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Springboard: KS3 Science Boost


Deliver KS3 Science with confidence using this bank of teaching and learning resources; all the teaching materials, guidance, worksheets, quizzes and reporting tools you need, all in one place.


Springboard: KS3 Science Boost contains Knowledge Tests that have been developed in partnership with Carousel Learning, an integrated retrieval practice platform for schools.


●Take a new approach to delivering KS3 Science: Our PowerPoint presentations provide a framework for your teaching, with Knowledge Check activities to further construct organic and dynamic lessons that are adaptable to each classroom.


●Provide practice for every topic: Interactive Knowledge Tests, developed with our partners Carousel Learning, will consolidate students’ learning throughout every topic - including spaced repetition and interleaving of topics to help embed core knowledge in long-term memory.


●Inspire the next generation of scientists: ‘Science Stories’ and ‘Science Careers’ activities will develop scientific literacy skills as well as capture students’ imagination and help visualise themselves as tomorrow’s scientists.


●Support every student: Differentiated worksheets on every unit will ensure you can support, stretch and challenge students as needed, with the ability to measure and report on progress with summative end-of-unit and end-of-year assessments.


Springboard: KS3 Science Boost includes eBooks of the Knowledge Book and Teacher Handbooks.


To subscribe or register for a free trial, visit
hoddereducation.com/springboard
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INTRODUCTION



Welcome to Springboard: KS3 Science!


Springboard has been developed by our expert author team with two key goals:




	1    to build, develop and sustain students’ knowledge and understanding of science



	2    to give teachers a powerful resource to support and improve their teaching.





The course is therefore designed not just to be useful or a workload reducer, though Springboard certainly achieves these aims. The main point is to help inform and improve science teaching through evidence- and experience-based practice. In order for students to master new knowledge, teaching needs to involve explicit, narrative-driven explanations, extensive independent practice, constant checking for understanding and a coherent approach to long-term knowledge and retrieval practice. Springboard Science meets all these needs.


This is a revolutionary approach to writing textbooks and schemes of work, and Springboard is groundbreaking in its scope and ambition. Springboard won’t just help your science teaching, it will improve it.


Course elements


The Springboard course is divided first into biology, chemistry and physics and then into units and topics. For example, the B1 unit is about ‘Cells’ and is divided into smaller topics dealing with microscopes, cell structure, diffusion and so on. Topics are not split into lessons, nor are they of uniform length. You are encouraged to teach the content according to the amount of time it takes, rather than trying to squeeze or stretch it into fixed units of time like a lesson.


While Springboard’s content is not structured into fixed units of time, the curriculum plan is designed to enable you to teach through the content over three years. The Practice Books and Teacher Handbooks are organised accordingly, with a pair for each year, each containing multiple units for biology, chemistry and physics. Conceptual progression and interleaving that are built into the resources assume this teaching order is followed.
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The course is based on the National Curriculum for KS3 and centres around core questions: a delineation and specification of exactly what students are expected to know by the end of the course.


The elements to help deliver the course include:




	●  a student Knowledge Book, including core questions, key diagrams and worked examples (subject content plus working scientifically)



	●  student Practice Books, including extensive practice on content just taught and interleaved with topics that have been covered previously



	●  Teacher Handbooks, including numerous components detailed below



	●  additional resources on Boost, including class presentations, practical worksheets, careers worksheets, science stories, support sheets, cover work and assessment resources



	●  online quizzes on Boost for every topic.





For the complete curriculum experience you are encouraged to access Carousel Learning, where question banks containing all the Knowledge Book core questions are available as a flexible quizzing and retrieval resource to all Carousel users with a paid subscription.


Teacher Handbooks


The Teacher Handbooks (THBs) are the centrepiece of Springboard Science and are aimed at supporting you to deliver effective, dynamic, responsive and engaging lessons. They are designed around evidence presented by educational and psychological researchers (e.g. Rosenshine 2012, Clark et al. 2012, Agarwal 2021 and Lemov 2021) as well as the classroom experience of the author team. The THBs broadly follow principles of explicit instruction, an evidence-based approach to structuring teaching and learning. 


As such, each THB has several components, broadly following the order:


Topic introduction and objective → General science quiz → Knowledge check → Guided explanation → Check for understanding → Independent practice and review


Below, the individual components are elaborated on in more detail.


Topic introduction and objective


It is important to have an overview of the topic that is due to be taught, as well as any contextual information about prior knowledge and how it fits within the wider curriculum. Learning objectives are concise, use student-facing language and are simply about the content of the topic, as opposed to any kind of assessment or differentiated approach to lesson planning. 
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General science quiz


This is a short quiz testing knowledge from content that has already been taught at some point. The knowledge quizzed here is not generally related to the topic at hand, as the purpose is simply to continually revisit and reconsolidate material that has already been studied. Using retrieval practice like this is an evidence-based strategy that slows forgetting and allows students to steadily accumulate knowledge over time. In most cases, students will complete this quiz silently and on paper, followed by a review. 


The questions and answers for the general science quiz are provided in the class presentation (CP) slides on Boost. 


Our partnership with Carousel Learning means that you can generate further bespoke retrieval quizzes for your students using the core questions, enabling you to replicate this process every lesson if desired.


Knowledge check


This is a second quiz, aimed at testing the knowledge required for the topic students are about to cover. For example, if students are about to start ‘C4.5 Reactions of acids with metals and alkalis’, the knowledge check might test their recall of the names of common acids and the pH scale. When students start ‘P6 Light’, a knowledge check might test their understanding of waves (from P5) and energy (from P1).


The purpose of the knowledge check is to establish whether students are ready to cover the topic in question. If there are holes in their knowledge, they will struggle to access the new content and will fall further behind. Because this purpose relates to assessment, you are urged to perform the Knowledge check using mini-whiteboards (MWBs). If student knowledge is weak or contains gaps, it is crucial that you reteach that content there and then, before first rechecking and then moving on to the new topic.


The knowledge check is best conducted one question at a time. As such, the questions are provided on the CP slides, but the answers are not, as it is best to review each question before moving on to the next. Further guidance is provided in the THB if there are any relevant misconceptions or common errors that might need to be identified and tackled. You are encouraged to use strategies like Show Call (bringing interesting student responses to the front on a visualiser or some other easy-to-see display) for dissection and further discussion.


Guided explanation


Following a knowledge check, we have provided guidance for, and examples of, how to communicate the relevant content. These are not direct-to-teacher instructions or scripts, but step-by-step ideas and advice that can help you to make your own decisions about how you want to explain a particular concept. 


The explanations generally follow a blank-canvas philosophy, which involves starting from a blank board or screen and slowly building a narrative-style explanation, ordinarily involving a diagram. As such, the CP slides often have less on them than you might expect, as a blank slide gives teachers the opportunity to slowly build an explanation and carefully manage students’ attention. The THB will then include a suggested ‘finished’ diagram, with written steps to guide you in constructing the diagram.
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The Guided explanation as it appears in the THB
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The blank slide that you use in class to build your explanation
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What your finished explanation might look like




Where diagrams are too complex or detailed to be constructed within a lesson, we have often provided unlabelled outlines or photographs on the CP slides, so you can build your explanation via annotation, highlighting and labelling of the diagram. In these cases, it is a good idea to let students have a thorough look at whatever is on the board first, before calling back their attention to you and working through your explanation.


In terms of the practicalities of delivering explanations like this, schools will vary in terms of the technology and physical resourcing available. Below is a list of accessible methods you can use.
















	What you might have


	How you could use it







	Interactive whiteboards


	Display the CP slides on the interactive board and write directly onto them.







	Projector directly onto a writeable whiteboard


	Project the CP slides onto the board and write directly on them.







	Writeable whiteboard separate to a projector/screen


	Deliver your explanations in a separate location to where you may have a screen display.







	Visualiser


	Write underneath a visualiser into an exercise book/plain piece of paper/printout of the slides.







	Tablet (sometimes called a two-in-one)


	Display the CP slides. Use a stylus to write directly onto a computer screen, which is displayed simultaneously to the class via a screen/projector.







	Graphics tablet


	Display the slides. Plug in the graphics tablet device by USB and write directly onto it. The writing will be recognised and displayed on the computer screen.













When using the CP slides, you may want additional space for more explanations, and in both PowerPoint and Google Slides you can press the letter W in the middle of a presentation to be provided with a brand-new blank slide. 


The explanations are always broken down into small steps to avoid overloading students with information. 


In general, you may not want to use too many questions during your explanation as this can break up the sense of narrative flow. If you are going to question students during an explanation, using a strategy like Cold Call (where you ask the question and then choose a student to respond) is advised.


Check for understanding


Following the explanation, the THB provides suggested questions to ask students before allowing them time to practise independently. It is advised that this is executed on MWBs in a similar way to the knowledge check (as opposed to using individual strategies like Cold Call). The goal here is to diagnose and concretise student understanding, so it is important that you get information from everyone in the class, rather than just asking a few students. As with the knowledge check, strategies like Show Call are effective at probing and developing student understanding.


It could be that your check for understanding reveals that you might need to go back to your explanation and spend more time over it or try a different approach. As such, the questions we have provided may be extensive, but they cannot be exhaustive, so you are encouraged to be prepared to add to them. 


Though the questions will not be provided on the CP slides, you will often find text-based scenarios, unlabelled diagrams or tables to use as an aid when asking them. 


Independent practice review


Following a check for understanding, students will be ready to use their independent Practice Books to start consolidating and stretching their knowledge. There are many different styles of question in the Practice Books, including straightforward comprehension/recall, application to unfamiliar scenarios, mathematical calculation/interpretation and specific writing strategies like Because-But-So.


The questions are extremely extensive and often intentionally linked to other topics that students have learned previously. This is called interleaving and is a deliberate attempt to achieve two things:




	1    Make sure all content is revisited on many occasions throughout the course.



	2    Help students see the links, relationships, differences and similarities between different areas of the course.





This style of practice may be new to students, so it could be worth starting periods of independent practice by explaining the style and why it is important. 


While students practise, you are encouraged to circulate around the room, checking student understanding and offering feedback where appropriate. 


Indicative answers to the questions are provided on the CP slides (as well as in PDF form on Boost and the Hodder Education website). The THB notes particularly common mistakes, errors or conflations to look out for when reviewing students’ answers. When reviewing student work, placing a student book under a visualiser and using Show Call can be highly effective for developing and improving understanding. When asking individuals for their responses, make sure to use strategies like Cold Call to ensure that all students are listening and have their voices heard.


Working scientifically


Springboard has taken a revolutionary approach to the working scientifically (WS) content in the KS3 National Curriculum:




	●  delineation: the WS content has been delineated into either core questions or procedures, rather than leave the content as vague or poorly defined statements.



	●  sequencing: this content has then been carefully sequenced and is introduced into the course over time. It is only once students have a base of concrete knowledge that they can begin to encounter and apply the abstract knowledge that constitutes WS.



	●  consistent equation calculation approach: deliberate steps have been taken to slowly introduce the various aspects of completing calculations (e.g. unit conversions, equation selection, rearrangements, multiple steps). These are spread out across the course in a way that builds knowledge without overloading.



	●  the EVERY method for solving equations is consistently used in order to guide students to accurately complete equation calculations. This is one of many different possible models. It is important you have a consistent model for calculations, as it helps reduce the variation within the problems and therefore the cognitive load on the students.



	●  practicals: most units contain at least one core practical, for which student instructions are provided. However, we encourage you to use a Slow Practical approach, which does not necessitate using instruction sheets. Instead, it hybridises demonstration with student activity. Broadly, it involves first gathering students around one desk. You then demonstrate a step to the students (often aided by a visualiser), then check students have understood the step (both ‘what?’ and ‘why?’) before asking them to complete that step themselves and then return. This allows students to be both ‘hands on’ and ‘minds on’, maintaining a purposeful environment where students know what they are doing and why, and you can easily spot and rectify errors. Suggestions for how to apply this method to each core practical are found in dedicated sections in the THB. 
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Independent practice for the development of practical and WS skills are found throughout the student Practice Books and in student worksheets on Boost. There are two versions of every student practical worksheet on Boost: the full worksheet with details on equipment, safety and method and the Slow Practical version, without these details. There are also teacher and technician notes for every practical, which include answers to the independent practice.


A final word: who is it that is Springboarding?


Titles are important and it would be easy to assume that the individuals doing the Springboarding are the students because this course helps prepare and enthuse them for further study. This is true, but only in part, because our goal is not just to Springboard the students, but to Springboard their teachers. We want you to be able to develop and improve your practice in a way that is evidence-based and workload-friendly. We want classrooms to change, to feel different in terms of the methods and strategies teachers are using. We don’t want to just slot into your classroom and make things a bit easier. We want to revolutionise it and help you become a better science teacher.













B6 Photosynthesis





B6.1 Photosynthesis


Students’ learning objective: I am learning about photosynthesis so I can explain how plants make their own food and grow.


In this unit students will be learning about the purpose and process of photosynthesis. Students will have some knowledge regarding plants making their own food and needing sunlight and water to do so. They may also have been involved in growing their own plants.





Knowledge check


After working through the General science quiz, display the Knowledge check slide. The questions are best delivered one by one on mini-whiteboards (MWBs). If students do not know the answer to any of them, you should reteach the relevant concept. Answers are not on the slides because it is best to go over them together as a class.




















	

	Question


	Answer


	Notes







	1


	Why are leaves green?


	Because they contain chloroplasts


	This idea was introduced in Unit B1 Cells, but the more sophisticated answer is ‘because they contain chlorophyll’. This will be covered in this topic.







	2


	What is the function of chloroplasts?


	Allow photosynthesis to happen


	






	3


	Which energy transfer is involved when an object produces or absorbs light?


	Transfer by waves


	This is knowledge from Unit P1 Energy.







	4


	How is the palisade cell adapted for its function?


	It has lots of chloroplasts for lots of photosynthesis


	This is knowledge from Unit B1 Cells. Ensure that students give both the adaptation and its purpose.







	5


	What is the function of root hair cells?


	To absorb water and minerals/nutrients from the soil


	Students should mention both water and minerals/nutrients.







	6


	How are root hair cells adapted for their function?


	Long extensions giving a larger surface area for a higher rate of diffusion, and no chloroplasts because they are underground and cannot photosynthesise


	Students should provide the adaptations and explain why they are important.
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Guided explanation

What do plants need to grow?


Introduce the topic by drawing the diagram below, accompanied by an explanation, similar to the one that follows.
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	1    Plants have four key organs that work together to help them survive. Many plants have flowers. A flower is a reproductive organ, as we have already seen in Unit B5 Reproduction.



	2    Plants also have leaves, which can be of various shapes and sizes, and which absorb sunlight.



	3    Plants have a stem that connects the other organs together and helps in transporting key substances throughout the plant.



	4    Finally, plants have a network of roots that anchor the plant in the soil and absorb water and minerals.






Explain that the organs work together to help a plant grow. Erase the labels from the diagram, and expand and add to it, as shown on the following diagram, to compare what animals and plants need to grow. Accompany it with an explanation, similar to the one that follows.
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	1    We have already learned about how humans, just like other animals, need food and water to get energy for movement and nutrients for growth. When they want this food or water, they go and find it – they might hunt or farm or find a tap, but they can go and get it.



	2    Like animals, plants are also living things and need to grow. But plants do not eat food – they cannot go for a walk to find some food. Instead, they make their own food so they can build mass. The energy needed to make their own food comes from the Sun. The light from the Sun is absorbed by plants’ leaves, with the energy being transferred by waves.



	3    Plants also need carbon dioxide, which enters the plant through the leaves.



	4    All living things need water and plants absorb this water from the soil. The water enters the roots and then travels through the plant by the stem. (Add an arrow to show this movement of water.)



	5    Water is not the only thing plants get from the soil. They also absorb mineral nutrients, which are important in building substances necessary for growth and repair within the plant.









Check for understanding


The Check for understanding (CFU) is best conducted using MWBs. Display the CFU slide and ask questions like the ones below. Tailor and adapt your questions to the class in front of you. Give students time to study the slide and then call back their attention.




	●  Name the four organs of a typical plant.



	●  Which letter shows the organ that transports substances throughout a plant?



	●  Which letter shows the organ that absorbs mineral nutrients from the soil?



	●  Which gas is taken in by B?



	●  What two things are absorbed by D? 



	●  Why do plants make their own food?



	●  A plant is unable to absorb sunlight due to damage. Which letter shows the part of the plant that is damaged?





Independent practice review


Students practise independently by answering questions 1–10 from their Practice Books (page 6). Full answers can be found on the IP answers slides or in the answer documents on Boost. Notes are only included for questions where useful.
















	Q


	Notes







	8


	This question requires knowledge of Unit P1 Energy.







	10


	This question requires knowledge of Unit B5 Reproduction.










Before we move on to the process of photosynthesis, a knowledge check must be conducted to check recall of key facts about chemical reactions.


Knowledge check


Display the Knowledge check slide and, using MWBs, deliver the questions one by one, reteaching concepts as necessary.




















	

	Question


	Answer


	Notes







	1


	How is the palisade cell adapted for its function?


	It has lots of chloroplasts for lots of photosynthesis


	This is knowledge from Unit B1 Cells.







	2


	What is an endothermic reaction?


	A reaction that takes in energy from the surroundings


	This is knowledge from Unit C5 Energy changes.







	3


	What are the substances that react together in a chemical reaction called?


	Reactants


	This is knowledge from Unit C4 Chemical reactions. If students struggle with this, draw an indicative chemical reaction (e.g. magnesium + hydrochloric acid → magnesium chloride + hydrogen) and ask them to identify the reactants and products.







	4


	What are the substances that are made in a chemical reaction called?


	Products


	This is knowledge from Unit C4 Chemical reactions.
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Guided explanation

How do plants make their own food?


Explain that plants make their own food so they can build their own mass. They use one of the most important chemical reactions in the history of life on this planet.


Display the first slide. Tell students that the chemical reaction shown happens in plants and other living things such as green algae, unicellular organisms that live in water. In fact, all green parts of plants can make their own food through this chemical reaction.


Display the second slide and label the structure of the plant cell as shown on the following diagram. Remind students that we already know that plants are green because they have chloroplasts in them. The chloroplasts are green because they have chlorophyll, which is a green pigment (a substance that gives colour – a bit like an ink). It is this chlorophyll that absorbs light, either from the Sun or from artificial light. 


[image: ]
Display the third slide, which shows a magnified section of the plant. Ask students to look at the diagram and then bring their attention back to you. Add to the diagram, as shown below, accompanied by an explanation, similar to the one that follows.
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	1    Plants use a chemical reaction to make their own food. Light hits the leaf. Inside the leaf are palisade cells, and these absorb the light.



	2    There are many palisade cells in the leaf. Here we are focusing on one palisade cell. It has many chloroplasts containing chlorophyll, making it green. Energy transferred as light is absorbed and is needed for this chemical reaction to happen.



	3    Water is absorbed from the soil by the roots. (Add an arrow showing this happening from the stem to the leaf, using a certain colour, e.g. blue.) This water moves up through the stem and enters the leaf. It then enters the chloroplasts in the green cells.



	4    At the same time, carbon dioxide enters the leaf from the air around it (use a different colour to label carbon dioxide).



	5    Water and carbon dioxide are the reactants of this chemical reaction. This reaction is possible because the chlorophyll has absorbed the light and its energy.



	6    The food that plants make as a result of this chemical reaction is in the form of glucose, which can then be used to make other substances, such as other carbohydrates and proteins, necessary for plant growth (use a different colour to label glucose).



	7    Oxygen is also produced during this reaction, but this is a waste product and so is given out by plants (use a different colour to label oxygen).



	8    To summarise, the two products of this chemical reaction are glucose and oxygen.





Explain that plants continuously maintain levels of oxygen and carbon dioxide in the atmosphere through the process of photosynthesis. Plants reduce the amount of carbon dioxide in the atmosphere while adding oxygen to the atmosphere.


Write the word equation for this chemical reaction on the board as shown below, using the same colours as above for each of the reactants and products.
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Explain that in this reaction we can see that plants build glucose by putting together water and carbon dioxide. Plants need light to do this, so the reaction is called photosynthesis, which means ‘putting together using light’. On the board, write the etymology shown below as you explain this.
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Check for understanding


Display the CFU slide and, using MWBs, ask questions like the ones below. Students can use their Knowledge Book to help them answer these questions initially, followed by a repeat of these and similar questions without it. Give students time to study the slide and then call back their attention. 




	●  What is represented by the letter A?



	●  What is B showing?



	●  What are the two reactants of photosynthesis shown by C and D?



	●  What are the two products of photosynthesis shown by E and F?



	●  Which process takes place in G?



	●  Which process takes place in H?



	●  What is G called?



	●  What is H called?



	●  What is the word equation for photosynthesis?



	●  Is photosynthesis endothermic or exothermic?



	●  How is it different from endothermic reactions you have already learned about? How is it similar?






Independent practice review


Student Practice Book questions 11–25 (pages 6–7).
















	Q


	Notes







	23


	This is an open-ended question, and therefore a variety of answers can be accepted here.







	25


	Students may find this challenging, so encourage them to consider which of the two products of photosynthesis would be in a gas bubble.
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Guided explanation

How did our understanding of photosynthesis change over time?




This part of the topic will act as a springboard for looking at the development of scientific models over time in light of evidence, in the context of our understanding of photosynthesis.





Explain that we did not always know what plants did to grow because the process of photosynthesis takes place within cells. Draw the diagram below and explain that we have known for a long time that plants build mass over time. They start as seeds and eventually grow into larger plants or even trees, with a large network of roots in the soil.
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Display the second slide. Tell students that Aristotle was a Greek philosopher who observed and lectured on plants, among other things. He said that plants built mass by eating soil through their roots.


Display the third slide. Say that this was the belief for many years until a Belgian chemist called Jan Baptist van Helmont did an experiment. He did this while being under house arrest for studying plants! Display the fourth slide and annotate the diagram, as shown on the following diagram, accompanied by an explanation of van Helmont’s experiment, similar to the one that follows. 
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	1    First, van Helmont took a young willow tree and measured its mass. It had a mass of about 5 kg.



	2    Then he took a pot of dry soil and measured its mass. It had a mass of about 90 kg.



	3    He planted the willow tree in the dry soil and noted its combined mass, which was around 95 kg.



	4    He kept the willow tree under close observation and watered it routinely. He made sure the tree had light and did not add anything else to the soil in that time.



	5    After 5 years the willow tree had grown quite a bit and clearly built mass. Based on beliefs at the time, other scientists would have predicted that the mass of the tree will have increased, and the mass of the soil will have decreased. Van Helmont predicted that the mass of the tree will have increased, but the mass of the soil will not have changed.



	6    He carefully took out the tree with its roots and measured its mass. He found that it had increased its mass to about 80 kg.



	7    He then measured the mass of the dried soil and found that it had not changed – it was about 90 kg. (These values are indicative and contain reasonable simplifications for this stage of the course.)



	8    The total mass of both had increased to 170 kg. Van Helmont observed that the tree had gained mass in 5 years but that this mass did not come from the soil. If it had, the mass of the soil would have been much lower than it was. He concluded that the willow tree gained the mass from water instead, because that was the only thing he had added during the 5 years.






Point out that we now know that even van Helmont was not entirely correct. Plants gain mass from carbon dioxide in the air and water and minerals from the soil. We know this because of evidence from experiments conducted by other scientists, who measured the mass of water given to plants across their life.


Draw the diagram below, accompanied by an explanation, similar to the one that follows.
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	1    We used to believe that plants gained mass from soil.



	2    Van Helmont’s experiment gave us new experimental evidence.



	3    This suggested that plants gained mass from water.



	4    More experimental evidence suggested to us that plants actually gain mass from carbon dioxide.



	5    This change in our understanding of photosynthesis took place over time.



	6    These are our scientific models of how plants gain mass. We have built our scientific models as more evidence has been discovered. This is the case for all sorts of ideas in science – whether it is what atoms are, how gravity works, what living things are made of or how plants gain mass – scientists have models that change depending on the evidence from experiments.








Check for understanding


Display the CFU slide and, using MWBs, ask questions like the ones below.




	●  Hundreds of years ago, where did people believe plants got their mass from?



	●  What happened to the mass of the willow tree after 5 years of van Helmont’s experiment?



	●  What happened to the mass of the soil after 5 years of van Helmont’s experiment?



	●  What did van Helmont say plants used to build their mass?



	●  Why does our understanding of models change over time? Some suggestions of correct answers to this question are: because new evidence is discovered; because new evidence disproves or improves our models and understanding; because there was no actual evidence for our models before.






Independent practice review


Student Practice Book questions 26–39 (page 8).
















	Q


	Notes







	35


	Accept ‘chlorophyll’. Do not accept ‘leaf’ or ‘stem’.







	36–39


	These questions are quite abstract, and there are a few different ways students could answer them based on their prior knowledge. The key point is to ensure that students are thinking about experimental evidence.










Before we move on to the uses of glucose, a knowledge check must be conducted relating to photosynthesis.


Knowledge check


Display the Knowledge check slide and, using MWBs, deliver the questions one by one, reteaching concepts as necessary.




















	

	Question


	Answer


	Notes











	1


	What are the products of photosynthesis?


	Glucose and oxygen


	






	2


	Why are leaves green?


	They contain chlorophyll in chloroplasts


	Encourage students to mention chlorophyll.







	3


	What plant sub-cellular structure provides support to the cell?


	Cell wall


	Refer to Unit B1 Cells if students struggle to remember structures of plant cells.







	4


	What is the function of mitochondria?


	Allow respiration to happen


	Refer to Unit B1 Cells if students struggle to remember functions of sub-cellular structures.
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Guided explanation

What are the uses of glucose in a plant?


Display the first slide, which shows a diagram of a plant. Allow students to study the diagram silently before calling their attention back to you. Add to the diagram as shown below, accompanied by an explanation, similar to the one that follows.


[image: ]




	1    Plants are living things and therefore need energy to survive and grow. This energy comes from respiration that takes place in the mitochondria of cells. The glucose that is made in photosynthesis is used in respiration to release this energy.



	2    As plants grow they need to make many new cells. Some glucose from photosynthesis is used to build new cell walls for these cells.



	3    Plants may not need to use glucose immediately and so they convert it into a storage chemical called starch.








Check for understanding


Display the CFU slide and, using MWBs, ask questions like the ones below.




	●  Why do plants use glucose in respiration?



	●  A plant cell photosynthesises but does not require energy immediately. What happens to the glucose so the cell can use it in the future?



	●  A plant cell wall is damaged. What use of glucose can help the plant with this damage?



	●  Through what process do plant cells get energy?



	●  What are the three uses of glucose made in photosynthesis?



	●  What happens to soluble glucose in plant cells?



	●  Why do plants store glucose as starch?





The independent practice for this section is included in the questions that follow the guided explanation below. 
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Guided explanation

How do we test for starch?


Tell students that they will soon be doing a practical on testing for starch. Draw the flow chart below to introduce the practical, accompanied by an explanation, similar to the one that follows.
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	1    Plants need light and chlorophyll …



	2    … for photosynthesis to happen.



	3    This means that glucose is produced in the plant.



	4    This glucose is converted to starch for storage.





Explain that we can test for the presence of starch in leaves to see if photosynthesis has happened. We test for starch because this is easier than testing for glucose directly. Tell students that in the practical they will test for the presence of starch in variegated leaves.


Display the second slide. Explain that a variegated leaf has parts that are green and parts that are a different colour. The parts that are green have chlorophyll in them, while the parts that are not green do not.


Draw the diagram below to explain the test for starch, using orange or brown for starch, accompanied by an explanation, similar to the one that follows.
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	1    We use iodine solution to test for starch. We add a few drops of iodine solution to a sample to see if starch is present or absent.



	2    If starch is present, the iodine changes colour from orange-brown to black.



	3    If starch is absent, the iodine stays the same colour.









Check for understanding


Display the CFU slide and, using MWBs, ask questions like the ones below. Give students time to study the slide and call back their attention.




	●  What is the name of the reagent used to test for the presence of starch (A)?



	●  What is the colour change shown by B?



	●  What is the colour change shown by C?



	●  A sample has 9 parts of water and 1 part of starch in it. What colour change do we expect to see if we test for starch?



	●  A glucose solution is tested for starch. What colour change should we expect?





Independent practice review


Student Practice Book questions 40–54 (pages 8–11).
















	Q


	Notes







	42d


	Accept that plants will need glucose and so will convert starch to it for respiration and to build mass.







	46d


	If students struggle, remind them that starch would be present if glucose was made, and that glucose would be made if photosynthesis took place.







	49c


	Accept that water may not be present in equal amounts.
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Core practical


Testing for starch




A method is provided on the Practical worksheet and Teacher and technician notes on Boost – including equipment list and safety notes – if you wish to allow your students to proceed independently. However, for most students it will ordinarily be better to take a Slow Practical approach following the guidance below.





Students should work in pairs or groups of three. For each group and yourself, you will need eye protection, variegated leaf, white tile, iodine solution, ethanol, pair of tweezers, boiling tube, 250 cm3 beaker, kettle, thermostatic water bath (optional), stopwatch and paper towels.


Tell students that the leaves they will test have come from a potted plant that has had enough light, carbon dioxide and water. Set up a demo station at the front. Demonstrate the practical one step at a time, with students doing the same at each stage.




	1    Boil water in kettles. There should be one kettle to share between a few groups.



	2    Assign the equipment by getting students to collect apparatus as needed and return to their workstations.



	3    Ask students to sketch their leaf, using a pencil to shade in parts that are green and leaving the white parts blank.



	4    Pour around 100 cm3 of freshly boiled water into a 250 cm3 beaker. Explain that we do not need a measuring cylinder here because the volume does not have to be exact.



	5    Using tweezers, place the leaf into the boiled water for 30 seconds. Explain that we do this step to stop all chemical reactions in the leaf, including photosynthesis.



	6    Using the tweezers, take the leaf out and place it in the boiling tube.



	7    Add ethanol to the boiling tube so that it covers the leaf fully and place the boiling tube in the beaker of hot water. Explain that we add ethanol to remove the chlorophyll from the leaf. This is so we can see a colour change at the end. Remind students to be careful with ethanol, and not to pour too much unnecessarily. (Alternatively, place the beaker in a thermostatic water bath set at 80°C.)



	
8    Time it for 10 minutes using a stopwatch. While waiting, instruct students to answer Q1 on the Practical worksheet, which asks them to add prediction labels to their sketch of the leaf. Use this time to also Cold Call students with questions such as the ones below.




	–  What colour is iodine?



	–  What colour does iodine change to in the presence of starch?



	–  What colour does iodine change to in the absence of starch?



	–  What do the green parts of leaves contain that make them that colour?










	9    After 10 minutes, carefully remove the boiling tube from the beaker or water bath. Use paper towels to wipe the excess water off the boiling tube.



	10  Using tweezers, remove the leaf carefully from the boiling tube and move it around in the beaker of hot water. Tell students we do this to wash off the ethanol and soften the leaf.



	11  Place the leaf on the white tile and carefully spread it using the tweezers.



	12  Add 3–4 drops of iodine solution to the leaf. Tell students to ensure that the leaf is covered with iodine, but is not flooded with it.



	13  Observe the colour change, if any. Students should draw a second diagram on the Practical worksheet to show the results.





Discuss the results with students by drawing the flow chart below, accompanied by an explanation, similar to the one that follows.
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	1    If the result in a part of the leaf is orange-brown …



	2    … this means that no starch was present in this part of the leaf.



	3    This means that no glucose was present here. 



	4    And so no photosynthesis happened in this region.



	5    This is either because there is no light, chlorophyll, carbon dioxide or water present. As we know that the leaves that were tested had enough light, carbon dioxide and water, we know that it was a lack of chlorophyll that meant there was no photosynthesis taking place.



	6    If the result in a part of the leaf is black …



	7    … this means that starch was present in this part of the leaf.



	8    This means that glucose was present here.



	9    And so photosynthesis did take place in this region.



	10  This is because there was chlorophyll present in this part of the leaf.



	11  Ask students to complete the independent practice questions on the Practical worksheet.











B6.2 Leaf structure


Students’ learning objective: I am learning about how leaves are adapted so I can explain how their structure allows photosynthesis to happen.


Students now know what happens during photosynthesis in the green parts of plants. This topic will cover how leaves are adapted for this process, and how their structure enables them to photosynthesise.





Knowledge check


After working through the General science quiz, display the Knowledge check slide and, using MWBs, deliver the questions one by one, reteaching concepts as necessary.




















	

	Question


	Answer


	Notes







	1


	Name the four organs of a plant


	Flower, stem, leaves and roots


	






	2


	What is the function of a palisade cell?


	To do photosynthesis


	






	3


	What is diffusion?


	The movement of particles from an area of high concentration to an area of low concentration


	Refer to Unit B1 Cells if this knowledge is not secure.







	4


	How does a large surface area affect rate of diffusion?


	Increased rate of diffusion


	Refer to Unit B1 Cells if this knowledge is not secure.







	5


	How does a thin membrane affect rate of diffusion?


	Increased rate of diffusion (short diffusion pathway)


	Refer to Unit B4 Gas exchange systems if this knowledge is not secure.
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Guided explanation

How are leaves adapted for photosynthesis?


Introduce the topic by drawing the following diagram, accompanied by an explanation of the adaptations of a leaf for photosynthesis, similar to the one that follows.
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	1    As the leaf is green, the cells that make it up will have lots of chloroplasts in them so they can do lots of photosynthesis.



	2    Leaves can also have a large surface area so they can absorb a lot more light for more photosynthesis.



	3    When carbon dioxide is taken in and oxygen is produced, the gases need to diffuse within the leaf. (Draw the side view of the leaf.) In order to give a short diffusion pathway for these gases, leaves tend to be thin.









Check for understanding


Display the CFU slide and, using MWBs, ask questions like the ones below.




	●  Which process happens in green leaves?



	●  Through which process do gases move within a leaf?



	●  Which gas diffuses into a leaf for photosynthesis?



	●  Which gas made in photosynthesis diffuses out of a leaf?



	●  Why are leaves thin?



	●  Why do leaves have a large surface area?



	●  What adaptation do leaves have to provide a short diffusion pathway for gases?



	●  What adaptation do leaves have to absorb lots of light?





The independent practice for this section is included in the questions that follow the guided explanation below.
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Guided explanation

What is the internal structure of a leaf?


Display the first slide. Tell students that this is the internal structure of a leaf. Ask them to silently study the diagram before bringing their attention back to you.


Display the second slide. Tell students that this is a diagram of the internal structure of the leaf. Ask them to study the diagram and then bring their attention back to you. Add to the diagram as shown below, accompanied by an explanation, similar to the one that follows.
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	1    Which cells in this leaf structure look familiar to you? Yes, the palisade cells here (indicate the part of the diagram labelled as 4) are the green leaf cells we have been learning about. We know that these cells need carbon dioxide. Where does the carbon dioxide come from? Yes, correct, from the air around it.



	2    (Draw a carbon dioxide molecule.) Carbon dioxide from the air enters the leaf from the bottom. At the bottom of the leaf is the lower epidermis. (Hold out your hand to show that leaves are flat, but that we are viewing a leaf from the side. Point to the bottom of your hand to show where the lower epidermis is located.) This is the layer that forms the base of the leaf. Within the lower epidermis there are very small gaps called stomata. These stomata have curved cells around them called guard cells. The guard cells change shape to either open or close the stomata. Gases can enter and leave the leaf through these stomata. Therefore, carbon dioxide enters the leaf through the stomata and then diffuses up into the spongy mesophyll layer. (Trace the movement of the carbon dioxide up through the leaf.) 



	3    The spongy mesophyll layer of the leaf is called spongy because it has many air spaces, which allow gases to diffuse through.



	4    The carbon dioxide and water that have travelled up the stem enter the palisade mesophyll layer of the leaf. This is where most of the photosynthesis happens. The palisade cells have many chloroplasts so that lots of photosynthesis can take place.



	5    The top of the leaf is made of the upper epidermis, which is transparent, allowing lots of light to pass through to the palisade layer. (Hold out your hand again and point to the top part to demonstrate the location of the upper epidermis in relation to the rest of the leaf structure.)



	6    Right at the top is the waxy cuticle. This is a waterproof layer that stops the leaf from losing water.








Check for understanding


Display the CFU slide and, using MWBs, ask questions like the ones below. Students can use their Knowledge Book to help them answer these questions initially, followed by a repeat of these and similar questions without it. Give students time to study the slide and then call back their attention.




	●  Which layer of the leaf is represented by A?



	●  Which layer of the leaf is represented by B?



	●  How is B adapted to allow lots of light through?



	●  Which layer is represented by C?



	●  What sub-cellular structures are represented by D?



	●  Why is D green?



	●  What does E represent?



	●  Why do leaves need F?



	●  Which layer of the leaf is represented by G?



	●  What cells are represented by H?



	●  What is the job of H?



	●  What is I called?



	●  Why do leaves have I?



	●  True or false? Stomata are found at the top and bottom of leaves.



	●  If we cut a leaf in half, why can we not see the layers?





Independent practice review


Student Practice Book questions 55–75 (pages 11–13).
















	Q


	Notes







	59


	Accept ‘transparent upper epidermis’, ‘air spaces in spongy mesophyll layer’ and ‘many stomata’.







	64d


	Accept amount instead of concentration.







	64e


	Remind students that increased rate of photosynthesis just means faster photosynthesis.







	72c


	Remind students that they need to recall how we test if photosynthesis has taken place in a leaf.










Before we move on to the observing stomata practical, a knowledge check must be conducted to reinforce how to use microscopes correctly. 


Knowledge check


Display the Knowledge check slide and, using MWBs, deliver the questions one by one, reteaching as necessary.




















	

	Question


	Answer


	Notes







	1


	What are the three main steps to follow when looking at something through a microscope?


	
Start with the lowest magnification objective lens


Focus using the focus wheels


Increase the magnification (if you need to)



	Refer to Topic B1.1 if students struggle to remember how to use microscopes.







	2


	Which objective lens should we use when we are first observing a sample?


	Lowest-power objective lens


	Students need to remember that we always start with the lowest-power objective lens.







	3


	What happens to the image when we focus a microscope?


	The image becomes sharp enough to see (clearer)


	






	4


	Which part of the microscope do we use to focus an image?


	Coarse- and fine-focus knobs


	






	5


	A spongy mesophyll cell is 0.05 mm wide. How wide will it appear to be if magnified ×1500?


	0.05 × 1500 = 75 mm


	Refer to Topic B1.4 if students struggle with magnification calculations.







	6


	What is the total magnification of a microscope with an eyepiece magnification of ×10 and an objective lens magnification of ×40?


	10 × 40 = ×400


	Refer to Topic B1.4 if students struggle with magnification calculations.
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Guided explanation

How can we observe stomata in leaves?


Display the first slide. Ask students to study the diagram of two guard cells silently for a minute and then bring their attention back to you. Add to the diagram as shown below, accompanied by an explanation, similar to the one that follows.
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	1    This is a diagram of two guard cells. A leaf may have several guard cells in the lower epidermis.



	2    The opening between the guard cells is called a stoma. The plural of stoma is stomata.



	3    Carbon dioxide needed for photosynthesis diffuses into the leaf through the stomata.



	4    Oxygen, which is a waste product of photosynthesis, diffuses out of the leaf through the stomata.








Check for understanding


Display the CFU slide and, using MWBs, ask questions like the ones below. Give students time to study the slide and then call back their attention.




	●  What is the name of the cell represented by A?



	●  Which sub-cellular structure is labelled as B?



	●  What is C called? 



	●  Which gas diffuses into C?



	●  Which gas diffuses out of C?





Independent practice review


Student Practice Book questions 76–90 (page 13).
















	Q


	Notes







	76


	Accept a response that only provides a description, such as ‘tiny pores’ or ‘small openings’.







	79


	Do not accept the reverse, because the question clearly asks how plants cells are different from animal cells.







	89


	Some students may struggle to remember that this is referring to the waxy cuticle.
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Core practical


Observing stomata using a microscope




A method is provided on the Practical worksheet and Teacher and technician notes on Boost – including equipment list and safety notes – if you wish to allow your students to proceed independently. However, for most students it will ordinarily be better to take a Slow Practical approach following the guidance below.





Students should work in pairs or groups of three. For each group and yourself, you will need a leaf, clear nail varnish, a white tile, sticky tape, two glass slides, a microscope and a marker pen. 




	1    Instruct students to collect a microscope, demonstrating how to hold it carefully. Students can also collect all other equipment needed for this practical and then return to their workstations.



	2    Set up a demo station at the front. Model how to add a thin layer of clear nail varnish to the top and bottom of the leaf. Students need to hold the leaf for 1–2 minutes before leaving it on the white tile to dry completely.



	3    Tell students they can check if the nail varnish has dried by touching the edge gently with a finger. If it is sticky, the nail varnish has not dried.



	
4    Use this opportunity to Cold Call students on the internal structure of a leaf. Ask questions like the ones below.




	–  Which layer of the leaf stops water loss from the leaf?



	–  Through what structure does oxygen leave the leaf?



	–  Which gas is needed for photosynthesis to occur?



	–  Where does the water needed for photosynthesis come from?








	5    Once dried, model how to place sticky tape on the top of the leaf, peeling it off carefully and then sticking it onto a glass slide. Instruct students to label this slide as ‘Top’.



	6    Repeat this for the bottom of the leaf, labelling the second glass slide as ‘Bottom’.



	
7    Ask students to observe the bottom slide first under the microscope, focusing the image. Instruct them to sketch what they observe, providing guidance on this as follows:




	–  Pick a view of the slide where stomata are clear.



	–  Draw a circle to represent the view through the eyepiece.



	–  Count the number of stomata in their field of view.



	–  Draw three stomata with surrounding guard cells.



	–  Label their diagram with the number of stomata observed and the total magnification.








	8    Repeat this for the top slide.



	9    Ask students to compare their sketches and to think about the difference in the presence of stomata on the top and bottom of the same leaf.



	10  Ask students to complete the independent practice questions on the Practical worksheet.
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