can be if used in the wrong way).

         Some ideas of stories you might want to give your groups include:

         
            • Images of Elizabeth I and old adverts for lead based make-up.

            • Newspaper clippings on the effect of E102 and E110 on children.

            • The impact of thalidomide in the 1950s.

            • News articles on the presence of arsenic in many day-to-day foods (e.g. rice, cereals, fruit). Are these foods dangerous?

            • Should we have fluoride added to our water? Give details on the debate.

            • A newspaper article on the terrifying use of a chemical in our chips/carpet (whatever’s been in the news recently – e.g. acrylamide in baby food).

            • Provide students with everyday objects that contain ‘chemicals’ (e.g. shampoo, window cleaner, paracetamol, plastic lunch box). Get them to research any negatives about them.

         

         Ask the students to share what they have learnt and then have a debate about which of the examples are of genuine concern and which are potentially scaremongering.

         Physics: ‘Is the Earth the centre of the universe?’

         A mere 500 years ago the common belief was that the sun and other planets revolved around the Earth. This provides us with a story that we can use to explain how transitory science can be. Start with Aristotle and his arguments for the geocentric model: the Earth must be still otherwise objects would fly off the surface, and if the Earth was moving why do birds not fly off into space? With some groups you could also discuss the idea that no parallax effect is seen with stars. Pose these questions and see if your class can refute them using the post-Newtonian understanding of motion. Move on to explain how the Church used Aristotle’s model – replacing the ‘prime mover’ with God – and the effect this had later on the acceptance of the heliocentric model. Then along comes Copernicus who spent an age watching planets through a telescope and realised that it was impossible to explain what he saw with the geocentric model. He died a sad man – no one believed his ideas. Then get the students to look at the evidence for the heliocentric model.11

         
Physics: ‘How did Becquerel manage to burn himself?’

         This is an opportunity to introduce radiation as something that you can’t see and to examine the implications this had for the first scientists studying it. Start with a clip of Blinky the Fish in The Simpsons: why does the poor little guy have three eyes? Most students will already have some understanding of how dangerous radiation can be, and this can act as a springboard into a discussion about how this was not always the case. Tell the story about Henri Becquerel and how he kept radiation in his pocket (some radium salt in a sealed glass tube), only realising that it could be potentially dangerous once he had got some rather nasty radiation burns (he said of radium, ‘I love it, but I owe it a grudge’).12 The story can then move on to Marie Curie and how radiation eventually led to her death from cancer. You can even show the students adverts for radium based beauty products and laugh pitiably at the people who used to use them.

         Physics: ‘Why is Pripyat a deserted town?’

         The story of Chernobyl has much to teach students about nuclear power and the importance of making sure that science is safe. It also features in one of the scenes from Call of Duty (which, so I’ve heard, is a popular computer game) and I often show pictures of this to start the topic. Some emotive pictures of direly ill victims of the explosion work well here before moving on to an explanation of what happened (including the fact that extra radiation was detected as far away as the UK). You can find many first-hand accounts online to read to the students (or employ an extrovert student to do the same), including some very moving ones from the staff who had to clear up the mess.13 Make sure you finish with present day pictures of the town,14 or some of the recent research which has found that the radiation might be less damaging than previously thought.15 

         Physics: ‘What is the Large Hadron Collider trying to do? And will it cause the end of the world?’

         The number of students who asked me this question the first time the Large Hadron Collider (LHC) was used was quite astonishing. News items like this are perfect for one-off lessons to help your students understand the reason why they are studying science in a topical way. When ‘big science’ related news events occur, you can plan lessons or starters to go into the facts behind the story and then differentiate the explanation and tasks for different ability groups. Even with a GCSE class, there will be time (if only for 10–15 minutes), and it is well worth doing. When the LHC went live in 2008, I started the lesson with the headline from that day’s Metro regarding the end of the world, followed by a discussion on the science behind the story and backed up with a good YouTube clip (never underestimate how well a video can support your explanations, no matter how good you are).

         
Physics: ‘How old are the peat bog people?’

         As a way to introduce carbon dating, show photos of peat bog bodies which have been preserved for thousands of years and ask the students how old they think they are, before moving on to explaining how scientists are able to work it out by using radiocarbon dating. There are plenty of CSI type stories of bodies being found and radiocarbon dating being used to solve the mystery of their age. You could even make up your own murder mystery where students have to investigate how long teachers in the school have been dead using data from radioactive isotopes (choose the right members of staff here).
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         Whilst introducing a topic with a story is brilliant for the first lesson, obviously it will not be possible to teach the detail we need to get into in this manner. But the beginning of a lesson is always a good opportunity to link to prior learning and stories contextualise new knowledge in the students’ existing understanding of the world. (There are a number of ways to review prior learning as a starter activity in Chapter 3.)

         
            1 R. Millar and J. F. Osborne, Beyond 2000: Science Education for the Future (London: King’s College London, 1998), p. 3.

            2 See K. Halikari, N. Katajavuori and S. Lindblom-Ylänne, ‘The Relevance of Prior Knowledge in Learning and Instructional Design’, American Journal of Pharmaceutical Education 42(7) (2008): 712–720. Daniel T. Willingham’s Why Don’t Students Like School? A Cognitive Scientist Answers Questions About How the Mind Works and What It Means for the Classroom (San Francisco, CA: Jossey-Bass, 2010) provides an easy-to-read and interesting overview of the impact of background knowledge on learners.

            3 This article provides a good review of the research: D. T. Willingham, ‘Ask the Cognitive Scientist’, American Educator (summer 2004). Available at: http://www.aft.org/periodical/american-educator/summer-2004/ask-cognitive-scientist.

            4 See B. Rosenshine, C. Meister and S. Chapman, ‘Teaching Students to Generate Questions: A Review of the Intervention Studies’, Review of Educational Research 66 (1996): 181–221.

            5 Read Ed Cooke’s Remember, Remember: Learn the Stuff You Thought You Never Could (London: Viking, 2008) for ways to memorise lots (like the whole of the periodic table – it would really impress your students. Disclaimer: I cannot do this!).

            6 B. Bryson, A Short History of Nearly Everything (London: Black Swan, 2003).

            7 Check out this article by Martin Robinson for tips on how to tell a story like a pro: ‘Classroom Practice: Don’t Just Talk at Them, Spin a Ripping Yarn’, TES (14 February 2014). Available at: https://www.tes.com/article.aspx?storyCode=6403314.

            8 D. Perlin and A. Cohen, The Complete Idiot’s Guide to Dangerous Diseases and Epidemics (Indianapolis, IN: Alpha, 2002).

            9 Mitochondria are organelles found in eukaryotic cells which contain a small amount of DNA which are responsible for respiration. (This is due to their interesting history: they so closely resemble bacteria that one theory suggests they were formed through the symbiosis of a eukaryotic and prokaryotic cell, hence they contain the DNA which originated from the bacteria.) Mitochondria are normally inherited from the mother (so you are genetically ever so slightly more similar to your mother than your father), but if the mother carries a genetic disease in her mitochondrial DNA, it is possible to have this DNA donated by a third party through a modified version of in vitro fertilisation (IVF). This results in a fertilised egg cell formed from the DNA of three ‘parents’.

            10 An exit pass is an elaborate name for a sticky note on which the students write their name and answer, which they must give to you before they leave the classroom – it works best before break and lunch!

            11 The arguments are all very nicely rounded up in this article: R. Allain, ‘How Do We Know the Earth Orbits the Sun?’, Wired (14 April 2014). Available at: http://www.wired.com/2014/04/how-do-we-know-the-earth-orbits-the-sun/.

            12 See R. F. Mould, ‘Pierre Curie, 1859–1906’, Current Oncology 14(2) (2007): 74–82. Available at: http://www.ncbi.nlm.nih.gov/

pmc/articles/PMC1891197/.

            13 See for example: M. Block, ‘“Voices From Chernobyl”: Survivors’ Stories’, NPR (21 April 2006). Available at: http://www.npr.org/2006/04/21/5355810/voices-of-chernobyl-survivors-stories.

            14 There are some haunting ones here: http://www.telegraph.co.uk/

news/picturegalleries/worldnews/9128776/

Photographs-of-Chernobyl-and-the-ghost-

town-of-Pripyat-by-Michael-Day.html.

            15 A. Vaughan, ‘Wildlife Thriving Around Chernobyl Nuclear Plant Despite Radiation’, The Guardian (5 October 2015). Available at: http://www.theguardian.com/environment/

2015/oct/05/wildlife-thriving-around-chernobyl-

nuclear-plant-despite-radiation.
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