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This document is a scheme of work created by Cambridge Assessment International Education for Cambridge Primary Science Stage 4.

It contains:
suggested units showing how the learning objectives in the curriculum framework can be grouped and ordered
at least one suggested teaching activity for each learning objective
a list of subject-specific language that will be useful for your learners
some possible models and representations that are relevant to the learning objectives
some possible misconceptions learners may have, or develop
sample lesson plans.

You do not need to use the ideas in this scheme of work to teach Cambridge Primary Science Stage 4. This scheme of work is designed to indicate the types of activities you might use, and the intended depth and breadth of each learning objective. These activities are not designed to fill all of the teaching time for this stage. You should use other activities with a similar level of difficulty, including those from endorsed resources.

The accompanying teacher guide for Cambridge Primary Science will support you to plan and deliver lessons using effective teaching and learning approaches. You can use this scheme of work as a starting point for your planning, adapting it to suit the requirements of your school and needs of your learners.

Long-term plan
This long-term plan shows the units in this scheme of work and a suggestion of how long to spend teaching each one. The suggested teaching time is based on 60 total hours of teaching for Science Stage 4 at 2 hours a week. The actual number of teaching hours may vary according to your context.

	Unit and suggested order
	Suggested teaching time

	Unit 4.1 Animal skeletons including humans
	14% (8.5 hours)

	Unit 4.2 On Earth and beyond
	17% (10 hours)

	Unit 4.3 Materials: properties and changes
	19% (11.5 hours)

	Unit 4.4 Energy and light
	19% (11.5 hours)

	Unit 4.5 Life processes and ecosystems
	17% (10 hours)

	Unit 4.6 Electricity
	14% (8.5 hours)

	Total
	60 hours



Sample lesson plans
You will find two sample lesson plans at the end of this scheme of work. They are designed to illustrate how the suggested activities in this document can be turned into lessons. They are written in more detail than you would use for your own lesson plans. The Cambridge Primary Science Teacher Guide has information on creating lesson plans.

Other support for teaching Cambridge Primary Science Stage 4
Cambridge Primary centres receive access to a range of resources when they register. The Cambridge Primary support site at https://primary.cambridgeinternational.org is a password-protected website that is the source of the majority of Cambridge-produced resources for the programme. Ask the Cambridge Coordinator or Exams Officer in your school if you do not already have a log-in for this support site.

Included on this support site are:
the Cambridge Primary Science Curriculum Framework, which contains the learning objectives that provide a structure for your teaching and learning 
grids showing the progression of learning objectives across stages
the Cambridge Primary Science Teacher Guide, which will help you to implement Cambridge Primary Science in your school
templates for planning
worksheets for short teacher training activities that link to the teacher guide
assessments provided by Cambridge
a list of endorsed resources, which have been through a detailed quality assurance process to make sure they are suitable for schools teaching Cambridge Primary Science worldwide
links to online communities of Cambridge Primary teachers.

Resources for the activities in this scheme of work
We have assumed that you will have access to these resources:
paper, graph paper, pens, pencils, rulers and calculators for learners to use
clean water
the internet

Other suggested resources for individual units and/or activities are described in the rest of this document. You can swap these for other resources that are available in your school.

Activities that require a resource that may be more difficult to find are marked ‘Requires additional resources’, with a suggested alternative activity immediately below. 

The Cambridge Primary Science Equipment List provides a list of recommended scientific equipment that your school should have access to in order to teach all stages of Cambridge Primary Science. It is available on the support site.

Websites
There are many excellent online resources suitable for teaching Cambridge Primary Science. Since these are updated frequently, and many are only available in some countries, we recommend that you and your colleagues identify and share resources that you have found to be effective for your learners.


Approaches to teaching Cambridge Primary Science Stage 4
There are three components to the Cambridge Primary Science Curriculum:
four content strands (Biology, Chemistry, Physics, and Earth and Space)
one skills strand (Thinking and Working Scientifically)
one context strand (Science in Context).

When planning lessons, the three components should work together to enable you to provide deep, and rich, learning experiences for your learners.

We recommend you start your planning with a learning objective from one of the four content strands. This determine the focus of the lesson. Once there is a content learning objective lesson focus you can consider what Thinking and Working Scientifically learning objectives can be integrated into your teaching so learners are developing their scientific skills alongside their knowledge and understanding of science. 

This approach is exemplified in this scheme of work by providing activities that cover the content learning objectives while also developing selected Thinking and Working Scientifically learning objectives. Some Thinking and Working Scientifically learning objectives are covered multiple times over the scheme of work which reflects the need for learners to have several opportunities to develop skills.  

The selection, and frequency, of Thinking and Working Scientifically learning objectives in this scheme of work may match the needs of your learners. However, the selection of Thinking and Working Scientifically learning objectives needs suit the requirements of your school and needs of your learners. Any changes to what Thinking and Working Scientifically learning objectives are selected to be developed when teaching the content learning objectives will require activities to be reviewed and edited. 

Once you are confident with the combination of content and Thinking and Working Scientifically learning objectives, you then have the option to integrate context into your lessons to show how the learning objectives and/or skills relate to the world the learners know and experience. The Science in Context learning objectives provide guidance on doing this. As including context is dependent on your learners and your context, the scheme of work does not give contextual links to an activity. Possible ways to contextualise units are provided in the unit introductions, aligned to the relevant Science in Context objectives. 

Further support about integrating Thinking and Working Scientifically and Science in Context into lessons can be found in the Cambridge Primary Science Teacher Guide.

Models and representations
Scientists use models and representations to represent objects, systems and processes. They help scientists explain and think about scientific ideas that are not visible or are abstract. Scientists can then use their models and representations to make predictions or to explain observations. Cambridge Primary Science includes learning objectives about models and representations because they are central to learners’ understanding of science. They also prepare learners for the science they will encounter later in their education.

To support the integration of models and representations into your teaching, for each learning objective we have suggested possible models you may wish to use.



Misconceptions
Scientific misconceptions are commonly held beliefs, or preconceived ideas, which are not supported by available scientific evidence.  Scientific misconceptions usually arise from a learner’s current understanding of the world. These ideas will informed by their own experiences rather than evidence. To support you in addressing misconceptions, for each learning objective in each unit we have suggested, where relevant, possible misconceptions to be aware of. 

Due to the range of misconceptions that learners can hold not all misconceptions have been provided and you may encounter learners with misconceptions not presented in this scheme of work. 

Misconceptions may be brought to the lesson by the learners, reinforced in the lesson, or created during a lesson. It is important that you are aware of misconceptions that learners may exhibit so that you can address them appropriately.

It is important to note that not all misconceptions are inappropriate based on the conceptual understanding learners are expected to have at different stages of their education. Therefore, some misconceptions may be validly held by learners at certain stages of their learning. A misconception of this type is known as an age-appropriate concept. Trying to move learners away from age-appropriate concepts too soon may give rise to other, more significant, misconceptions or barriers to their understanding of science. Over time age-appropriate concepts can become misconceptions when they start to interfere with the expected level of understanding learners need to have. 

The misconceptions flagged in this scheme of work are considered to be either inappropriate concepts for a learner at this stage of understanding science or important age-appropriate concepts to be aware of so they are not challenged too early. 

Health and safety
An essential part of this curriculum is that learners develop skills in scientific enquiry. This includes collecting primary data by experiment. Scientific experiments are engaging and provide opportunities for first-hand exploration of phenomena. However, they must, at all times, be conducted with the utmost respect for safety, specifically:
· It is the responsibility of the teacher in charge to adhere and conform to any national, regional and school regulation in place with respect to safety of scientific experimentation.
· It is the responsibility of the teacher in charge to make a risk assessment of the hazards involved with any particular class or individual when undertaking a scientific experiment that conforms to these regulations.

Cambridge International takes no responsibility for the management of safety for individual published experiments or for the management of safety for the undertaking of practical experiments in any given location. Cambridge International only endorses support material in relation to curriculum content and is not responsible for the safety of activities contained within it. The responsibility for the safety of all activities and experiments remains with the school.

The welfare of living things
Throughout biology, learners study a variety of living things, including animals. As part of the University of Cambridge, Cambridge International shares the approach that good animal welfare and good science work together.

Learners should have opportunities to observe animals in their natural environment. This should be done responsibly and not in a way that could cause distress or harm to the animals or damage to the environment. 

If living animals are brought into schools then the teacher must ensure that any national, regional and school regulations are followed regarding animal welfare. In all circumstances, the teacher responsible must ensure all animals have:
· a suitable environment, including being housed with, or apart from, other animals (as required for the species)
· a suitable diet
· the opportunity to exhibit normal behaviour patterns
· protection from pain, injury, suffering and disease.

There is no requirement for learners to participate in, or observe, animal dissections for Cambridge Primary. Although dissection can provide a valuable learning opportunity, some learners decide not to continue studying biology because they dislike animal dissection. Several alternatives are available to dissection (such as models and diagrams) which you should consider during your planning. 

If you decide to include animal dissection then animal material should be obtained from premises licensed to sell them for human or pet consumption, or from a reputable biological supplier. This approach helps to ensure animal welfare standards and also decreases the risk from pathogens being present in the material. Neither you nor your learners should kill animals for dissection.

When used, fresh material should be kept at 5 °C or below until just before use. Frozen material should be defrosted slowly (at 5 °C) without direct heat. All fresh or defrosted material should be used within 2 days. Preserved animal materials should only be handled when wearing gloves and in a well-ventilated room.
The responsibility for ensuring the welfare of all animals studied in science remains with the school.
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	Unit 4.1 Animal skeletons including humans 

	Outline of unit:

	In this unit, learners will learn about some of the main bones in the human body and be able to identify them on diagrams. They then consider some of the important functions of skeletons including how it protects organs, gives support and enables movement.

Learners go on to find out about different types of skeleton and how some animals have a backbone while others do not. They sort animals based on whether they have a skeleton on the outside or inside and whether they have a backbone. The unit concludes by looking at how muscles and bones work together to enable movement. 

To enable learners to understand and experience the functions of a skeleton several practical, hands-on activities are suggested, some of which involve making structures. To enrich their learning, it is suggested that learners make first-hand observations of animals with different types of skeleton. Throughout the unit it is important that learners explore their own skeletons by feeling their different bones and observing how their body moves. 


	Recommended prior knowledge or previous learning required for the unit:

	Learners will benefit from previous experience of:
· recognising and naming the major external parts of the human body.
· comparing how animals, including humans, are similar and different in their external body parts and skin covering.
· learning about some of the important organs in humans (e.g. the brain, heart, stomach, intestine and lungs) and describing their functions.

	Suggested examples for teaching Science in Context:

	4SIC.04 Identify people who use science, including professionally, in their area and describe how they use science: 
Learners could learn about how doctors treat broken bones. They could find out from a doctor (or nurse) about ways in which they can keep their bones healthy and strong. Learners could also find out about the work of vets who treat broken bones in other animals and discuss how the skeletons of other animals are similar and different to the human skeleton.







	
Learning objective
	Key vocabulary
	Possible Models and representations
	Possible Misconceptions

	4Bs.01 Identify some of the important bones in the human body (limited to skull, jaw, rib cage, hip, spine, leg bones and arm bones).
	Skeleton, bone(s), skull, jaw, rib cage, hip, spine (backbone), leg bones (fibula and tibia), arm bones (radius and ulna)
	Learners could label the main bones on a picture or a model of a human skeleton. 

Learners could use straws (or sticks) to make a physical model of a human skeleton. They could then label the main bones. 
	Learners may think that all bones are dead. They may have seen the bones of dead animals at home as part of the cooking process. These bones were once alive but are now dead. Learners may also have seen pictures (or replicas) of human bones which look grey/white and stone-like, giving the impression that actual bones are lifeless. To address this misconception, discuss with learners that they are growing taller which must mean that their bones are growing and many things which grow are alive. Also discuss with learners how when bones of living animals are broken this is very painful which is again clear evidence that bones are alive. 

This learning objective will introduce learners formally to the jaw, rib cage and spine all of which are made of multiple bones rather than being individual bones themselves. This can be clarified to learners during teaching. At this stage, learners are not required to know the individual bones within these structures although that can be provided if appropriate to do so in your context.

	4Bs.03 Describe some of the important functions of skeletons (limited to protecting and supporting organs, enabling movement and giving shape to the body).
	Skeleton, bone(s), function, major organs, support, protect, movement, muscles
	Learners could add labels to a diagram of a human skeleton with its main functions. For example:
The skull/: protects the brain.
The spine gives shape to the body.
The bones in the arms and legs help the limbs to move. 

Learners could construct a shelter to protect a soft object to represent how the skull (or rib cage) protects the brain (or other major organs).

Learners could make a simple model of a hand using card, straws and string to demonstrate how the skeleton helps to enable movement. Guidance for how to make a simple model of the hand can be found on the internet. 
	Learners may think that bones cannot enable movement because they are hard and rigid. This misconception will be addressed in this unit. 

Learners may think that bones are weak and brittle because they have heard of them breaking so bones are not an effective way of protecting the body’s major organs. Address this misconception by discussing the relative strength of bones and how a strong force has to be applied in order for them to break, with healthy bones being harder to break. 


	4Bs.04 Know that some animals have an exoskeleton.
	Animal, exoskeleton, endoskeleton
	Learners could draw animals that have exoskeletons (e.g. insects, snails and shellfish) and label the different types of exoskeleton. Including animals such as tortoises and turtles will add challenges as they have both internal skeletons and an exoskeleton feature (a shell). Clarify that as they have a backbone turtles and tortoises are classed as vertebrates.  

Learners can create physical models of animals with and without an exoskeleton and use them to discuss how the functions of an exoskeleton is similar to an endoskeleton. 
	Learners may have seen pictures of skeletons in cartoons and comic books leading to them having a stereotypical view of what skeletons/bones look like/are. They may think that unless skeletons are white and a certain shape then they’re not skeletons. Address this misconception by showing them images of different types of skeletons (including exoskeletons).  

	4Bs.05 Identify vertebrates as animals with a backbone and invertebrates as animals without a backbone.
	Animal, vertebrate, invertebrate, backbone (spine), vertebrae
	Learners could make a model of vertebrae (or a whole spine) using modelling clay. Alternatively, a piece of tubing and card could be used; the card could be cut into the shape of the vertebrae and slotted along the tubing)

Learners could draw diagrams of the skeletons of different vertebrates and label the backbone.  
	Learners may think that animals that have a hard shell on their back (e.g. a crab, a snail) are also vertebrates. This misconception can be addressed by getting learners to compare the x-ray images of a crab (or snail) and a cat (or dog). They will see that only the vertebrate has a backbone. There are some notable exceptions such as tortoises and turtles which have both a shell and backbone. Highlight to learners that we can make generalisations but we need to be aware there may be exceptions to a generalisation. Clarify that as they have a backbone turtles and tortoises are classed as vertebrates.  

	4Bs.02 Know that bones move because pairs of muscles that are attached to them contract and relax.
	Bones, muscles, pair, tendons, contract, relax, move
	Learners could draw diagrams of the main pair of muscles in the arm (i.e. biceps and triceps) and how they work together to enable the arm to move by alternately relaxing and contracting. Their drawings should also show how the tendons attach the muscles to the bones. 

Learners can use cardboard and elastic bands to model the muscles and bones in a human arm. 
	Learners may only associate movement with the arms and legs and think that this is the only place within their body that muscles are found. Discuss with learners that every movement in the body, no matter how small, involves muscles (e.g. blinking of eyes uses several different muscles). 

Learners may also think that relaxing muscles pushes bones ‘back’ e.g. biceps pull your forearm up and then push it back with no awareness of the role of the contracting triceps opposite the biceps. This misconception can be addressed by modelling the action of both muscles on the bone and using language clearly. 
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Learning objective
	Thinking and Working Scientifically opportunities
	Suggested teaching activities and resources

	4Bs.01 Identify some of the important bones in the human body (limited to skull, jaw, rib cage, hip, spine, leg bones and arm bones).
	4TWSp.02 Know that there are five main types of scientific enquiry (research, fair testing, observing over time, identifying and classifying, and pattern seeking).
4TWSp.01 Ask scientific questions that can be investigated.
	What are the bones in our body called? 

Ask learners:
What is inside our bodies?
Listen to and celebrate their ideas while addressing any misconceptions. If necessary, elicit the word skeleton. 
What do you know about your skeleton?

Learners discuss with a partner (or in groups) their thoughts. They then share their ideas together as a whole class. Show learners a picture of a human skeleton (or, if possible, a life-sized replica). Point to different bones (e.g. hip, skull) or bone structures (e.g. jaw, rib cage, spine) and ask if they know their names (technical or common). As you do this, learners feel these bones in their own bodies (e.g. they can feel their jaw, rib cage or spine). Label each of the bones. Learners then draw a human skeleton and label some of the important bones. This activity could be extended by asking learners to make physical models of a human skeleton using straws (or sticks). 

Ask learners:
What would you like to find out about human skeletons? 

Support learners to think of ideas by asking them to identify possible differences between different groups of skeletons (e.g. between adults and children, between boys and girls). Listen to learners’ ideas and model turning them into questions that can be investigated, such as: 
Do adults have bigger heads than children? 
Do boys have bigger feet than girls?

Model how to investigate one of the above questions. Learners then carry out an investigation about skeletons of their choice. Learners could be put into groups to make this more manageable. Learners who are unsure about what to do could be given a question to investigate. Most investigations will require learners to measure different parts of the body; provide appropriate measuring equipment (e.g. tape measures). Draw learners’ attention to which type of scientific enquiry they are carrying out to help them become more familiar with the five different types.

Resources: diagram of a human skeleton, tape measures

	4Bs.03 Describe some of the important functions of skeletons (limited to protecting and supporting organs, enabling movement and giving shape to the body).
	4TWSp.02 Know that there are five main types of scientific enquiry (research, fair testing, observing over time, identifying and classifying, and pattern seeking).

4TWSm.01 Know that models are not fully representative of a real world situation and/or scientific idea.

	Investigating the functions of the human skeleton 

Recap the names of some of the most important bones in the human body. This could be done by pointing at different bones on a diagram of a skeleton and asking learners to name them or by using a variant of the song ‘head, shoulders, knees and toes’ which uses the names of bones instead. 
Ask learners: 
What is our skeleton for? 
Why do you think we have a skeleton?

Learners discuss their ideas with a partner (or in groups). They then share their ideas together as a whole class. Show learners a diagram of the inside of the human body that shows the major organs as well as the skeleton. Explain that an important function of the skeleton is to protect the body’s most important parts, i.e. the major organs (such as the brain, heart and lungs). The strong, hard bones of the rib cage protect the soft, fragile organs inside. Explain to learners that they will build models that show how bones can protect soft organs. Provide them with materials to build with (e.g. card, paper, sticky tape) and something soft that can be squashed (e.g. a tomato). Explain that you’re going to drop a 500g mass onto the soft object. Challenge them to use the materials to build a structure to protect the soft object. Test the structures once learners have built them. Compare their structures to the rib cage (or skull).
How effective was your structure?
How was your structure like a skeleton?
How was your structure not like a skeleton? 

Explain that another important function of the skeleton is to give the body shape and to support the major organs. Challenge learners to build a freestanding tower (using the construction materials provided) that is strong enough to support the weight of a ball on the top. Once they have built their towers compare them to our skeletons and highlight how the tower models part of the human skeleton, with the ball representing the skull.
What part of the skeleton was your tower representing? (Answer: the spine) 
Is the tower a good model for our spine?

Explain that another important function of the skeleton is to enable us to move. Muscles, within our body, are attached to our bones. Muscles then move, moving our bones, and enable us to walk or throw. Ask learners to place their hand onto a piece of card and draw around it. They cut out the template and then stick short pieces of straws onto the template to represent the different finger bones. They thread string through the straws having tied a knot at the end so it doesn’t pull through. When the strings are pulled the hand will close and when the strings are released it will open again, simulating how the muscles (represented by the strings) work with the bones (represented by the straws) to enable the hand to move. More information about how to make simple models of the hand can be found on the internet.

Resources: diagram of skeleton, diagram of the inside of the human body, materials for building models, soft objects, a 500g mass, card, string, straws.

	4Bs.04 Know that some animals have an exoskeleton.
	4TWSc.02 Use keys to identify objects, materials and living things.

4TWSp.05 Identify risks and explain how to stay safe during practical work.

	Investigating different types of skeleton 

Explain to learners that some animals have a skeleton on the inside of their bodies. This is called an ‘endoskeleton’. 
Can you think of any animals that have an endoskeleton? 

Listen to learners’ suggestions. An obvious example are human beings. Some living things have a skeleton on the outside of their bodies. This is called an ‘exoskeleton’. 
Can you think of any animals that have an exoskeleton? 

Listen to learners’ suggestions. Explain that all insects, spiders, crustaceans (e.g. crabs, lobster) and myriapods (e.g. centipedes, millipedes) have an exoskeleton. If you want to challenge learners show an image of a turtle or tortoise and discuss how some animals have an internal skeleton with some bones being part of an exoskeleton. 

Give learners pictures of different animals including animals with exoskeletons and  animals with endoskeletons; ask them to sort the pictures into the two piles (i.e. exoskeleton and endoskeleton). Discuss the learners’ choices. 

Provide pairs of learners with a classification key and empty plastic containers. Take them outside to the school grounds (or local area). Explain that they are going to search for animals that have exoskeletons. 
What risks might there be to you when you are searching for living things? 
What risks might there be to other living things when you are searching for living things? 

Ask learners to identify potential risks and how they can be avoided.

Model how to use the classification key. Give learners time to search for animals and identify what they are.
Does the animal have an exoskeleton or an endoskeleton? 

When learners find animals with exoskeletons, they can examine them carefully and draw/photograph them. The learners also make notes about their observations.

Ensure all learners wash their hands thoroughly after coming into contact with small animals, pond water and soil.

Resources: Pictures of different animals, classification key, plastic containers

	4Bs.05 Identify vertebrates as animals with a backbone and invertebrates as animals without a backbone.
	4TWSc.02 Use keys to identify objects, materials and living things.
	Investigating vertebrates and invertebrates 

Give learners x-ray images of different animals including both vertebrates and invertebrates (e.g. fish, frogs, snakes, dogs, cats, spiders, crabs, starfish, centipedes). Explain that an x-ray allows doctors, vetinarians and scientists to image the skeleton of a living thing without cutting it open. X-ray images of animals can be found on the internet. Ask learners to look at the images carefully and to write down what they notice. 
Can you identify what the animals are?

Give learners a classification key and model how to use it to help identify the animals.

Challenge learners to sort the x-ray images into two groups using any sorting criteria that they like. Discuss learners’ choices. 

Show learners a picture of a human skeleton. Identify the spine, also known as the backbone. Ask learners to feel their own backbone. Explain that animals that have a backbone are called ‘vertebrates’. Explain that animals without a backbone are called ‘invertebrates’. There are 1.3 million known species of invertebrate including all insects, spiders and worms. Invertebrates are much more common than vertebrates (of which there are around 60,000 species). 

Show x-ray images of a vertebrate (e.g. a mouse) and an invertebrate (e.g. a crab).
What differences between the skeletons do you notice?

Point out the backbone of the vertebrate and the absence of a backbone in the invertebrate. Return to the x-ray images of different animals and ask learners to sort them into vertebrates and invertebrates. Discuss learners’ choices and address any misconceptions. Learners then label the backbones on the x-rays of the vertebrates.

As an extension activity, show learners an image and x-ray of a turtle or tortoise.
Is this a vertebrate or invertebrate?

Discuss the responses from learners and highlight that even through the shell is evidence of an exoskeleton a turtle/tortoise has a spine and is therefore a vertebrate. 

Resources: X-ray images of vertebrates and invertebrates, a classification key

	4Bs.02 Know that bones move because pairs of muscles that are attached to them contract and relax.
	4TWSm.03 Draw a diagram to represent a real world situation and/or scientific idea.
	How do our skeletons move? 

Recap the key functions of the skeleton (i.e. protection, support, shape and movement).
How do you think our skeleton is able to move? 

Learners discuss their ideas in pairs or group. They then share their ideas together as a whole class. 

Explain to learners that the bones in our skeleton move because muscles are attached to them by tendons. Show a picture of the human muscular skeletal system and identify some of the main muscles and tendons. 

Show learners a picture of the muscles in the arm. Explain that muscles work in pairs and that the main pair of muscles in the arm are called the ‘biceps’ and ‘triceps’. They are attached to the bones in the arm.
How do you think the muscles enable movement of the bones?

The muscles enable the arm to move by pulling on the arm bones. They do this by either contracting (i.e. getting shorter) or relaxing (i.e. getting longer). The muscles work in ‘opposition’ to each other so when the biceps contract the triceps relax, and vice versa. 

Encourage the learners to experience their arm muscles working. Tell them to put their elbow on a table and to slowly raise their hand; as they do so, the biceps in the upper arm are contracting (i.e. shortening as they pull) while the triceps behind the upper arm are relaxing (i.e. lengthening). 
What can you feel? 
Is there a contraction or relaxation of muscles?

Ask learners to move other parts of their body and identify if muscles are contracting or relaxing. For example, moving their leg, their hips, their fingers, their jaw, their head. 

Learners draw a diagram of the arm, label the muscles and describe how they work.

This activity could be extended by learners making a simple model of the arm that demonstrates how the muscles work. Instructions for how to do this can be found on the internet. 

Resources: Pictures of the human muscular skeletal system and the muscles in the arm
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	Unit 4.2 On Earth and beyond 

	Outline of unit:

	In this unit, .learners will learn about the structure of the Earth and about the Earth, Moon and Sun as astronomical objects in the Solar System. 

They will identify and describe Earth’s structure and describe the common features of volcanoes and how the movement of the Earth’s crust causes earthquakes. Then learners investigate how the spinning of the Earth on its axis causes night and day, the apparent movement of the Sun across the sky and the changes in shadows. 

The focus then shifts to outer space. Learners learn about the position of the Sun at the centre of the Solar System and the names of the planets and other objects which are found in space (e.g. comets, asteroids). 

This unit contains some learning objectives that may seem contrary to the learners lived experiences and counterintuitive (e.g. the Sun seems to be moving rather than the Earth; the Earth does not feel like it is spinning). It is vital that models and representations (e.g. the ‘torch and ball’ model, drama) are used to enable learners to explore these abstract concepts.

Note: If you and your learners live in an area where earthquakes and volcanic eruptions occur, in this unit you can include local and national information about civil defence and how to act in the event of an earthquake or volcanic eruption.


	Recommended prior knowledge or previous learning required for the unit:

	Learners will benefit from previous experience of:
· learning that Earth is the planet on which we live.
· describing the Sun as a source of heat and light, and as one of many stars.
· describing the apparent movement of the Sun during the day.

	Suggested examples for teaching Science in Context:

	4SIC.01 Describe how scientific knowledge and understanding changes over time through the use of evidence gained by enquiry.
Learners could learn about how our scientific knowledge and understanding of the Solar System, and the Earth and Sun’s place within it, has changed and developed over thousands of years. They could research the Polish astronomer Nicolaus Copernicus and the Italian physicist Galileo Galilee and how their ideas and discoveries in the 16th century transformed our understanding of the Solar System. 







	
Learning objective
	Key vocabulary
	Possible Models and representations
	Possible Misconceptions

	4ESp.01 Describe the model of the structure of the Earth which includes a core, a mantle and a crust.
	Structure, Earth, layers, core, mantle, crust, rock, soil, molten rock
	Learners could draw a cross-section of the Earth’s structure and label the different layers. 

Learners could use modelling clay to make a 3d model of the Earth’s structure. 
	Most learners will only have experience of rocks that are hard and solid; they may find it difficult to understand that, beneath the Earth’s surface, there are rocks in liquid form. Address this misconception by showing learners a video of lava flowing from volcanic craters and then solidifying into solid rock. 

When learners find out about the Earth’s structure they may ask questions such as; if there is molten rock beneath the ground why don’t we burn our feet? Why isn’t the ground hot?’ Address these questions, which unaddressed may lead to misconceptions, by explaining that the Earth’s crust is about 8 km thick which is thick enough to prevent the heat from the mantle reaching the surface.

	4ESp.02 Describe common features of volcanoes and know they are found at breaks in the Earth's crust.
	Earth, feature, volcano, crust, plates, crater, vent, magma, magma chamber, conduit pipe, molten rock, lava, eruption
	Learners could draw a cross-section of a volcano and label the common features of the volcano ( crater, vent, magma chamber, magma, lava, conduit pipe).

Learners could use modelling clay to make a physical model of the cross-section of a volcano. 
	A popular science experiment involves making a model volcano ‘erupt’ by pouring vinegar and bicarbonate of soda into its ‘crater’; the resultant chemical reaction fizzes over the top and looks like a volcanic eruption. The use of this model may cause some learners to think that volcanic eruptions are chemical reactions. To address this misconception, explain to the learners that this demonstration does not represent what happens in a volcanic eruption. Recap with learners that molten rock and gases from inside the Earth onto the surface through breaks in the Earth’s crust. This can happen slowly or rapidly. 

Learners may think that all volcanic eruptions involve violent explosions (e.g. the eruption of Mount Vesuvius, Italy in 79 CE). Address this misconception by showing learners videos of different types of volcanic eruption including volcanic eruptions that occur slowly (e.g. volcanoes in Iceland and Hawaii) 

	4ESp.03 Know that the Earth's crust moves and when parts move suddenly this is called an earthquake.
	Earth, crust, plates, earthquake
	Learners could simulate two of the Earth’s plates rubbing against each other by pushing two thick pieces of card or polystyrene against each other. As well pushing them together, push one piece up and the other down. The card/polystyrene will grind against each other and slip in a similar way to the Earth’s plates when an earthquake occurs.

Learners could draw a diagram of two of the Earth’s plates rubbing against each other, using arrows to show that they’re moving in opposite directions.   
	Learners may think that the Earth’s crust isn’t moving because they cannot feel it moving. Usually, the Earth’s plates are moving so slowly that it is impossible for us to sense. Address this misconception by showing learners a series of pictures starting with the super continent of Gondwanaland) to show how the continents of the Earth have moved over millions of years. 

Learners may think that volcanic eruptions are the cause of all earthquakes. Address this misconception by explaining how Earthquakes are caused by the movement of the Earth’s plates rubbing against each other rather than separating and allowing volcanoes to form. Explain that volcanoes and earthquakes can appear in the same area but very rarely at the same time.

	4ESs.01 Explain why the spinning of the Earth on its axis leads to the apparent movement of the Sun, night and day, and changes in shadows.
	Earth, axis, spin/spinning, Sun, night, day, shadow, apparent 
	Learners could use a light source (like a torch) and a ball to model why we have night and day. This model would be enhanced by using a globe instead of a ball if one is available. 
	Learners may think night and day is caused by the Sun circling the Earth and illuminating different parts of it at any one time. Address this misconception by explaining that the Sun is at the centre of the Solar System and the Earth goes around it. Use a light source and a spinning sphere as a model to show how the movement of the Earth causes night and day. The observations (or photographs) recorded by astronauts could also be used to reinforce the concept the Sun does not circle the Earth.  

Learners may think that the Sun ‘rises’ at the start of the day and ‘sinks back down’ at the end of the day. Address this misconception by using a light source and a spinning sphere to demonstrate why the Sun appears to rise and sink.  

	4ESs.03 Know that the Sun is at the centre of the Solar System.
	Sun, star, Solar System, centre, orbit, planet
	Learners could make simple orreries to model the Sun is at the centre of the Solar System, and how the planets orbit around it.

Learners could draw diagrams showing the position of the Sun and the orbits of the planets around it. 
	Learners may think that the Earth lies at the centre of the Solar System. This may be due the apparent movement of the Sun across the sky; this gives the impression that the Sun goes around the Earth once a day. Religious teachings may also have influenced learners’ ideas. This ‘geocentric’ description of the Solar System was the accepted view of most people until the 16th century. Address this misconception by discussing how our understanding of the Solar System and the Earth’s place within it has changed over hundreds of years. Tell learners about the work and ideas of Copernicus and Galileo and how they transformed our understanding of the movement of the Earth, Sun and other planets. This misconception can also be addressed through drama: learners representing the Earth and other planets walk around (i.e. orbit) another learner who represents the Sun.   

	4ESs.02 Name the planets in the Solar System.
	Solar System, Sun, star, planet, rocky, gaseous, Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus Neptune
	Learners could use modelling clay to make models of each of the planets and their relative sizes, which they then name. 
	Learners may think that there are nine (rather than eight) planets orbiting the Sun; they think that Pluto is still classified as a planet. Explain to learners that Pluto was reclassified as a ‘dwarf planet’ in 1992 when lots of other similar-sized objects were discovered in the outer region of the Solar System. If Pluto hadn’t been reclassified it would have meant that the Sun would have had hundreds (or possibly thousands) of planets. 

	4ESs.04 Know that planetary systems can contain stars, planets, asteroids and comets.
	Planetary system, star, planet, asteroid, comet, orbit, asteroid belt, exoplanet (extrasolar planet) 
	Learners could draw a picture of the Solar System including the Sun, the planets, the asteroid belt between Mars and Jupiter and the Kuiper belt (beyond Neptune). They add labels for the asteroid belt (e.g. contains asteroids) and the Kuiper belt (e.g. contains comets).

Learners could make models of planets, asteroids and comets using modelling clay. They could then combine these, using sticks or sting, around large yellow ball (representing a star) to create a model of a planetary system.
	Learners may think that the only planets in the universe are the ones in the Solar System. Explain to learners that, in the early 1990s, the first exoplanets (or extrasolar planets) were discovered; these are planets which orbit stars other than our own. Since then over 4000 exoplanets have been discovered. Learners could learn about the Trappist 1 system which contains seven exoplanets orbiting a small star that is not much larger than Jupiter. Three of these planets are thought to be like Earth (e.g. similar size and in the right conditions for liquid water to exist) 
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Learning objective
	Thinking and Working Scientifically opportunities
	Suggested teaching activities and resources

	4ESp.01 Describe the model of the structure of the Earth which includes a core, a mantle and a crust.
	4TWSm.03 
Draw a diagram to represent a real world situation and/or scientific idea.

4TWSc.07 Use secondary information sources to research an answer to a question.
	Investigating the structure of the Earth

Ask learners:
What do you think is beneath our feet? 

Allow learners time to discuss their ideas in pairs/groups. They then share their ideas together as a whole class. Explain to learners that the internet, information books and knowledgeable experts are all secondary sources of information. When we are not able to find out the answer to a question ourselves, we can use secondary sources of information. 

Ask learners to use secondary sources of information to research ‘what is beneath our feet’. Focus their research by asking:  
What is the Earth’s crust? 
What is the Earth’s mantle? 
What is the Earth’s core?
Learners then present their findings to the class.

Explain to learners what a cross-section is using an example such as a cake (or a piece of fruit) that has been sliced in half. Display a cross-section of the Earth and discuss its structure, identifying the names of the different layers. Compare this to the learners’ own findings.    

Learners then draw a cross-section of the structure of the Earth and add labels (and descriptions) of the different layers. 

This activity could be extended by asking learners to make physical models of the structure of the Earth using different-coloured modelling clay. 

Resources: Secondary sources of information, a cake, a picture of the cross-section of the Earth

	4ESp.02 Describe common features of volcanoes and know they are found at breaks in the Earth's crust.
	4TWSm.03 
Draw a diagram to represent a real world situation and/or scientific idea.

4TWSc.07 Use secondary information sources to research an answer to a question.
	Investigating volcanoes 

Recap the structure of the Earth. Remind learners that beneath the Earth’s crust there is molten rock (i.e. rock that is so hot it has melted into a thick liquid). Show learners a picture of a volcano erupting. 
What do you think is happening in this picture?
What can you see? 

Learners discuss their ideas with a partner or group. Explain that the picture shows a volcano erupting. A ‘volcano’ is where a break in the Earth’s crust has occurred, allowing the molten rock beneath to flow out onto the Earth’s surface. When this first happens, it is called a volcanic eruption. Molten rock on the surface is called lava and molten rock not yet on the surface is called magma. Ash and hot gasses are often released. 

Ask learners:
What is inside a volcano? 
What are the common features of a volcano?

Explain to learners the meaning of the term ‘common features’ using the example of a tree; the common features of a tree are the things that all trees have (e.g. leaves, branches, roots). The common features of a volcano are the things which all volcanoes have. 

Explain to learners that the internet, information books and knowledgeable experts are all sources of secondary information. When we are not able to find out the answer to a question ourselves, we can use secondary sources of information. We cannot see inside a volcano to find out its common features. When we are not able to find out the answer to a question ourselves, we can use secondary sources of information, such as the internet, information books and knowledgeable experts.

Task learners with using secondary information sources, even writing an email or letter to a volcanologist, to identify the common features of a volcano. Once learners have researched the common features of a volcano, model how to draw and label a cross-section of a volcano. Learners then draw their own. 

Display a map showing where volcanoes are found on the Earth. 
What do you notice about where volcanoes occur on the Earth’s surface? 

Allow learners time to look at the map and discuss their observations. Have a whole class discussion about their observations. Elicit that volcanoes are grouped together rather than spread across the Earth’s surface. Explain that these are places where the Earth’s crust is breaking open, so volcanoes form. 

This activity could be extended by making physical models of volcanoes and labelling their common features. 

Resources: A picture of a volcano erupting, secondary sources of information, a map of volcanoes on the Earth 



	4ESp.03 Know that the Earth's crust moves and when parts move suddenly this is called an earthquake.
	4TWSp.02 Know that there are five main types of scientific enquiry (research, fair testing, observing over time, identifying and classifying, and pattern seeking).

4TWSc.07 Use secondary information sources to research an answer to a question.

4TWSm.01 Know that models are not fully representative of a real world situation and/or scientific idea.

	Investigating the causes of earthquakes 

Recap the structure of the Earth and remind learners about the different parts (i.e. crust, mantle, core). Show learners a short video of an earthquake. Ask learners:
What do you think was happening in the video? 

Listen to learners’ ideas. If necessary, explain that they were watching an earthquake.  
What do you think causes earthquakes? 

Allow learners time to discuss their ideas in pairs/groups. Outline the five main types of scientific enquiry and explain that they are going to carry out a research enquiry into what causes earthquakes. Remind learners about secondary sources of information and how to use them. Learners spend time researching what causes an earthquake. Learners then present their findings to the rest of the class e.g. as a poster, discussion, letter informing people what an earthquake is. 

Enhance learners’ understanding of earthquakes by placing two pieces of cloth onto a tray so they almost meet in the middle; the pieces of cloth should be long enough to stick out over the edge of the tray. The pieces of cloth represent two of the Earth’s plates. Pour some soil onto the tray so it covers the two pieces of cloth. Place some blocks (or toy houses) on top of the soil along the line where the pieces of cloth nearly meet. Pull one of the pieces of cloth to simulate the earthquake and observe the effect on the soil (or toy houses). 

Learners can write up their observations of the model and discuss how representative of the real life situation of an earthquake the model is. 

Show learners an image of the Earth crust, broken into tectonic plates. Discuss how earthquakes happen due to movement of the Earth’s crust and this movement is always happening even if earthquakes are not happening. From scientific evidence, scientists have been able to model and simulate how the Earth’s crust has moved over time. Show learners a video simulation of the movement of the Earth’s crust over time and explain the crust moves several centimetres every year.

Resources: A video of an earthquake, secondary sources of information, cloth, a tray, soil, blocks, video simulation of Earth’s crust moving over time

	4ESs.01 Explain why the spinning of the Earth on its axis leads to the apparent movement of the Sun, night and day, and changes in shadows.
	4TWSm.02 Use models to show relationships, quantities or scale.
	Investigating the causes of night and day 

Use a globe (or video) to show learners that the Earth is spinning. For example a video of how the Earth moves relative to the stars if the stars are kept central all the time.

 Put learners into groups and give each group a torch and a large ball (like a football). Ask:
Why do we have night and day?
Can you use the torch and ball to find out?

Explain that the torch represents the Sun and the ball represents the Earth. Remind learners that the Earth is spinning. Make the room as dark as possible. Model shining the torch onto the ball while someone turns it. Place a mark on the ball, or stick a toy figurine onto it. Ask as the ball is turned, and the toy figure moves, what time of day is it for the toy figure in our model .e.g. when he is on the edge of the light and dark it could be evening, when in light it is day time. 

Discuss how half of the ball is illuminated while the other half is in darkness. Compare this to night and day on Earth. 

Learners then enact the model. Call out certain times of day and see if the learners can position their model to show that time of day. Learners then draw a label a range of diagrams showing the position of the Earth and Sun at different times of day. They label which part of the Earth is experiencing day time and which part is experiencing night time. 

Emphasis how this model shows a relationship between the Sun and the Earth. 

Resources: Torches, balls

	
	4TWSp.02 Know that there are five main types of scientific enquiry (research, fair testing, observing over time, identifying and classifying, and pattern seeking).

4TWSc.08 Collect and record observations and/or measurements in tables and diagrams.

4TWSa.04 Present and interpret results using tables, bar charts and dot plots.

	Investigating changes in shadows

Ask learners:
What do you notice about your shadows over the course of a day?

Show learners a time lapse video of a shadow changing over a day. Explain to learners that the Sun appears to move across the sky because the Earth is spinning. The Earth is moving and not the Sun. The rotation of the Earth causes shadows to change over a day because it changes the angle at which the Sun’s light hits objects. 

Put learners into groups and give them a torch. Ask them to place an opaque object (e.g. a cup) in the middle of their table and then to move the cup so the torch is shining onto it from different angles. They observe how the length of the shadow changes depending on the angle of the torch.
How is this model similar to what happens to our shadows? 

Remind learners that there are five main types of scientific enquiry and briefly discuss what they are. Explain to learners that they’re going to carry out an ‘observing over time’ enquiry into how their shadow changes during the day. Take them outside early in the morning. Put them into pairs and ask each pair to draw a cross on the ground using chalk. One learner in each pair should stand on the cross while their partner draws around their shadow. They should then label the outline with the time and their names. At regular intervals during the day, take the learners outside and get them to stand on the cross and draw around their shadow. They should also measure the length of their shadow, using a measuring tape, and record the length of each shadow reading in a table.

At the end of the day review their data and discuss how their shadows have changed. They could plot how the length of their shadows have changed on a line graph. Learners could also investigate how the length of the shadows of other objects (e.g. buildings, trees) change. 

Resources: Time lapse video, torches, opaque object, measuring tape, chalk

	4ESs.02 Name the planets in the Solar System.
	4TWSc.07 Use secondary information sources to research an answer to a question.
	Investigating the planets in the Solar System

Ask learners: 
What is a planet?
Learners discuss their ideas with a partner or in a group. They then share their thoughts with the whole class. Explain that a planet is a large object which orbits (i.e. goes around) a star. 
Can you name any planets? 

Learners discuss their ideas with a partner or in a group. If necessary, elicit that the Earth is a planet and that there are seven other planets orbiting our star, the Sun. 
Display a picture showing the names and order of the planets in the Solar System (i.e. Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus and Neptune). Explain to learners that they’re going to use secondary sources of information (e.g. the internet, information books) to find out interesting information about the different planets. To focus learners research, pose the following questions: 
Which planet is the smallest? Largest?
Are any planets the same size? 
How long does it take each planet to orbit the Sun? 
What is each planet made out of? 
What is it like on the surface of each planet?
Learners summarise their findings on a poster and share with the rest of the class.

Explain to learners what a mnemonic is; Share a commonly-used mnemonic for remembering the names and order of the planets, e.g. ‘My very eager mother just served us noodles’. Ask learners to create their own version. 

Resources: Secondary sources of information

	4ESs.03 Know that the Sun is at the centre of the Solar System.
	4TWSm.02 Use models to show relationships, quantities or scale.
[bookmark: _Hlk25695873]4TWSm.01 Know that models are not fully representative of a real world situation and/or scientific idea.
	Investigating the Solar System 

Ask learners:
What is the Sun? 

Listen to learners’ ideas. Explain that the Sun is a star. Stars are large balls of gas in space that give off heat and light. Explain that a Solar System consists of a star with some planets orbiting it. Show learners a diagram of the Solar System that shows the orbits of the different planets around the Sun. 
Where is the Sun in the Solar System? 

Elicit that the Sun is at the centre of the Solar System. Explain to learners that an orrery shows the relative position and movement of the Sun and planets and show them an example of an orrery (e.g. a physical model, a video, a picture).

Take learners to a large open space outside. Select a learner to be ‘the Sun’ and eight other learners to be the planets; the learners could be labelled. The ‘Sun’ stands still in the middle of the space. The ‘planets’ then stand in a row in the correct order. The ‘planets’ then start to walk around the ‘Sun’ in circles. The ‘Sun’ always remains at the centre. Show learners the picture of the planetary orbits again and discuss the limitations of the physical model (e.g. it doesn’t accurately represent the relative distances of the planets from the Sun or the shape of the different planetary orbits).

Resources: A diagram of the Solar System, orrery

	4ESs.04 Know that planetary systems can contain stars, planets, asteroids and comets.
	4TWSm.03 Draw a diagram to represent a real world situation and/or scientific idea.

	Investigating other objects in the Solar System 

Recap the names of the eight planets in the Solar System and the central position of the Sun (i.e. a star). Explain to learners that there are many smaller objects that also orbit the Sun in the Solar System. There are billions of lumps of rock called ‘asteroids’ and lumps of ice called ‘comets’. 

Show learners images of asteroids and comets:
What do they look like? 
How do they compare to planets and moons? 
Highlight that asteroids and comets are often not spherical and are irregular in shape. They are also much smaller than a planet or moon. 

Show learners a diagram of the Solar System that shows the asteroid belt and the planets. Explain to learners that large amounts of asteroids are found in the asteroid belt which is found between Mars and Jupiter; identify the asteroid belt on the diagram. 

Display a diagram of the Solar System that shows the Kuiper Belt beyond Neptune. Explain that beyond the furthest planet Neptune, on the edge of the Solar System, are the Kuiper Belt. In this region, of the Solar System, billions of comets are found. Every comet in the Solar System is orbiting the Sun. Some comets have an orbit which means they can be seen from the Earth in the night sky at regular intervals. Tell learners about Halley’s comet which can be seen from Earth every 75-76 years. To enhance learners understanding of comets show them photographs of comets taken by space probes. Learners could research the European Space Agency Rosetta space mission which successfully landed a probe onto the surface of a comet in 2014. Lots of information about this space mission can be found on the internet. Learners could be shown how comets have been represented in art (e.g. Halley’s comet is shown in the Bayeux tapestry and a painting by Giotto from 1301). 

List the objects that we have observed in the Solar System: a star, planets, moons, asteroids, comets. Explain that there are many other systems away from the Solar System we often call planetary systems because they contain planets. 
Do you think they contain the other objects?

Share with learners that we have discovered more than 2,500 other planetary systems. We have discovered binary systems (two stars orbiting each other), trinary systems (three stars orbiting each other) as well as systems with just rocky planets. 

Provide learners with a planetary system name and details and ask them to draw a diagram showing that planetary system. (E.g. Wolf 359 contains a red drawf star and two planets, Kepler-47 is a binary star system with three planets.) Information about other planetary systems can be found on the internet. 

Resources: Diagrams of the Solar System; diagrams of the Sun, the planets, asteroids and comets.
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	Unit 4.3 Materials: properties and changes 

	Outline of unit:

	This unit begins by focussing on the particle model and how it explains the properties of solids and liquids. Learners explore granular solids which can be difficult to classify because, in some ways, they behave like a liquid. As part of this, learners will consider the scientific meaning of the terms: ‘particle’, ‘material’ and ‘substance’. 

The unit then explores the processes of freezing (i.e. solidification) and melting in the context of the particle model. Learners investigate, in a variety of contexts, what happens to solids when they are heated and liquids when they are cooled. 

The unit finishes by having learners investigate what happens when a chemical reaction takes place. Learners observe several chemical reactions and learn about the new substances that have been produced. 

This unit provides opportunities for learners to make first hand observations and record, and present, their findings in a variety of ways.

	Recommended prior knowledge or previous learning required for the unit:

	Learners will benefit from previous experience of:
· identifying, naming, describing, sorting and grouping common materials (including wood, plastic, metal, glass, rock, paper and fabric).
· learning about the difference between an object and a material.
· testing materials to determine their properties.
· describing solids, liquids or gases.
· describing differences in the properties of solids and liquids. 

	Suggested examples for teaching Science in Context:

	4SIC.01 Describe how scientific knowledge and understanding changes over time through the use of evidence gained by enquiry. 
Learners could consider about how our knowledge and understanding of particles and the particle model has changed and developed over time. They could learn about the ideas of the ancient Greek Democritus and how those ideas have changed over time. 

4SIC.02 Describe how science is used in their local area
Learners could discuss if there are examples in their lives, e.g. at home or local companies, who use an understanding of solids, liquids, freezing, melting and chemical reactions. This could include food production, where flour is often poured as it acts like a liquid, or considering industries that make products through chemical reactions. It may be possible to have someone from a local company come in and talk the learners about how this science is used.  




	
Learning objective
	Key vocabulary
	Possible Models and representations
	Possible Misconceptions

	4Cm.02 Understand the difference between materials, substances and particles.
	Material, substance, particle
	Learners could draw particle diagrams to show the difference between a pure substance and a material. 
	Learners may think that the terms ‘material’, ‘substance’ and ‘particle; mean the same thing because of their everyday use. To address this misconception, repeatedly model the correct use of the terms and give learners lots of opportunities to use them in context.

	4Cm.01 Describe the particle model for solids and liquids.
	Particle, particle model, solid, liquid
	Learners could draw and label diagrams showing the arrangements of particles in a solid and a liquid. 
	Learners may think that the particles in a liquid are much further apart than the particles in a solid. This misconception may be seen when they draw the particles in a solid and a liquid. Address this misconception by explaining that liquid particles are close together like solids, but they are arranged randomly and are not as rigidly kept in place as in solids. Particle diagrams and drama activities are good ways of helping learners to understand the arrangement of particles in solids and liquids. 

	4Cm.03 Know that particles are in constant motion, even when in a solid.
	Particle, particle model, constant, motion, solid, vibrate
	Learners could role-play particles in a solid (e.g. an ice cube). They line up in regular rows, standing shoulder to shoulder and with their hands on the shoulders of the person in front of them. To simulate the constant motion of particles in a solid they shake from side to side (while staying in the same place). 
	Learners may think that the particles in a solid are not in constant motion because solids keep their shape and; they cannot directly observe the movement of particles. Address this misconception by explaining that particles, even in a solid, are in constant motion because they contain energy which makes them vibrate. Using drama is a good way of addressing this misconception. 

	4Cp.01 Use the particle model to explain the properties of solids and liquids.
	Particle model, particle, property, solid, liquid, vibrate, volume 
	Learners could role-play particles in a solid (e.g. an ice cube). They line up in regular rows, standing shoulder to shoulder and with their hands on the shoulders of the person in front of them. The fixed position of each ‘particle’ demonstrates why solids keep their shape and have a fixed volume. 

Learners could role-play particles in a liquid in an outdoor area. Mark out a semicircle using cones; this represents a bowl. The ‘particles’ stand in the ‘bowl’ and move around each other staying close to the other ‘particles’ at all times.  
	Learners may think that particles are much larger than they are (e.g. the size of grains of sand). Address this misconception by explaining that particles are very, very small (i.e. much too small to see). Use the example of the ink in a full stop which contains many millions of particles.  

	4Cp.02 Describe and explain how some solids can behave like liquids (e.g. powders), referring to the particle model.
	Solid, liquid, powder, granular solid, particle model
	Learners could draw labelled diagrams that show how granular solids can behave like liquids. For example, they could draw powders being poured from one container to another and partially taking on the shape of a container. 

Learners could draw what granular solids look like through a magnifying glass or hand lens (or microscope) and label their properties. 
	Learners may think that granular solids are liquids because they can be poured and (partially) take on the shape of a container. This misconception can be addressed by showing learners what a powder looks like when magnified and how it is made up of many small pieces of solids. If they compare that to a liquid, they will see the individual particles in a liquid cannot be identified. The powder is therefore many solids which together behave like a liquid. 

	4Cc.01 Describe solidification/freezing and melting, using the particle model to describe the change of state.
	Solidification, solidify, freezing, freeze, melting, melt, particle model, change of state
	To model the process of melting, learners could role-play particles in an ice cube which has been left on a sunny windowsill on a hot day. They start off representing particles in a solid. They line up in regular rows, standing shoulder to shoulder. They shake slightly but staying in a fixed position because they are particles in a solid. Then they model the change from a solid to a liquid as the ice cube warms up. The learners begin to shake more and more until they start to move closely around each other.

To model the process of solidification (or freezing) learners could role-play particles in a bowl of water that has been placed into a freezer. In an outdoor area, mark out a semicircle using cones; this represents a bowl. The ‘particles’ stand in the ‘bowl’ and move around each other staying close to the other ‘particles’ at all times.   They begin by closely and randomly moving around each other because they are particles in a liquid. As the water cools down the particles start to line up in regular rows, shoulder to shoulder. They finish in regular rows, tightly packed together and only shaking slightly from side to side.  
	Learners may think that liquids solidify (or freeze) because they lose water. This may be because they’ve seen mud (or clay) drying out. This misconception can be addressed by explaining that when a liquid cools the particles slow down and move into the regular, fixed pattern associated with a solid. Drama is a good way of addressing this misconception however be aware drama can lead to learners believing particles act with an intention. To avoid learners anthropomorphising particles ensure you explain drama activities carefully. 

	4Cc.02 Understand that the change of state of a substance is a physical process.
	Change of state, substance, physical process, freezing, solidification, melting
	Learners could draw a series of diagrams that illustrate the process of a substance melting or freezing, labelling the physical changes that take place. 
	Learners may think that a change in state results in a new or different material, for example water being a different substance to ice. Give learners first-hand experience of these changes that will allow them to see that the substances are the same whether liquid or gas using their senses (for example ice and water, frozen and liquid fruit juice, melted and solid chocolate etc.)

	4Cc.03 Know that some substances will react with another substance to produce one or more new substances and this is called a chemical reaction.
	Substance, react, chemical reaction, reactant, product, produce, substance
	Learners could draw and label a series of diagrams that illustrate the stages of a chemical reaction (e.g. vinegar reacting with bicarbonate of soda) and record the new substances that have been produced. 
	Learners may think that chemicals are ‘used up’ during a chemical reaction and they no longer exist. This misconception can be addressed by explaining to learners that chemicals change form in a reaction; they do not disappear. Even if no longer visible the chemicals are still present somewhere. Provide learners with the opportunity to see bubbles being formed in a chemical reaction, explain that this is visible evidence that the chemicals have changed form (i.e. produced a gas).
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Learning objective
	Thinking and Working Scientifically opportunities
	Suggested teaching activities and resources

	4Cm.02 Understand the difference between materials, substances and particles.
	4TWSc.07 Use secondary information sources to research an answer to a question.

	Investigating materials, substances and particles 

Introduce the terms particles, material and substance to the learners. 
What do you think each one means?

Once you understand the range of the learners’ responses, explain to learners that everything is made from ‘particles’ which are tiny things that are too small to be seen with our eyes. Particles can only be seen with a very powerful microscope. To illustrate how small particles are ask the learners to draw a full stop. Explain that their full stop contains millions of particles. Many particles together make materials. A ‘material’ is something that is made from matter or more informally ‘stuff’ (i.e. particles). As everything is made from matter everything is a material. Introduce the word ‘pure’ and explain that it means ‘consisting of only one thing (i.e. not mixed with anything else)’. Explain that some materials are a mixture of different things (e.g. plastics) while others are pure. If something is pure it can be and called a ‘substance’.         

Give pairs of learners’ cards of different materials/substances (e.g. water, diamonds, plastic, salt, sugar, wood and glass). Using the internet the learners find out if each material is a material or a substance. As they find the answer for each they create a ‘materials set’ and a ‘substance set’. 
Do any of the answers surprise you?

Discuss with learners wood as an example of a common material which is made of many substances. Highlight to learners that common language means we often use the word material even when referring to a single pure substance (e.g. diamond or water)

Resources: Cards of different materials/substances, sources of secondary information 

	4Cm.01 Describe the particle model for solids and liquids.
	4TWSm.01 Know that models are not fully representative of a real world situation and/or scientific idea.
4TWSm.03 
Draw a diagram to represent a real world situation and/or scientific idea.

4TWSm.02 Use models to show relationships, quantities or scale.
	Investigating the particle model

Give pairs of learners a variety of liquids and solids. Ask them to sort the materials into solids and liquids. 
How did you know which ones were solid?
How did you know which ones were liquid? 

Explain what the word ‘properties’ means. Ask:
What are the properties of solids and liquids?

Listen to learners’ ideas and address any misconceptions. Elicit that a solid keeps its shape and has a fixed volume. A liquid has a fixed volume but changes shape to fill the container it is in. Model to learners what these definitions means by throwing and catching a solid ball, and by pouring water from one container to another. 

Explain that everything is made of very tiny things called particles and the arrangement of the particle determines if something is solid or liquid. Display a diagram showing the particles in a solid (e.g. 9 circles arranged in 3 rows of 3 with all the circles touching and lined up). Explain that the particles in a solid are close together and arranged in a regular way. In a solid they are held in a fixed position. Learners draw and label their own diagram of the particles in a solid. 

Display a diagram of the particles in a liquid (e.g. 9 circles that are close together and arranged in a random way. Ensure all circles are in contact with at least one other circle). Explain that particles in a liquid are still held closely together but they are able to move around each other because they are not as fixed. Learners draw and label their own diagram of the particles in a liquid. 
What are the limitations of our solid and liquid particle diagrams?
How are they different to the real thing?

Discuss with learners the limitations of their solid and liquid particle diagrams (e.g. in the real world, particles are not circular shaped or two dimensional). Explain that models are used in science to demonstrate how processes, which cannot be directly experienced or observed, happen and to explain scientific concepts and phenomena. Scientific models are often not fully representative of a real world situation or scientific idea as they cannot show all of the detail.    

Put learners into groups; explain that each learner represents a particle. Ask the groups to arrange themselves as if they are particles in a solid and then particles in a liquid.   

Resources: Different solids and liquids, particle model diagrams for a solid and a liquid

	4Cm.03 Know that particles are in constant motion, even when in a solid.

4Cp.01 Use the particle model to explain the properties of solids and liquids.
	4TWSm.02 Use models to show relationships, quantities or scale.
	Investigating the behaviour of solids and liquids 

Recap the properties of solids and liquids and how they are made of tiny things called particles. Display diagrams showing the particles in a solid and a liquid. 
Why do solids keep their shape and have a fixed volume?
Why do liquids take on the shape of a container? 
Ask learners to look at the particle model diagrams and discuss their ideas. They then share their thoughts with the whole class. 

Elicit that particles in a solid are close together, arranged in a regular way and held together in a fixed position. Therefore, they have a fixed shape (i.e. volume). Particles in a liquid are close together, arranged in a random way, held together but less fixed than in a solid so they are able to move around each other. Therefore, they are ‘runny’; they take on the shape of a container and can be poured. 

Take learners into an open space (e.g. outside or a classroom with tables moved to the side). Mark out a ‘bowl’ with a circle of cones and a box with square of cones. 

Show learners a bowl and a box and explain how the two layout of cones represent those two containers. Show learners a cube of wood. Explain to learners that they will each represent a particle in an cube of wood and the cube is in the ‘bowl’.  Place the cube of wood into the bowl. 
Is the cube of wood a solid or liquid?
To represent this, how do you need to stand in the ‘bowl’?

Elicit that cube of wood is a solid and that learners need to line up in regular rows, standing shoulder to shoulder, closely packed together. Ask learners to line up as described. Explain that particles are in constant motion because they contain energy. Particles in a solid are in a fixed position but they vibrate. Ask learners to shake from side to side on the spot to represent this. Discuss with the learners that if the cube of wood was tipped from the bowl into the box what would happen.
Would the cube of wood change shape?

Show learners what happens using the cube of wood. 
To represent this what do you need to do?

The learners need to move as one ‘solid’ keeping together and moving from the cones representing the bowl to the cones representing the box without changing position relative to each other. 

Show learners a jug of water. Pour some water into the bowl. Tell learners they will now be liquid water. 
How do you need to stand in the ‘bowl’ to represent the particles in a liquid?

Elicit that they still need to stand closely together but they should now move around each other randomly. Ask learners to do this. Demonstrate tipping the water from the bowl to the box – repeat if necessary.
To represent this what do you need to do?

Learners then move around each other from the cones representing the bowl to the cones representing the box. Ensure they ‘fill’ the bottom of the box to show the liquid spreading out to the shape of the container. 

Resources: Particle model diagrams for a solid and a liquid, cones, cube of wood, water, jug, bowl, box

	4Cp.02 Describe and explain how some solids can behave like liquids (e.g. powders), referring to the particle model.
	4TWSc.01 Use observations and tests to sort, group and classify objects.
	Investigating granular solids

Recap how particles in solids and liquids behave and how this explains their properties. Give learners a range of granular solids (e.g. sand, rice, salt) and a variety of empty containers. Ask learners to pour the granular solids from one container to another and observe what happens.
Is the sand a solid or liquid? Why?

Discuss with learners how the sand (or other granular solid) poured and takes on the shape of the container. 
Does this make it a liquid?

Ask learners to examine the sand with magnifying glasses or hand lenses and describe what they see. If magnifying glasses or hand lenses are not available, show learners magnified images of sand (and other granular solids). Explain that granular solids (e.g. sand) are made up of thousands of tiny solids, called ‘grains’. If you took an individual grain it is a solid. Having many solids moving around each other does not mean you now have a liquid, it is about how the particles in the solid move. They can’t be liquids because their particles randomly move around each other. 

Learners draw what the sand looks like through a magnifying glass or hand lens and label the properties of an individual grain and a collection of grains.

Resources: A range of granular solids, containers, magnifying glasses or hand lenses.  

	4Cc.01 Describe solidification/freezing and melting, using the particle model to describe the change of state.

4Cc.02 Understand that the change of state of a substance is a physical process.
	4TWSp.02 Know that there are five main types of scientific enquiry (research, fair testing, observing over time, identifying and classifying, and pattern seeking).

4TWSp.04 Identify variables that need to be taken into account when doing a fair test.

4TWSp.03 Make a prediction describing some possible outcomes of an enquiry.
4TWSa.01 Identify whether results support, or do not support, a prediction.
	Investigating melting and solidification/freezing 

Explain to learners that they’re going to investigate the processes of melting and solidification/freezing. 
What happens to a solid if you heat it up? 

Place learners into pairs. Give each pair of learners an ice cube, an empty bowl and a bowl containing hot (but not boiling) water. They put the ice cube into the empty bowl and then place this bowl on top of the ‘hot water bowl’. Ask learners to observe and record what happens to the ice cube. 

Discuss their observations as a whole class and identify that they all observed melting. Explain that when a solid is warmed up it melts and turns into a liquid. Display diagrams showing the arrangement of particles in a solid and a liquid. Explain that when the ice cube was a solid the particles were arranged in a regular, closely-packed pattern. The particles were held together in a fixed position and moving (i.e. vibrating) only slightly. Warming up the ice cube made them move (i.e. vibrate) more and more until they became less fixed and they started to move around each other. This is a gradual process until all of the ice cube has melted and all the solid has been turned into liquid water 

Ask learners: 
Do all solids melt at the same rate? Which solid melts into a liquid the quickest?  
Remind learners that there are five main types of scientific enquiry and briefly outline each. Explain to learners that they’re going to carry out a ‘fair test’ enquiry into the melting speed of different solids. In a fair test one thing is changed to see what effect this has; this is called the ‘independent variable’. Everything else is kept the same; these are called the ‘control variables’. One thing is measured to see what (if any) effect there is; this is called the ‘dependent variable’. 

Put the learners into groups and give each group three different solids (e.g. chocolate, butter, ice) and six bowls. Explain that they’re going to half-fill three of the bowls with hot (but not boiling) water. They will then put each solid into an empty bowl and place that bowl on top of one of the ‘hot water bowls’; they will time how long it takes for each solid to melt.  
What are we changing?
Elicit that learners will be changing the type of solid. 

What are we measuring? 
Elicit that learners will be measuring how long it takes each solid to fully melt and turn into a liquid. Provide them with stopwatches (or other equipment to measure the time).

What will you be keeping the same?
Ask learners to identify the control variables. Elicit that the water needs to be the same temperature in each bowl and they could also use a thermometer to check the temperature of the water is the same. Learners also need the same amount of each solid. Give learners weighing scales so they can ensure they have the same amount of each solid. 

Which solid do you predict will melt the quickest? 
Model how to make a scientific prediction. Ask learners to predict, and record, which solid they think will melt the quickest; they should justifying their prediction. 

Learners then carry out the investigation and record their results in a table. 
Which solid melted the quickest?
Was your prediction correct? 
Discuss learners’ results and whether they support their predictions. 

Explain to learners now they have considered what happens when you heat a solid now, they will consider what happens if they cool a liquid.    
What happens to a liquid when you cool it down? 
Why do you think that?

Explain to learners that they’re going to put different liquids into a freezer and observe what happens to each liquid as it cools down. 
Which liquids would you like to put into the freezer? 

Ask learners to select which liquids they want to put into the freezer. Select liquids that are safe and practical to work with (e.g. water, milk, fizzy drink, fruit juice). Pour the liquids into separate sections of an ice cube tray and put the tray into the freezer. Learners observe, at regular intervals, what is happening to the ice cubes until they are completely frozen. 
What has happened to the liquids? 

Elicit that the liquids have changed into solids. Display a diagram showing the arrangement of particles in a liquid and solid. Explain that, at the start, the particles in the liquids were closely packed in a random way. They were held together weakly and moved around each other. Cooling the liquids down made the particle move more slowly until, eventually, they formed a closely-packed, regular pattern held together in fixed positions. At this point the liquids had turned into solids; their particles only moving (i.e. vibrating) slightly.  

Resources: Bowls, different types of solid, stopwatches, different types of liquid, ice cube trays, a freezer, salt

	4Cc.03 Know that some substances will react with another substance to produce one or more new substances and this is called a chemical reaction.
	4TWSp.05 Identify risks and explain how to stay safe during practical work.
4TWSc.06 Carry out practical work safely.

	Investigating chemical reactions

Put learners into groups and give each group an empty container, some vinegar and some bicarbonate of soda. Ask them to pour some of the vinegar into the empty container. Then ask them to add some bicarbonate of soda to the vinegar and observe what happens.
What happened when you added the bicarbonate of soda to the vinegar? 

Discuss learners’ observations. Explain that they have just witnessed a chemical reaction. In chemical reactions a substance (called the reactant) reacts with another substance (another reactant) to produce one or more new substances (called products). In this case, the vinegar reacts with the bicarbonate of soda to produce a gas called carbon dioxide; explain that the gas was in the bubbles that they observed). Explain to learners that neither vinegar nor bicarbonate of soda are dangerous substances for them to handle but this is not always the case. Ask:
What risks could there be from chemicals?
What must you always do when handling chemicals? 

Draw out the key point that some chemicals can be very dangerous, such as chemical that can catch fire easily or chemicals that could burn their skin or be toxic is swallowed. Learners must never experiment with chemicals without the supervision of a responsible adult. Explain that when handling chemicals that could be harmful learners should wear protective clothing (e.g. gloves, goggles). They should be careful not to get any chemicals on their skin or to swallow any.

Learners will benefit from opportunities to experience carrying out the chemical reactions for themselves. If it is not possible to carry out investigations in class then show learners videos of chemical reactions.

Remind learners that there are five main types of scientific enquiry; briefly outline what they are. Explain that they are going to carry out an ‘observing over time’ enquiry. Ask learners to place an iron nail (or another metal object that containers iron) into a container with water so the iron nail (or other object) is half in and half out of the water. Over the next few days, learners observe and record what happens to the nail. 
What has happened to the nail after being in the water for a few days?

Discuss learners’ observations. Explain that the orange substance that has developed on the surface of the nail is called rust. The iron in the nail has reacted with the water and oxygen in the air to produce a new substance (i.e. rust). This activity could be extended by learners investigating what effects the speed at which iron rusts (e.g. putting one nail in freshwater and another in saltwater). 

Resources: Plastic containers, vinegar, bicarbonate of soda, gloves, safety goggles, iron nails
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	Unit 4.4 Energy and light

	Outline of unit:

	This unit begins by focussing on energy. Learners research what energy is and where it is found. They then learn that energy cannot be made, lost, used up or destroyed but it can be transferred.

The unit then looks at light where learners investigate how light travels in straight lines and reflects from surfaces. The unit finishes by investigating how we can see non-luminous objects. 

This unit provides multiple opportunities for learners to make observations and use a range of models to describe scientific phenomenon. Learners can also develop their prediction and conclusion making skills. 

	Recommended prior knowledge or previous learning required for the unit:

	Learners will benefit from previous experience of:
· identifying different light sources, including the Sun.
· knowing darkness is the absence of light.
· investigating how light can pass through some materials and is blocked by others, and understanding the terms transparent, translucent and opaque.
· describing how shadows are formed when light from a source is blocked by an object.
· investigating how the size of a shadow is affected by the position of the object and the position of the light source.
· constructing simple series circuits (limited to cells, wires and lamps).

	Suggested examples for teaching Science in Context:

	4SIC.02 Describe how science is used in their local area.
When teaching about reflection, learners could consider how reflective materials are used to help keep people safe at night. For example, people wearing reflective clothing or roads having reflective studs.

4SIC.03 Use science to support points when discussing issues, situations or actions.
Learners can debate how the term energy is used in day to day life and if misuse of the term is appropriate or not. They can draw on their scientific knowledge to discuss this issue and consider what actions, if anything, should be done. 

4SIC.05 Discuss how the use of science and technology can have positive and negative environmental effects on their local area.
Learners could investigate night-time outdoor lighting in their area and how this impacts local wildlife. They can consider the positive and negatives of artificial lighting in general and what is being done to limit the negative effects.





	
Learning objective
	Key vocabulary
	Possible Models and representations
	Possible Misconceptions

	4Pf.01 Know that energy is present in all matter and in sound, light and heat.
	Energy, matter, sound, light, heat
	Learners could draw the classroom and label where energy is present. They could repeat this for other familiar places (e.g. a kitchen). 
	Learners will be familiar with the everyday usage of the word ‘energy’ (e.g. people saying they have ‘run out of energy’ when they are tired). This may lead to misconceptions when learning about the scientific concept of energy. Address possible misconceptions by explaining that everyday words often have a different meaning when they are used in a scientific context. Explain that energy doesn’t run out, it is transferred into other types of energy.   

	4Pf.02 Know that energy cannot be made, lost, used up or destroyed but it can be transferred.
	Energy, transfer
	Learners could draw diagrams showing energy being transferred from one place to another, such as:
from a fire to the surrounding air (or ground) in the form of heat and light
from the wind to a sail (or wind turbine) in the form of movement
from a speaker to the air in the form of sound. 
	Learners may think that energy can be ‘used up’ (often to mean lost or destroyed) because of their experience of feeling tired or of batteries in their toys that stop working. Giving them lots of opportunities to use their senses to witness energy transfers for themselves can help to address this misconception (e.g. feeling the heat energy from a warm drink when holding a cup).

	4Pf.03 Know that energy is required for any movement or action to happen.
	Energy, movement, action
	Learners could draw a series of diagrams of different moving objects and label where the energy is coming from (e.g. a sailboat with the energy coming from the wind). 
	Learners may think that movement energy caused by the wind or air (e.g. blowing on a toy windmill) is not energy because it cannot be seen, only its effects can be seen. This misconception can be addressed by ensuring learners witness plenty of examples of wind/air energy and by reinforcing there is energy, even if we cannot see something moving.

	4Pf.04 Know that not all energy is transferred from one object to another, but often some energy during a process can be transferred to the surrounding environment and this can be detected as sound, light or temperature increase.
	Energy, transfer, object, sound, light, heat, temperature
	Learners could draw diagrams showing energy being transferred from one object to another object but also include, and label, energy transfer to the surrounding environment (e.g. sound, light, temperature increase). 
	Learners may not consider sound or light energy to be ‘energy’ as they do not produce movement in most cases. To address this misconception, make sure they have plenty of experience of a range of different energy transfers, highlighting the type of energy that can be detected. For example, when we clap our hands, some of the movement energy is transferred to sound energy in the surrounding environment.

	4Ps.01 Know that light travels in straight lines and this can be represented with ray diagrams.
	Light, light source, light ray, straight line
	Learners draw diagrams of light rays travelling in straight lines from a light source. They label the light source and the light rays.  
	Learners may think that light can bend into visible curves because they’ve seen rainbows. Explain to learners that rainbows are not light rays. They are where the Sun’s light is being split by droplets of water floating in the Earth’s atmosphere. Learners can explore rainbows using prisms. Demonstrate that light travels in straight lines by shining a torch beam across a dark room and sprinkling dust particles to reveal the straight light beam. 

	4Ps.02 Know that light can reflect off surfaces.
	Light source, light, light ray, straight line, reflect, reflection, bounce, surface
	Learners could draw light rays travelling in straight lines, hitting a surface and then bouncing from the surface in another direction. They label the light rays and the surface. 
	Learners may think that light doesn’t reflect from non-shiny surfaces because they cannot see light rays being reflected. Address this misconception using ray diagrams to model what happens when light hits a surface.  

	4Ps.03 Describe how objects which are not light sources are seen.
	Light source, light ray, straight line, reflect, reflection, bounce
	Learners draw diagrams which show:
1. A light ray leaving a light source and travelling in a straight line. 
2. The light ray hits an object which is not a light source (e.g. an apple). 
3. The light ray is reflected from the object and into an eye. 
Learners could use drama to demonstrate the process by which we see an object which is not a light source. In groups learners role-play a light source (e.g. the Sun), a light ray’, an object and an eye. The learner representing the light ray leaves the learner representing the light source walks towards the learner representing the object, bounces off the ‘object’ and moves towards the learner representing the eye. 

A bouncy ball, table and hoop could be used to model the process by which we see objects which are not light sources. The ball represents a ray of light, the table the object and the hoop an eye. Learner throw the ball against the table to get it through the hoop. The way the ball moves models the movement of light.
	Learners may think that we can see things because light rays travel from our eyes towards an object. Address this misconception by taking them to an entirely dark room with no light sources so that they can experience it for themselves. Learners can then be provided with a torch and objects to show how they can only see the objects when the light source is directed at the objects. Explain that they cannot see because their eyes cannot produce light of their own, but when the torch, which is a source of light, is on they can see the objects. You could also tell them about the work and ideas of the early Arabic mathematician, astronomer and physicist Ibn Al Haytham who is considered to be the ‘father of modern optics’. He proved that we see objects because light bounces off them and into our eyes. When drawing ‘light diagrams’ encourage learners to always include the light source to reinforce the idea that light leaves a light source and either directly enters our eyes or reflects from an object into our eyes.  
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Learning objective
	Thinking and Working Scientifically opportunities
	Suggested teaching activities and resources

	4Pf.01 Know that energy is present in all matter and in sound, light and heat.
	4TWSc.08 Collect and record observations and/or measurements in tables and diagrams.
	Investigating energy 

Introduce the term energy
What does energy mean?
Can you give some examples of energy?
Learners share their answers. Do not correct any misconceptions at this stage but do note them for correction over the unit. 

Explain to learners that energy helps us do things and give examples:
Energy warms our bodies and homes.
Energy allows us to grow, move and think.
Energy allows electrical appliances (e.g. freezers, cookers) and machines (e.g. cars) to work.

Explain to learners that they are going to go on an ‘energy hunt’. Ask them to identify different types of energy in the school buildings and grounds. Model completing a table They record what they find in their own table and then present their findings to the rest of the class.

Show learners some example from a ‘teacher version’ discuss that energy is present in all matter (all particles are moving), sound, light and heat.

Resources: None

	4Pf.02 Know that energy cannot be made, lost, used up or destroyed but it can be transferred.
	4TWSp.03 Make a prediction describing some possible outcomes of an enquiry.

4TWSa.01 Identify whether results support, or do not support, a prediction.

4TWSc.06 Carry out practical work safely.
	Investigating energy transfer 

Show the word energy to learners. 
What happens to energy?
Where does energy in food go when we eat the food?

Explain to learners that energy cannot be made, lost, used up or destroyed but it can be transferred. Discuss with learners that sometimes they may say the ‘use’ energy or they have ‘run out of’ energy, where they mean energy has been lost or destroyed, which is not scientifically true and what they are saying/doing is using common phrases to describe a feeling or explain something informally. 

Explain to learners ‘energy transfer’ means to move energy from one form or place to another. This means there is the same amount of energy today as there was when the world began. When we ‘use’ energy, it is changing from one form into other forms of energy. For example, when we burn wood the energy is changed from a store in the wood into heat, light and noise. 

Light energy can be transferred into heat energy when it hits an object. Ask learners to place a glass of cold water in a sunny spot and to measure the temperature of the water with a thermometer. 
What do you think will happen to the temperature of the water? 

After 30 minutes, ask learners to take the temperature of the water again. Explain that some of the energy in the sunlight has been transferred into heat energy, this causes the temperature of the water to increase. Ask learners to identify if their results support (or do not support) their predictions. 

Explain that heat energy is in everything. Heat energy can be transferred. Give learners a cup filled with warm water. Ask them to take the temperature of the water every minute for the next 30 minutes.
What do you predict will happen to the temperature of the water?

Discuss learners’ predictions. They then carry out the investigation.  
What happened to the temperature of the water? Why?

Listen to learners’ observations and ideas. Ask learners to identify if their results support (or do not support) their predictions. Explain that the temperature of the water goes down because the heat energy is being transferred into the surrounding cup and air.

Give learners different types of percussion and string musical instruments. Ask them to explore how movement energy is transferred into sound energy when they play the instruments (e.g. when they hit the drum with their hands movement energy is transferred into sound energy).  

Resources: Glasses, thermometers, cups, musical instruments

	4Pf.03 Know that energy is required for any movement or action to happen.
	4TWSm.02 Use models to show relationships, quantities or scale.

4TWSc.03 Choose equipment from a provided selection and use it appropriately.
4TWSm.03 Draw a diagram to represent a real world situation and/or scientific idea.
	Investigating the energy of movement 

Explain to learners that energy is required for any movement or action to happen. Display a picture of a windmill (or wind turbine).
How is the windmill turning?
Why is it moving?

Explain that energy must be transferred from the wind to a windmill in order for it to turn. Display a picture of a waterwheel.
How is the waterwheel turning?
Why is it moving?
Explain that energy must be transferred from the water to the wheel for it to turn. 

To explore the energy of movement (or ‘kinetic energy’) learners could make physical models of: 
wind turbines using a piece of card, drawing pin and stick
waterwheels using a stick, two circular pieces of card and empty plastic pots
sailboats using an empty plastic bottle, a stick and a piece of card.
Learners could then draw diagrams of their models and label where the energy is coming from that causes the movement. 

This activity could be extended by learners considering the energy of movement involved in bouncing balls. Put learners into pairs and give them two balls where one ball is larger than the other (e.g. a tennis ball and a football). Ask learners to drop the balls at the same time and observe what happens. Neither ball should bounce very high. They then put the smaller ball on top of the larger ball and drop them. The smaller ball will bounce much higher this time because the larger ball hits the smaller one, giving it extra energy. 
Resources: Pictures of a windmill and a waterwheel, resources for making physical models, bouncing balls

	4Pf.04 Know that not all energy is transferred from one object to another, but often some energy during a process can be transferred to the surrounding environment and this can be detected as sound, light or temperature increase.
	4TWSm.03 Draw a diagram to represent a real world situation and/or scientific idea.
	Investigating energy transfer to the surrounding environment 

Put learners into groups; give each group a cell, two wires and a lamp. Model how to make a simple circuit and ask learners to make their own. Ensure that every group has been able to make their lamp light up. Ask learners to carefully place their hand near to the lamp, warning them not to actually touch the lamp. 
What do you feel? 

Explain that energy, in the form of electricity, is flowing around the circuit. It is being transferred from the cell to the lamp. Some of the energy, however, is being transferred to the surrounding environment in the form of light and heat

In pairs, learners stretch some plastic film over a bowl and hold it in place with a rubber band. The plastic film should be stretched quite tightly like the skin of a drum. Sprinkle some rice (or dried beans) on top. Ask learners to tap the side of the bowl with a spoon.
What do you see? (Answer: The rice moving)
Why is the rice moving?
Where is the energy for the movement coming from?

Discuss their observations. Explain that energy is transferred from the spoon to the bowl when they tap and this is then transferred to the rice, but some of it is also transferred to the surrounding environment in the form of sound.

Ask learners:
What other energy transfer can you think of where some energy is transferred to the surrounding environment?

Learners draw diagrams for each of the enquiries above, and if possible their own examples, and label where the energy is being transferred to and in what form. 

First-hand experience of energy transfer will be the best way for learners to learn about them, but if it is not possible to carry out the above investigations in class, then videos of these and similar examples of energy transfer can be found on the internet.
Resources: Wires, cells, lamps, bowls, plastic film, spoon, rubber bands, rice, a heavy object, string

	4Ps.01 Know that light travels in straight lines and this can be represented with ray diagrams.
	4TWSm.03 
Draw a diagram to represent a real world situation and/or scientific idea.

4TWSa.03 Make a conclusion from results and relate it to the scientific question being investigated.
	Investigating light 

Before the lesson which uses this activity, prepare a set of hole-punched cards for each group. Place three pieces of card on top of each other; punch a hole through the middle of the card so that the holes align. 

Explain to learners that we’re going to be investigating light. 
What do you already know about light? 

Learners discuss their ideas with a partner or in groups. They then share their thoughts in a whole class discussion. Note any misconceptions for addressing in this activity or in other lessons. Explain that light comes from a light source (e.g. the Sun). For this investigation, we are going to use torches as our light sources. 
 
Put learners into groups; give each group a torch and a set of hole-punched cards. Ask learners to position their pieces of card about 20 cm apart in an upright position with the holes aligned. They could be held in place using books (or modelling clay). Make the room as dark as possible. Ask learners to shine their torch through the hole in the first piece of card and observe what happens. When all the holes are correctly aligned, the light from the torch will travel through each hole in turn. Ask learners to move the middle card so its hole is no longer aligned with the others. 
What do you notice?

Explain that the light will hit the card and not be able to travel onwards; light will not bend round to go through the hole. 
What does this investigation demonstrate about light? 

Elicit that light travels in straight lines. Ask learners to write a conclusion explaining that light travels in straight lines and how their observations show this. 

This activity can be enhanced by shining a powerful torch across a dark room, taking care not to shine it into anyone’s eyes. Sprinkle dust along the light beam; some of the light will reflect from the dust particles revealing the light beam which learners will be able to see is straight. Learners could also be shown pictures of laser beams or car headlights on a foggy night. 

These investigations would be best for learners to experience first-hand, but could be done as teacher demonstrations if equipment is limited.

Model drawing ray diagrams to represent what is happening, explaining each part of the diagram especially that we often refer in science to light as light rays.  Learners draw their own ray diagrams showing the light rays travelling in a straight line through the aligned holes  or being blocked when the holes are not aligned.

Resources: Torches, sets of hole-punched cards 

	4Ps.02 Know that light can reflect off surfaces.
	4TWSc.08 Collect and record observations and/or measurements in tables and diagrams.

4TWSp.04 Identify variables that need to be taken into account when doing a fair test.

4TWSc.05 Take measurements in standard units, describing the advantage of standard units over non-standard units.

	Investigating reflection

Recap that light rays travel in straight lines. Put learners into groups. Give each group a torch and a range of opaque materials; include both reflective and unreflective materials. Ask learners to shine their torches onto the different materials and observe what happens. 
What happened when you shone the torch onto the different types of material? 
Listen to learners’ observations. Introduce the term ‘reflect’ and explain that light reflects or bounces off surfaces. 
Did the same amount of light reflect off each material?

Listen to learners’ observations and discuss that some materials reflect more light than other materials. 

Ask learners:
Which material reflects the most light?

Explain to learners that they are going to carry out a ‘fair test’ scientific enquiry to find out the answer to this question. In a fair test one thing is changed to see what effect this has; this is called the ‘independent variable’. Everything else is kept the same; these are called the ‘control variables’ the thing you are measuring to see what, if any, effect there is, is called the ‘dependent variable’. 

Explain that they are going to shine a torch at each of the pieces of material and use a 5 point scale (1 being not reflective to 5 being very reflective) to judge how much light is reflected from them (model how to make this judgement). 

Ask learners:
What are we changing?

Elicit that learners will be changing the type of material. 
What are we measuring? 

Elicit that learners will be measuring how much light is reflected off each material. 
What will you be keeping the same?

Ask learners to discuss in pairs (or groups) what they will keep the same. Learners then share their ideas with the whole class. List learners’ suggestions. If necessary, elicit that they will need to use the same torch. The distance between the material and the torch will also be kept the same; demonstrate to learners how to use a tape measure to do this. Explain that taking measurements with standard units is better because they are more reliable and universally recognised. 
Why should we use a tape measure?
Why not use one pencil length? 

Explain that taking measurements with standard units is better because they are more reliable and universally recognised. Discuss if they used a pencil but between the groups the pencils were different sizes this would lead to variation in something we want to control.  

Ask learners: 
How will you record your results?
Listen to learners’ suggestions and then model how to draw a results table. Learners draw their own results table. 

Make the room as dark as possible. Learners carry out their investigation and record their results. Discuss learners’ findings and which materials they found were the most/least reflective.

Resources: A range of opaque materials, torches, tape measures  

	4Ps.03 Describe how objects which are not light sources are seen.
	4TWSm.03 
Draw a diagram to represent a real world situation and/or scientific idea.
	Investigating how we see objects that are not light sources 

Before this lesson, gather a collection of straight sticks and attach an drawing of an arrow to one end of each stick. 

Recap that light travels in straight lines and reflects off surfaces. Explain to learners that some things are sources of light while others are not. 
What light sources can you think of? 
How do you think we see light sources like a light bulb? 

Learners discuss their ideas in groups. They then share their thoughts with the whole class.

Explain to learners that we see light sources because the light rays leave the light source travel in a straight line until they reach our eyes. To help them understand, draw a ray diagram on the board showing a light ray going from a light source to an eye. In addition, select a learner to stand at the front of the classroom; they hold a torch to show that they are a light source. Select learners to hold the prepared sticks pointing away from the light source in different directions (to represent light rays). Select a learner to represent the eye of an animal and position them to they ‘see’ a light ray. Explain to learners that often sources of light are intense and should not be directly looked at the intensity of the light can damage the eye (e.g. do not look directly at the Sun) 

Ask learners:
How do you think we see objects which are not light sources? 
Learners discuss their ideas in groups. Ensure they consider the understanding that has just been covered. 

Put the learners into groups around tables and give each group a torch. Make the room as dark as possible. Put an object which is not a light source (e.g. a ball) in the middle of each group’s table. Choose one person in each group to shine the torch onto the top of the ball while the other learners stand around it and observe what happens.  
Is the ball a light source? How can you all see the ball?
What is happening to the light from the torch when it hits the ball?

Challenge learners to use the sticks to model how they can see the object. Look at their models and address any misconceptions. They should have a ‘light ray’ leaving the torch and hitting the ball. The light ray hitting the ball is then reflected from the ball to a person who is now able to see the object. Learners draw and label ray diagrams to show this process. 

Remove the torches and make the room as light as possible. 
Why can you still see the balls even though the torches have gone?
What is the light source now? 

Elicit that the light source is now the Sun; sunlight comes through the windows, bounces off the balls (and every other object in the room) and into their eyes which is why they can see them. Learners could draw and label a ray diagram of this.

Resources: Torches, prepared sticks, balls
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	Unit 4.5 Life processes and ecosystems

	Outline of unit:

	This unit begins by exploring habitats. Learners identify that different animals and plants are found in different habitats and that the animals and plants are suited to the conditions found there. They investigate how some plants and animals can survive in several different habitats.

The unit then focusses on food chains and learners develop their use of the words predator, prey, herbivore, carnivore and omnivore. Learners research the diet of different animals and use their findings to construct food chains.

Learners then learn about infectious diseases in plants and animals and how vaccinations prevent us from getting sick. The unit finishes by investigating the importance of movement for maintaining human health. When learning about the importance of movement for human health learners have opportunities to investigate the effects of physical activity on the body; this should not be taught in a purely theoretical way.  

Some of the activities in this unit require observations of seeds and plants taken over a number of days or weeks. This should be kept in mind during lesson planning to ensure appropriate time is allocated for taking observations and making conclusions.

	Recommended prior knowledge or previous learning required for the unit:

	Learners will benefit from previous experience of:
· learning about habitats as a place where plants or animal naturally live.
· describing different habitats that contain different plants and animals.
· identifying similarities and differences between local environments in terms of hot, cold, dry, wet, many plants, few plants, many animals and few animals.
· learning that humans need to manage diet, maintain hygiene and move regularly to be healthy.
· describing what illness is and learning about the common signs of illness in humans.
· identifying and describing simple food chains, where plants are producers and animals are consumers of plants and/or other animals.
· identifying some of the important organs in humans (limited to brain, heart, stomach, intestine and lungs) and describe their functions. 

	Suggested examples for teaching Science in Context:

	4SIC.03 Use science to support points when discussing issues, situations or actions.
Learners could use scientific evidence when discussing the important role vaccinations have in protecting human health. They could look at the work of Edward Jenner and the development of the smallpox vaccine as an example. Learners can also look at human health more broadly and consider the importance of exercise in maintaining health and preventing diseases like obesity.





	
Learning objective
	Key vocabulary
	Possible Models and representations
	Possible Misconceptions

	4Be.01 Know that different animals are found in, and suited to, different habitats.
	Animal, suited, habitat
	Learners could draw a habitat and some of the common animals that are found there. They add labels describing the conditions in the habitat and how the different animals are suited to it.  
	Learners may believe that an animal becomes suited to the conditions in their habitat during their lifetime (e.g. a polar bear grows a thick, warm coat because they live in a very cold place). This misconception can be addressed by explaining to learners that animals becomes suited to their habitat through a process of random variation and takes place over a very long period and many generations. This is why animals will have features not suitable for a habitat they are living in e.g. polar bears in temperate zoos still have thick coats. 

	4Be.02 Know plants and animals can survive in environments other than their habitats.
	Plant, animal, survive, environment, habitat
	Learners could draw (or make models) of two plants of the same species in two different habitats and annotate the differences. For example, learners could draw a tropical plant (e.g. a dragon plant, a flamingo plant) in its native habitat (i.e. tropical forest) and in a plant pot inside a home. This activity could also be done for two animals (e.g. a polar bear in the Arctic and one in a zoo in a warmer country).
	Learners may think that plants/animals cannot survive outside of their habitats. Address this misconception by teaching learners about invasive species and other animals that successfully live in different habitats. For example, the natural habitat of foxes is woodland but they have started to live in large numbers in towns and cities around the world. 

	4Bp.03 Know that plants and animals need energy to grow, live and be healthy, and plants get their energy from light while animals get their energy from eating plants or other animals.
	Plant, animal, energy, grow, growth, healthy
	Learners could draw diagrams with arrows to show where plants and different animals get their energy from. 
	Learners may think that plants get all their food and energy from the soil through their roots. Address this misconception by growing some plants in the classroom without any soil (e.g. putting seeds in damp cotton wool, growing a bulb suspended over some water) and by teaching learners about the functions of roots.

	4Bp.02 Know that plants and animals can have infectious diseases, and vaccinations can prevent some infectious diseases of animals.
	Plant, animal, infectious diseases, vaccinations, vaccine, prevent, prevention, health
	Learners could draw simple diagrams to show how infectious diseases can be spread through the air (e.g. by someone sneezing) or through touch. 
Learners could draw simple ‘cartoon strips’ showing how a vaccine works. They could focus on how Edward Jenner’s small-pox vaccine worked. 
	Learners may think that if they have close contact with someone who has an infectious disease they will get that disease automatically and immediately. To address this misconception, explain to learners that this is not always the case. Whether an infectious disease is spread from one person to another depends on lots of different factors; this includes the type of disease and how fit and healthy someone is.

	4Be.03 Describe food chains as being made of producers and consumers, and classify consumers as herbivores, omnivores, carnivores, predators and/or prey.
	Food chain, producers, consumers, herbivores, carnivores, omnivores, predators, prey
	Learners draw diagrams of food chains labelling producers, consumers, herbivores, carnivores, omnivores, predators and prey.
	Learners may think that the arrow in a food chain means ‘eats’ and therefore they may draw their arrows pointing in the wrong direction (e.g. the arrows point from the fox towards the rabbit and from the rabbit to the grass). To address this misconception reinforce that the arrow shows how energy is transferred from one living thing (the consumed) to another (the consumer). It may also help learners to see pictures of the living things, as well as their names, in a food chain. 

Learners may think that the last animal in a food chain eats all of the preceding animals/plants (e.g. the fox eats rabbits and grass). Address this misconception by emphasising that each arrow in a food chain represents a single feeding relationship. Learners can also be shown a plant or animal which has arrows to two different living things, to show it is eaten by both.   

	4Bp.01 Know that medicines can be used to treat some illnesses, and describe how to use them safely.
	Medicine, illness, safely
	Learners could draw simple ‘cartoon strips’ showing how a medicine (e.g. paracetamol) works in the body.
	Learners may think that medicines are bad for them because they are sometimes referred to as ‘drugs’; this word can have a negative meaning. Address this misconception by explaining to learners that there are illegal drugs and legal drugs. Medicines are often legal drugs.  

	4Bp.04 Describe the importance of movement in maintaining human health.
	Health, movement
	Learners could produce posters showing the importance of exercise and the positive effects it has on the human body. 
	Learners may think that they do not need to be active, especially if they are eating healthily. To address this misconception, be sure to make it clear to learners that both a good, balanced diet and regular movement are vital for keeping our bodies healthy.
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Learning objective
	Thinking and Working Scientifically opportunities
	Suggested teaching activities and resources

	4Be.01 Know that different animals are found in, and suited to, different habitats.
	4TWSc.08 Collect and record observations and/or measurements in tables and diagrams.
4TSWa.04 Present and interpret results using tables, bar charts and dot plots.
4TWSa.02 Describe simple patterns in results.
	Investigating habitats

Explain the term ‘habitat’ and give learners some examples (e.g. a woodland, a desert). Explain that different animals are found in different habitats. The animals that are found in a habitat are suited to live there. Show learners a picture of a camel and discuss the habitat (i.e. desert) that it lives in.
What is the habitat a camel lives in like?
What features does a camel have that help it to live in that habitat? 

Discuss with learners and collectively describe some of the ways a camel is suited to living there (e.g. wide feet so they can walk on sand more easily; long eyelashes to protect their eyes from sand and sunlight; a colour that helps them to blend in with their surroundings).

Show learners a list of habitats (e.g. desert, meadow, woodland, grassland, forest, seashore, ocean). Ask them to choose two habitats and to research answers to the following questions: 
What is the habitat like?
What animals live in the habitat? 
How are they suited to the habitat? 
How are the animals in one habitat different to those in another? 
Learners use secondary information sources to carry out research and present their findings to the class. 

Explain the term ‘microhabitat’ to learners. Take them outside to the school grounds (or local area) so that they can explore and identify different microhabitats (e.g. under a log/rock, the branch/canopy of a tree). Provide them with identification guides and empty plastic containers; if available, magnifying glasses or hand lenses, and digital cameras can also be used. Explain that they are going to survey different microhabitats. They describe what the microhabitat is like and what they find there in a table. 
What is the habitat like?
What animals live in the habitat? 
How are they suited to the habitat? 
How are the animals in one habitat different to those in another? 

Ask learners to identify potential hazards and how they can be avoided (e.g. not trying to turn over large logs or rocks). Model how to use Identification guides. Give learners time to survey different microhabitats and identify/record what they find in a table. Learners then present their findings in bar charts and identify simple patterns e.g. woodlice are always found in dark, damp places. Make sure all learners wash their hands after handling animals and that they understand why this is important.

Resources: Secondary information sources, containers, identification guides 

	4Be.02 Know plants and animals can survive in environments other than their habitats.
	4TWSc.01 Use observations and tests to sort, group and classify objects.

4TWSc.07 Use secondary information sources to research an answer to a question.

	Investigating where animals and plants can survive

Recap what the terms ‘environment’ and ‘habitat’ mean. Explain that many plants and animals can survive in environments other than their habitats, but may not thrive. (If required define the difference between survive and thrive for learners) Provide an example, such as animals that are kept in non-specialised zoo enclosures or humans living in extreme environments. 

Ask learners:
Are there any plants and animals living around us which are not originally from here? 

Discuss their answers and talk about how we might know a plant or animal is in an environment other that its natural habitat, for example considering how well suited it is to the environment. Show learners an image of a camel which is in a desert environment, a grassland environment, a forest environment. 
Can the camel survive in those environments? 
Which environment is its natural habitat? 
Which environment is it suited to the most? How do we know?

Support learners in identifying features of the camel which indicate it originally comes from the desert but that is able to survive in other environments, which is why they can be seen all over the world in zoos or parks. 

Provide learners with two sets of cards; animal and plant cards which show images of a plant or animal per card, environment cards which show an environment (e.g. a desert, a forest, a river) 
What environments can each plant and animal survive in? 

Learners then match the cards first showing what each plant and animals natural habitat is and then to show the range of environments each plant or animal can survive in. Learners can use secondary information sources to support the grouping activity. 

Resources: Plant and animal cards, environment cards, secondary information sources

	4Bp.02 Know that plants and animals can have infectious diseases, and vaccinations can prevent some infectious diseases of animals.
	4TWSc.02 Use keys to identify objects, materials and living things.

4TWSp.02 Know that there are five main types of scientific enquiry (research, fair testing, observing over time, identifying and classifying, and pattern seeking).

4TWSc.07 Use secondary information sources to research an answer to a question.
	Investigating plant and animal health

Discuss what the term ‘infectious disease’ means. 
Can you think of any infectious diseases?
How are infectious diseases spread? 

Listen to learners’ suggestions and address any misconceptions. Explain that plants, as well as animals, can have infectious diseases. If a plant has an infectious disease its leaves are often discoloured or covered in spots. Show learners pictures of plants suffering from common infectious diseases such as blight, bacterial wilt, and snow mould 

Ask: 
How healthy are the plants growing in the school grounds/local area?

Take learners outside to the school grounds/local area and ask them to examine the plants for signs of diseases. If they find evidence of an infectious disease, ask them to collect a sample (e.g. one of the infected leaves) into a plastic container. Back in the classroom, give learners pictures of different infectious plant diseases and ask them to identify what is wrong with them. If no plants are found to have a disease provide learners with a collection of images showing healthy and diseased plants and have them sort the images into ‘healthy’ or ‘diseased’ 

Remind learners that there are five main types of scientific enquiry and briefly outline what they are. Explain what secondary sources of information are and how to use them. Tell learners that they’re going to carrying out a ‘research’ enquiry to answer the question:  
What common infectious diseases affect animals?

Learners use secondary sources of information to find out about infectious diseases that affect animals. They should not be allowed to research freely on the internet to ensure that they do not come across distressing images of animals that have infectious diseases. Learners can use specific texts that have been vetted in advance and/or interview knowledgeable experts (e.g. farmers, vets, doctors). 

Explain to learners that animals, including humans, can be protected from some infectious diseases by vaccinations. Learners research the answers to: 
What are vaccinations? How do they work? 

Learners use secondary sources of information to find out about vaccinations. They should not be allowed to research freely on the internet to ensure that they do not come across distressing images of humans suffering from infectious diseases (e.g. smallpox). Learners can use specific texts that have been vetted in advance and/or interview knowledgeable experts (e.g. vets, doctors).

Show a diagram to learners showing the process of vaccination and how a vaccine can help build up immunity to a disease. Ask learners to describe the process in their own words. 

Resources: Pictures of diseased plants, plastic container, vetted texts about diseases and vaccinations 

	4Bp.03 Know that plants and animals need energy to grow, live and be healthy, and plants get their energy from light while animals get their energy from eating plants or other animals.
	4TWSa.03 Make a conclusion from results and relate it to the scientific question being investigated.

4TWSc.04 Describe how repeated measurements and/or observations can give more reliable data.

4TWSc.05 Take measurements in standard units, describing the advantage of standard units over non-standard units.
	Investigating where plants get their energy from

Explain to learners that all living things need energy.
Why is energy required?

Discuss with learners that all action and movement, including growth, requires energy. Inform learners they will carry out some investigations to find out where plants and animals get their energy from and what they need it for. 

Note: The plant investigations requires several weeks each so ensure this is accounted for in your planning. 

Remind learners that there are five main types of scientific enquiry and briefly outline them. Explain to learners that they’re going to carry out an ‘observing over time’ enquiry into plant growth. Put learners into groups and give each group two plants of the same type. Ask them to cover one of the plants with black paper (or an opaque bag) and then place both plants on a sunny windowsill. They give each plant the same amount of water at the same time over two weeks. After two weeks, uncover the plant that was covered with black paper or an opaque bag and compare the two plants. 
Which plant looks healthier? (Answer: It should be the uncovered plant) 
Why is the one that was uncovered healthier? 
Where do you think a plant gets its energy from? 

Discuss learners’ ideas. Explain that plants get energy from light which they need to stay healthy. Give each group two fast growing seedlings of the same type (e.g. tomato, bean, pea). Cover one with black paper (or an opaque bag). They give each plant the same amount of water at the same time during the investigation. Every week, for as long as possible, learners measure the growth of each plant using standard units (e.g. mm, cm). Discuss the advantages of using standard units (e.g. mm, cm) over non-standard measurement units (e.g. finger widths) for measuring plant growth. Explain that taking measurements with standard units is better because they are more reliable and universally recognised. If you used finger widths to measure plant growth then different learners have different finger widths and it wouldn’t be clear, when interpreting the data, what a finger width meant.
Over the investigation ask learners: 
Which plant is growing the most?
What do you think plants need energy for?

Discuss learners’ ideas. Explain that plants need energy to grow; without light energy a plant’s growth is reduced.

Resources: Plants, tape measures, black paper/opaque bag


	
	4TWSp.03 Make a prediction describing some possible outcomes of an enquiry.

4TWSa.01 Identify whether results support, or do not support, a prediction.


	Investigating where animals get their energy from

Before this lesson, collect different types of food packaging. The packaging must have information about the energy that the food contains; this will be recorded in either Kcals (Kilocalories) or KJs (Kilojoules). 

Show an image of a range of animals
Where do animals get their energy from? 

Explain to learners that animals get energy from eating plants or other animals. When we eat and drink, we consume stores of energy. Our bodies turn energy into other forms including movement (e.g. breathing, running)

Show learners the packaging of different foods. Ask them to predict which foods will be ‘high-energy’ or ‘low-energy’ and why they think this. Learners place their predictions in a table in their predicted order of energy. 

Give learners packaging from different types of food including the information about the amount of energy that the item of food (or drink) contains. This is shown in either Kcals (i.e. Kilocalories) or KJs (i.e. Kilojoules). Model how to find the energy information on the packaging and how to interpret it: 
Which foods are high in energy? 
Which foods are low in energy?   
Learners rank the foods in order of their energy content and compare against their predictions to see if they were right or not. 

Ask learners: 
What is our food made of? 
What food do other animals eat? 

Provide learners with a pack of plant and animal cards, each card showing a different plant or animal ideally that recognisable to the learners and where the plants and animals have feeding relationships. For each card learners match it with a source of food. For example, for a cow it would be matched with grass. For an owl it would be matched with a mouse. For a lion it would be matched with a gazelle. Learners can use secondary information sources to support their matching if required. 

Show learners a food chain and explain that a food chain does not just show feeding relationships it shows how energy is transferred. Highlight how all animals, including humans, get their energy from eating plants or other animals. 

Resources: Food packaging, plant and animal cards

	4Be.03 Describe food chains as being made of producers and consumers, and classify consumers as herbivores, omnivores, carnivores, predators and/or prey.
	4TWSc.02 Use keys to identify objects, materials and living things.
4TWSm.03 Draw a diagram to represent a real world situation and/or scientific idea.
	Investigating food chains 

Give pairs of learners’ pictures of a wide variety of animals, including a picture of a human; ensure that there are herbivores, carnivores and omnivores. 
Which animals eat only plants?
Which animals eat only meat?
Which animals eat both plants and meat? 

Ask them to sort the animals into three groups: ‘eats plants’; ‘eats meat’ and ‘eats both plants and meat’. Once learners have sorted the pictures, discuss their choices and address any misconceptions. Learners could be supported with information books and/or keys about animals. Introduce the terms ‘herbivore’, ‘carnivore’ and ‘omnivore’ defining each one. Reinforce learners understanding by displaying pictures of more animals and asking them to say whether each animal is a herbivore, a carnivore or an omnivore.

Display a food chain which shows the Sun, grass, a grasshopper, a frog, a python and an eagle. Explain that food chains show feeding relationships and how energy is transferred from one living thing to another. They show what is eaten by what: each arrow means ‘is eaten by’ and shows the direction in which the energy is transferred. In this food chain, grass is eaten by a grasshopper, the grasshopper is eaten by a frog, the frog is eaten by a python, the python is eaten by an eagle. At each stage energy is transferred from the living thing that is being eaten to the thing that is eating it. Explain that food chains always start with the Sun because it is the source of all energy on Earth. Sunlight is not eaten by plants but the energy in sunlight is required for a plant to make food. 

Introduce the terms ‘producer’ and ‘consumer’ and define them. Plants are producers because they make their own food. Animals are consumers because they do not make their own food; they eat plants and/or other animals. 

Introduce the terms ‘predator’ and ‘prey’. Explain that predators are animals that eat other animals. Prey are animals that get eaten by predators. Sometimes, a predator can also be prey. The terms predator and prey are usually only applied to animals. Look at the food chain again.
What is the producer?
What animal is a predator?
What animal is prey?

Identify the terms that apply to each living thing:
· the grass is the producer
· the grasshopper is a consumer, a herbivore and prey
· the frog is a consumer, carnivore, predator and prey
· the python is a consumer, carnivore, predator and prey
· the eagle is a consumer, carnivore and predator.

Display a new food chain (e.g. the Sun, a bush, a goat, a jackal and a lion). Ask learners to identify the producer, consumers, predator(s), prey, herbivores and carnivores. Discuss learners’ choices and address any misconceptions. 

Display another food chain that includes an omnivore (e.g. the Sun, a plant with berries, a slug, a crow, a fox). Ask learners to identify the producer, consumers, predator(s), prey, herbivores, carnivores and omnivores. Discuss learners’ choices and ensure that they identified the crow as the omnivore because it will eat berries from a plant as well as the slug. 

Provide pairs of learners with an environment (e.g. desert) Learners use secondary sources of information to identify a food chain for their environment which they draw; they add labels to show the producer, consumer, herbivore, omnivore, carnivore, predator and prey. Model how to research different animals and find out what they eat (i.e. their diet). 
  
Resources: Pictures of animals, secondary information sources, 

	4Bp.01 Know that medicines can be used to treat some illnesses, and describe how to use them safely.
	4TWSp.02 Know that there are five main types of scientific enquiry (research, fair testing, observing over time, identifying and classifying, and pattern seeking).

4TWSp.01 Ask scientific questions that can be investigated.
	Investigating medicines

Explain to learners that they are going to learn about medicines. 
What are medicines?
What do medicines do?
Learners discuss their ideas with a partner/group. They then share their thoughts through a whole class discussion. Explain that medicines are used to treat illnesses. 
What medicines have you heard of?
Have you taken any medicines in your life? What for?

Ask learners to list medicines that are familiar with. Discuss what some of these medicines do; be sensitive to illnesses that learners may have experienced.
 
Remind learners that there are five main types of scientific enquiry; briefly outline what they are. Explain to learners that they are going to carry out a ‘research’ enquiry using secondary sources of information. When we are not able to find out the answer to a question ourselves, we can use secondary sources of information.
How can you use medicines safely? 

Learners use secondary sources of information, checked in advance and vetted to ensure learners do not come across inappropriate material, to research how to use medicines safely. They present their findings as an information poster or a short play. Address any misconceptions that learners may have regarding the safe use of medicines. 

Discus with learners how there are some illnesses which cannot be treated with medicines, especially new illnesses. Research and scientific testing is needed to develop new medicines to treat such illnesses. 

Resources: Vetted specific texts and/or information books  

	4Bp.04 Describe the importance of movement in maintaining human health.
	4TWSp.03 Make a prediction describing some possible outcomes of an enquiry.
4TWSc.04 Describe how repeated measurements and/or observations can give more reliable data.
4TWSa.01 Identify whether results support, or do not support, a prediction.
	Investigating the importance of movement in maintaining human health 

Ask learners:
How can we stay healthy?

Learners discuss in pairs/groups. They then share their ideas allowing you to create a class list of the learners’ ideas and suggestions. If necessary, elicit that ‘being active’ and ‘moving our bodies regularly’ are really important way of maintaining our health.
What happens to our body when we move? 

Listen to learners’ ideas. Explain that we are going to carry out an investigation into the effect of movement on our bodies. Explain to learners that they will run on the spot (or do star jumps) for a minute. Ask:
What effect do you think movement will have on your body? 
Discuss with learners how to make an effective prediction based on their own knowledge and experience. Learners predict what effect they think exercise will have on their body. 

Learners work in pairs. One learner times a minute (using a stopwatch) while their partner runs on the spot. Once the minute is over, the learners discuss what is different about their body consider what they now feel or if it is behaving different. On an outline of a human body the learners annotate how their body is different. The learners then swap over. Ask learners to repeat this process three times. Ensure that learners take a break between each period of exercise and drink plenty of water.
Why should you repeat the activity and record observations three times? 

Explain that taking repeated measurements will make their observations more reliable. Once learners have completed their enquiries ask:
What effect did the movement have on your body? Do your results support or not support your prediction? 

Discuss with learners the effect of movement on their bodies. Elicit that movement; makes muscles work, require more energy than when they are resting, causes an increase in breathing as they need more oxygen, causes sweating as their body becomes warmer (some energy being transferred from the store to movement is lost as heat) so they sweat to cool down, causes their hearts to beat faster. Learners may struggle to appreciate this is healthy so spend time discussing why it is beneficial to move easily and quickly. Discuss with learners that the healthier they are the more movement they can do easily, and they need to move in order to be healthy.  

Resources: Stopwatches 
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	Unit 4.6 Electricity

	Outline of unit:

	This unit begins by exploring the need for connectivity within a circuit; for an electrical device to work it must be connected to the power supply without any breaks so the electricity can flow around the circuit. This knowledge is then used to understand that switches are devices that deliberately cause a break in circuit to turn an electrical device off. 

Learners then explore what effect changing the number or type of components in a simple circuit has on the brightness of a lamp. The unit concludes by investigating materials which allow electricity to easily flow through them (i.e. conductors) and those that inhibit electricity (i.e. insulators). 

It is expected that learners investigate electricity in a practical, hands-on way by making (and using) their own simple circuits during their enquiries. It is vital that children are reminded about the potential dangers of electricity and how to stay safe during practical work throughout the unit.


	Recommended prior knowledge or previous learning required for the unit:

	Learners will benefit from previous experience of:
· identifying things that require electricity to work.
· identifying how we use electricity and learning how to be safe with it.
· using the components of simple circuits (limited to cells, wires and lamps).
· constructing simple series circuits (limited to cells, wires and lamps).

	Suggested examples for teaching Science in Context:

	4SIC.02 Describe how science is used in their local area.
Learners could explore how the electricity they use in their homes (and school) is generated and transported to them. They could learn about the local power infrastructure and the people who keep it working. If there are solar panels and/or wind turbines in the local area, learners could investigate renewable sources of energy and learn how electricity can be generated in different ways. It may be possible for learners to visit a power station or invite in someone who works in power generation to discuss with learners how electricity is generated and used. 

4SIC.05 Discuss how the use of science and technology can have positive and negative environmental effects on their local area.
Learners could investigate the effect that the generation and use of electricity has on their local area. This includes positive effects and negative effects and may also reference the wider environmental impact of energy generation such as the materials required for power generation facilities and where those materials are sourced.



	
Learning objective
	Key vocabulary
	Possible Models and representations
	Possible Misconceptions

	4Pe.01 Know that an electrical device will not work if there is a break in the circuit.
	Electricity, electrical appliance/device, electrical circuit, complete circuit,  connect/connections, break, circuit, cell, wire, lamp 
	Learners could draw a picture of a circuit containing two wires, a cell and a lamp. Stage 4 learners do not need to use the conventional circuit symbols; this is covered in Stage 6 of the syllabus. The components are connected so the lamp is shown as ‘on’. Learners then draw another simple circuit diagram but this time there is a break in the circuit, so the lamp is shown as ‘off’. Learners add a label that explains why the lamp is not lit in the second circuit diagram. 

Learners stand in a circle and hold hands to represent a circuit. Select one learner to be the ‘cell’ and another to be the ‘lamp’. The ‘cell’ starts by squeezing the hand of the person on their left. The ‘squeeze’ is passed around the circle; this represents the electricity flowing around the circuit. When the ‘electricity’ reaches the ‘lamp’, the learners representing the lamp shout ‘on’. Repeat, but this time two learners stop holding hands. When the ‘electricity’ reaches this part of the circle it stops because the break means it can go no further. This model has a significant limitation. Electricity flows continuously round a circuit, not in pulses. The lamp is ‘on’ at all times. It’s important to discuss this limitation with learners. 
	Learners may think that electricity comes from a plug without realising that it has come from a power generation source and been transported to the plug through a series of cables. Address this misconception by showing learners a picture of a power grid that shows a power station with cables flowing out to cities and then houses. Also discuss the purpose of pylons and cables in the local area.  

	4Pe.02 Describe how a simple switch is used to open and close a circuit.
	Switch, circuit, open, closed
	Learners draw a simple circuit containing a switch, cell, two wires and a lamp; the switch begins in the open position (i.e. ‘off’). They label that the lamp is off and explain why. 

Learners draw a simple circuit, as above, but this time the switch is in the closed position (i.e. ‘on’). They label that the lamp is on and explain why. 
	Learners may think that switches contain electricity and that when they are in the ‘on’ position electricity flows from them into the circuit as opposed to through them. Address this misconception by asking learners to make a circuit that contains only a switch and a lamp.  

Learners familiar with remote, wireless switches may believe that mechanical switches send a message to a power source rather than controlling the current locally. This misconception can be addressed by demonstrating mechanical switches and how they have no interaction with the power source but complete a circuit. 

	4Pe.03 Describe how changing the number or type of components in a series circuit can make a lamp brighter or dimmer.
	Electrical circuit, complete circuit, series circuit, component, cell, lamp, switch, motor, buzzer, bright/brighter, dim/dimmer

	Learners could draw a series of simple circuit diagrams:
Diagram 1 contains two wires, one cell and one lamp. The lamp is shown as on.
Diagram 2 contains two cells and the lamp is shown as being brighter.
Diagram 3 contains three cells and the lamp is shown as brighter still. 

Learners could draw a series of simple circuit diagrams:
Diagram one contains two wires, one cell and one lamp. The lamp is shown as on.
Diagram two contains one cell and two lamps both of which are shown as being dimmer.
Diagram three contains one cell and three lamps all of which are shown as being even dimmer. 
	Learners may think that the larger the battery the more powerful it is. This is not always the case. Address this misconception by giving learners the opportunity to examine different-sized batteries and identify their number of volts. 

Learners may think that adding a motor to a circuit will make the lamp brighter; they may think the motion of the motor generates additional power. Address this misconception by giving learners the opportunity to investigate what happens when a motor is added to a simple circuit that contains a lamp. 

Learners may think that adding more lamps to a circuit will make all of the lamps brighter. Address this misconception by demonstrating what happens when more lamps are added to a circuit. 

	4Pe.04 Know some materials are good electrical conductors, especially metals, and some are good electrical insulators. 
	Material, electrical conductor, electrical insulator, metal, non-metal
	Learners could draw a simple circuit diagram. They could use the letter ‘e’ to represent electricity. When the circuit is made from an electrical conductor (e.g. metal wire) the letter ‘e’ is written all the way around the circuit and the lamp is shown as on, signifying that the electricity is flowing. When the circuit contains an electrical insulator (e.g. wood) the letter ‘e’ is not written and the lamp is shown as being off.

An open and closed door could be used to represent electrical conductors and insulators. When the door is open it represents a conductor; allowing the electricity to flow through. When the door is closed it represents an insulator; preventing the electricity from flowing through.  
	Learners may think that all non-metals are electrical insulators. Address this misconception by demonstrating that graphite conducts electricity. Learners could also investigate the conductivity of salt dough and salty water; ensure that learners are warned about the risks of mixing water and electricity. 

Learners may think that the plastic coating on wires conducts electricity. Address this misconception by placing different plastics into a circuit and seeing if the lamp lights up. Also discuss with learners what would happen if you directly touched something that had electricity flowing through it. Explain that you would receive an electric shock. Plastic is an electrical insulator, so it is used to cover the wire to protect us from the electricity. 
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Learning objective
	Thinking and Working Scientifically opportunities
	Suggested teaching activities and resources

	4Pe.01 Know that an electrical device will not work if there is a break in the circuit.
	4TWSp.05 Identify risks and explain how to stay safe during practical work.
4TWSc.03 Choose equipment from a provided selection and use it appropriately.
	Investigating simple circuits 

Ask learners to list of all the things that use electricity that they can think of. Learners share their list and create a class master list. Identify any electrical devices in the classroom and discuss where they get electricity from. If needed add these to the list. Remind learners that most electrical devices are powered by batteries or ‘mains’ electricity (i.e. from a plug in the wall). 

Ask learners:
What are the potential dangers of electricity?
Discuss with learners the ways in which electricity can be dangerous. Explain that learners must:
· never stick anything into plugs or touch bare wires
· never take apart electrical devices or use anything that is powered by electricity near water
· not play on (or near) electricity pylons or substations
· never try to cut open batteries because they contain harmful, corrosive chemicals.    

Put learners into groups. Give each group 4 wires, a lamp, a cell, a motor, component labels and component description cards. Explain that the different parts of a circuit are called components. Ask learners to match the labels and the descriptions to the components. Discuss their choices and address any misconceptions. Explain that learners are going to investigate simple circuits and electricity. 

Ask learners:
What risks are there when investigating electricity?
How can we investigate electricity safely? 
Learners discuss their ideas with a partner or in a group. They then share their thoughts through a whole class discussion. Ensure that learners know that: components may become hot if used for too long; they and cells may cause a short circuit if incorrectly stored. Reassure learners that their investigations will only use very small amounts of electricity so they are safe. They must never investigate electricity using larger amounts, for example from a plug; this would be very dangerous.

Set the groups the challenge of using the components to make the lamp light up. If needed, provide ‘suggestion cards’ to support groups that are struggling. Once every group has made the lamp light up, explain that they have made a simple circuit. 
What did you notice when you were making your simple circuits? 

Listen to learners’ observations.
What happened if one of the wires wasn’t touching one of the other components?

The learners change their circuit so there is now a break.
What do you notice?

Elicit that the lamp will not light up when one of the wires is not touching one of the other components. Explain that the electricity cannot flow around the circuit and through the lamp when there is a break in the circuit (i.e. when one of the components is not connected to all of the others) so the lamp will not work. Allow learners time to explore the effect of creating breaks in their circuits. If possible, learners can also replace the lamp with other components (e.g. a motor or buzzer) and see if the effect is the same when they create a break.

Learners draw two versions of their simple circuits and add labels to show whether the lamp is on or off. The first diagram shows all of the components as connected and the lamp is on; the other diagrams shows a break in the circuit and the lamp is off. 

Resources: Component labels, component description cards, suggestion cards, wires, lamps, cells 

	4Pe.02 Describe how a simple switch is used to open and close a circuit.
	4TWSc.06 Carry out practical work safely
4TWSc.03 Choose equipment from a provided selection and use it appropriately.
	Investigating switches 

Recap the potential dangers of electricity and how to investigate it safely. Show learners two circuit diagrams: one in which the components are all connected and one where there is clearly a break in the circuit. 
What do you notice about these simple circuits? 

Listen to learners’ suggestions. If necessary, focus their observations by asking: 
Will the lamp light up in both circuits? 

Listen to learners’ ideas. Explain that an electrical device will only work in a circuit where all the components are connected. If there is a break the electricity cannot flow around the circuit and through the electrical device so it will not work. Place different components to make simple cell circuits (e.g. wires, lamps, cells) at the front of the room. Put learners into groups and ask them to select components to make a simple circuit in which the lamp lights up. Once learners have completed this task, walk over to the light switch and switch it on (or off). Ask:
What does a switch do? 
Listen to learners’ ideas. Show learners the circuit symbol for a switch in the open position and in the closed position; ask them to look at them carefully. Ask:
How do you think a switch works?
How does it switch an electrical device on or off? 

Listen to learners’ suggestions. Elicit that a switch works by deliberately breaking the circuit. Show learners two simple circuit diagrams containing three wires, a lamp, a switch and a cell; in one diagram the switch is in the closed position (i.e. ‘on’) and in the other it is in the open position (i.e. ‘off’).
In which circuit will the lamp light up?
In which circuit will the lamp not light up?
In which circuit is the switch in the on position?
In which circuit is the switch in the off position?

Learners discuss their ideas with a partner. As a whole class identify the circuit that has the switch in the ‘closed’ position (i.e. where there is no break) as being the one where the lamp will light up. The switch here is ‘on’. 

Give individual learners a piece of card, two split pins and a paper clip. Model how to use these resources to make a simple switch. Model connecting the switch to a simple circuit and using it to switch a lamp on and off. In groups, learners make their own simple circuits and take it in turns to connect them to their switches and use them to switch the light on or off. 

Learners then draw two drawings, one showing the simple circuit with the switch in the ‘closed’, on position (with the lamp on) and the other with the switch in the ‘open’, off position (with the lamp off). They label their drawings, explaining how the switch works and whether it is on or off.

If resources are limited, construct a simple circuit containing a switch and demonstrate to learners how it works. Alternatively, show learners a video of a switch working in a simple circuit. Learners could then produce drawings showing circuits with switches in the open and closed positions; they show whether the lamp is lit/unlit depending on the position of the switch.  

Resources: Wires, lamps, cells, resources to making simple switches 

	4Pe.03 Describe how changing the number or type of components in a series circuit can make a lamp brighter or dimmer.
	4TWSp.04 Identify variables that need to be taken into account when doing a fair test.
4TWSa.02 Describe simple patterns in results.
4TWSa.03 Make a conclusion from results and relate it to the scientific question being investigated.
	Investigating what affects the brightness of a lamp 

Recap the potential dangers of electricity and how to investigate it safely. Put learners into groups, ask them to construct a simple circuit from two wires, a cell and a lamp. Support groups where necessary. Explain to learners that they will carry out a ‘fair test’. In a fair test, one thing (called the independent variable) is changed to see what effect this has. Everything else is kept the same; these are called the ‘control variables’. The thing you are measuring to see what effect, if any, there is, is called the ‘dependent variable’. Ask:
How could we make the lamp brighter or dimmer? 

Elicit that we could change the number or type of components to see what effect this has on the brightness of the lamp (e.g. increase the number of cells).
What component would you like to change? 

Learners discuss in their groups whether they would like to increase the number of one of the components (e.g. cells, lamps, wires) or add additional components (e.g. a motor or buzzer). Once each group has decided, ask:
What are you changing? 
Listen to each group’s choice. Ensure learners know this is the independent variable. Provide learners with the additional components. 
What are you measuring? 

Elicit the brightness of the lamp. If light meters are available, learners could take a light reading before and after making the change. If not, they could observe and record whether the lamp is getting brighter or dimmer. Ensure learners know this is the dependent variable. 

What are you going to keep the same? 
Ask each group to identify what they are going to keep the same when carrying out their investigation. Support learners where necessary. Ensure learners know these are the control variables. 

How will you record your results? 
Model drawing a results table. Learners then draw their own results table.

Learners carry out their investigation. Ask them to look at their results and see if they can identify what has happened to the dependent variable (e.g. more cells = a brighter lamp; more lamps = dimmer). 

Ask learners to write a conclusion that explains how to make a lamp brighter (or dimmer) in a simple circuit based on the observations from across the whole class. 

If resources are limited, construct a simple circuit and add cells (or lamps) while learners observe what happens to the brightness of the lamp. 

Resources: Wires, lamps, motors, buzzers, cells 

	4Pe.04 Know some materials are good electrical conductors, especially metals, and some are good electrical insulators. 
	4TWSc.06 Carry out practical work safely
4TWSp.02 Know that there are five main types of scientific enquiry (research, fair testing, observing over time, identifying and classifying, and pattern seeking).
4TWSa.02 Describe simple patterns in results.
	Investigating electrical conductors and electrical insulators 

Recap the potential dangers of electricity and how to investigate it safely. Introduce the terms ‘electrical conductor’ and ‘electrical insulator’. Explain to learners that electrical conductors let electricity flow through them readily and electrical insulators do not let electricity flow through them readily; we often say that electrical insulators inhibit the flow of electricity.

Put learners into groups. Give each group three wires, a cell, a lamp and a variety of materials, including some electrical conductors (e.g. different types of metal) and some electrical insulators (e.g. plastics, fabric, wood). Remind learners that there are five types of scientific enquiry; briefly discuss what they are. Explain to learners that they are going to carry out an ‘identifying and classifying’ enquiry. Ask:
Which materials are good electrical conductors and which are good electrical insulators?
How could you use the electrical components to find out?

Learners discuss their ideas for their enquiry and share their ideas with the whole class. Elicit that they need to make a simple circuit and then connect two of the wires to each of the different materials; model how to do this. 
How will you know if the material is an electrical conductor or an electrical insulator?

Elicit that the lamp will light up if the material is an electrical conductor because it will let the electricity flow through it and therefore through the circuit. If the lamp does not light up the material is an electrical insulator because it has inhibited the electricity flow through it and therefore electricity is not flowing through the circuit. 

Model drawing a results table. Learners use their results to identify which materials are electrical conductors and which are electrical insulators. Ask learners to identify any simple patterns in their results. Discuss learners’ findings and elicit that metals are good electrical conductors while most non-metals are good electrical insulators. Highlight that some non-metals will also conduct electricity e.g. graphene in a pencil. Demonstrate this to learners using a pencil. 

This activity could be extended by asking learners to think about how electrical conductors and electrical insulators are used in our everyday lives to enable us to use electricity safely. Their discussion could be focussed by asking them:
Why are wires made of metal but covered in plastic? 

If resources are limited, construct a simple circuit and place different materials into it while learners observe whether the lamp lights or not; they decide whether it is an good electrical conductor or good electrical insulator. 

Resources: Wires, cell, lamp, a variety of electrical conductors and electrical insulators
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	CLASS:   

	DATE:  

	Learning objectives
	4Cc.01 Describe solidification/freezing and melting, using the particle models to describe changes of state
4TWSm.03 Draw a diagram to represent a real world situation and/or scientific idea.
4TWSc.08 Collect and record observations and/or measurements in tables and diagrams.
4TWSp.03 Make a prediction describing some possible outcomes of an enquiry.

	Lesson focus / 
success criteria
	I can identify when solidification/freezing and melting takes places
I can use diagrams to describe the change between solid and liquid state 
I can make observations 
I can make a prediction about what I expect to observe 

	Prior knowledge / Previous learning
	Learners need to know about the properties of solids and liquids and how they behave differently. 
Learners need to have prior experience of the particle model to describe a solid and liquid. 


Plan
	Timing
	Planned activities
	Notes

	Introduction
	Start the lesson by showing learners some ice-cream in a bowl. Ask learners if they like ice-cream and what their favourite flavour is. Explain to learners that they are going to learn about solidification/freezing and melting by making ice-cream. To start we will recap solids and liquids. Ask learners:
What are the properties of solids and liquids? 
Can you identify any solids or liquids in the classroom?
How do you know they are a solid/liquid? 

Discuss learners’ ideas and address any misconceptions. Explain to learners that there are five main types of scientific enquiry. Discuss what they are. Explain that, in this lesson, they are going to observe over time how liquid milk changes as it is cooled down and then warmed up.  
	Ice cream
 

	Main activities






































	Put the learners into groups. Give each group a cup containing milk and some other empty containers. Ensure that all containers are clean. Ask:
Is the milk a solid or a liquid?

Before discussing learners’ ideas, encourage them to pour the milk into different containers and observe what happens. Establish that the milk is a liquid. Learners draw a diagram of the milk in the cup and label that it is a liquid and a description of its properties. Ask:
What do you predict will happen to the milk if we cool it down? 

Discuss learners’ predictions. Explain that they are now going to cool the milk down and make it into ice-cream. Ask learners, in their groups, to: 
1. Pour the cup of milk into a small, sealable, clear plastic bag. 
2. Add a tablespoon of sugar to the milk. 
3. Seal the bag. 
4. Half fill a large sealable bag with ice-cubes. Add six tablespoons of salt. 
5. Place the small bag (containing the milk) into the upright, large bag (containing the ice-cubes). 
6. Seal the large bag and shake it hard for 5 minutes. 
7. Carefully remove the small bag, unseal it and empty the contents into an empty bowl. 

The milk/sugar mixture will have turned into ice-cream. Ask:
How has the milk changed? 
Is the ice-cream a solid or a liquid? How do you know? 

Discuss learners’ observations and ideas. Explain that the ice-cream is a solid; it keeps its shape rather than taking on the shape of the bowl. Learners draw a diagram of the ice-cream in the bowl; they label the ice-cream as a solid and its properties. Explain to learners that when a liquid is cooled down it freezes (or solidifies) and becomes a solid. Learners describe what happened to the milk and how it changed as it was cooled down.

Ask:
What do you predict will happen to the ice-cream when it warms up?
Discuss learners’ predictions. Ask them to observe and record what happens as the ice-cream warms up. 

Once the ice-cream has melted ask:
What has happened to the ice-cream? 
How has it changed? 
Is it still a solid? 

Discuss learners’ observations. Explain that when solids warm-up they melt and become a liquid. The ice-cream has melted and is a liquid again. It takes on the shape of the bowl and can be poured. Learners describe the process of melting that they have just observed. 

Relate the process of freezing and melting to the particle model using drama. Take learners to an open space, or create space by moving tables to the side of the classroom. Using cones mark out a ‘bowl’ on the ground. Ask learners to be ‘particles’. To simulate the liquid milk, ask them to stand closely together, randomly, inside the ‘bowl’. They move around each other, staying close together at all times. Then, to represent the ‘particles’ being cooled down as they change from a liquid to a solid, ask learners to line up in regular rows, standing closely together. Once all of the ‘particles’ are lined up explain that the liquid has now solidified/frozen and become a solid. Learners then simulate the process of melting by starting to move closely around each other again randomly. 
 
	Before making ice-cream check that no learners have allergies. If learners are going to be allowed to taste their ice-cream, ensure that all equipment is clean and that they have washed their hands before beginning the activity.

· Cups
· Different-sized containers
· Small, clear, sealable bag
· Large, clear sealable bag
· Milk
· Sugar
· Ice cubes
· Salt
· Tablespoons
· Bowls
*Ensure all resources/equipment are clean.

	End/Close/ Reflection/ Summary

	Recap the processes of freezing and melting. Discuss other examples of freezing and melting (e.g. water freezing in very cold weather; chocolate/butter melting on a hot day). 
	



	Reflection
Use the space below to reflect on your lesson. Answer the most relevant questions for your lesson.

	Were the learning objectives and lesson focus realistic? What did the learners learn today?
What was the learning atmosphere like?
What changes did I make from my plan and why?
If I taught this lesson again, what would I change?
What two things went really well (consider both teaching and learning)?
What two things would have improved the lesson (consider both teaching and learning)?
What have I learned from this lesson about the class or individuals that will inform my next lesson?

	Next steps
What will I teach next, based on learners’ understanding of this lesson?
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	CLASS:   

	DATE:  

	Learning objectives
	4ESs.02 Name the planets in the Solar System
4ESs.03 Know that the Sun is at the centre of the Solar System.
4TWSm.01 Know that models are not fully representative of a real world situation and/or scientific idea.
4TWSm.02 Use models to show relationships, quantities or scale. 
4TWSm.03 Draw a diagram to represent a real world situation and/or scientific idea.

	Lesson focus / 
success criteria
	I can name the planets in the Solar System
I can describe the Solar System, with the Sun in the centre and then planets in orbit around the Sun
I can use a model to describe the Solar System
I can draw a diagram to describe the Solar System

	Prior knowledge / Previous learning
	Learners need to know that the Earth is a planet and that the Sun is one of many stars. 
Learners will benefit from previous experience describing the movement of the Earth around the Sun 


Plan
	Timing
	Planned activities
	Notes

	Introduction
	Start the lesson by explaining that there are eight planets in the Solar System and one star, the Sun. Ask:
What are the names of the planets in the Solar System?

Listen to learners’ suggestions and celebrate what they already now. Give learners pictures of the planets and the Sun; each labelled with their name. Ask them to put the pictures in the correct order. Discuss learners’ choices and address any misconceptions. Display a picture showing the order of the planets and the location of the Sun. Explain that the Sun is at the centre of the Solar System 
	Pictures of the different planets and the Sun

	Main activities



























	Explain to the learners that they are going to create a scale model of the Solar System to show the position of the Sun and the planets using toilet rolls. Take the learners outside to a large open space; have name labels ready to give each learner that represents a planet.

Select a learner to be the Sun; ask them to stand in the middle of the space. Explain that one sheet of toilet paper represents 10,000,000 miles! Start by the ‘Sun’ and unroll 3.6 sheets, a learner stands at this point to represent Mercury. Unroll 3.1 more sheets, a learner stands at this point to represent Venus. Unroll 2.6 more sheets; a learner stands at this point to represent Earth. Continue until you get to Neptune using the following sheets information;
· Earth to Mars unroll 4.8 sheets
· Mars to Jupiter unroll 34.3 sheets
· Jupiter to Saturn unroll 40.3 sheets
· Saturn to Uranus unroll 90 sheets
· Uranus to Neptune unroll 101 sheets
Once all of the ‘planets’ are in position ask them to walk in a circle around the ‘Sun’ to simulate their orbits. Emphasise the location of the Sun at the centre of the Solar System. Discuss the limitations of this model with learners (e.g. the orbits of the planets are not perfectly circular, the distances shown are an approximation)

Return to the classroom and ask learners to draw a diagram showing their understanding of the Solar System, in particular the sequence and names of the planets with a reference to the relative distance between the planets. 
	Resources:
Toilet rolls, a large open space, name labels for the planets and the Sun

	End/Close/ Reflection/ Summary

	Share a mnemonic for remembering the order of the planets (e.g. My very eager mother just served us noodles’). Challenge learners to think of their own. 
	



	Reflection
Use the space below to reflect on your lesson. Answer the most relevant questions for your lesson.

	Were the learning objectives and lesson focus realistic? What did the learners learn today?
What was the learning atmosphere like?
What changes did I make from my plan and why?
If I taught this lesson again, what would I change?
What two things went really well (consider both teaching and learning)?
What two things would have improved the lesson (consider both teaching and learning)?
What have I learned from this lesson about the class or individuals that will inform my next lesson?

	Next steps
What will I teach next, based on learners’ understanding of this lesson?
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