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This program of learning refers to other resources designed to support the delivery of the Forces focus area. This includes Teacher resource book 1 (TRB1), Teacher resource book 2 (TRB2) and the Forces slide deck (FOR PPT).


[bookmark: _Toc172273348][bookmark: _Toc191286241]Rationale
[bookmark: _Toc112681289]This sample program of learning has been developed by the NSW Department of Education. NSW Education Standards Authority (NESA) defines programming as ‘the process of selecting and sequencing learning experiences which enable students to engage with syllabus outcomes and develop subject-specific skills and knowledge’ (NESA 2022).
This program has been developed to assist teachers in NSW Department of Education schools in creating learning experiences contextualised to their classroom. The program has suggested timeframes that may need to be adjusted by the teacher to align with the school calendar and meet the needs of their students. The program may provide links to webpages not part of the department’s website. These links are provided as a source of information or activities that may be suitable for delivering the course content. These sites are managed by organisations, companies or individuals outside of our control, and the department is not responsible for the information or subsequent links on these webpages.
[bookmark: _Toc172273349][bookmark: _Toc191286242]Overview
In this program of learning, students explore the effects of direct and indirect forces in everyday contexts. They create and analyse force diagrams and use the concept of force to explain the motion of objects in orbit. Students then apply their understanding to explore the action of forces by investigating simple machines used in familiar contexts.
Students will use problem-solving strategies to propose solutions to problems related to forces. They will ask questions and make predictions about the phenomena they observe. Additionally, they will process and present data collected on forces and identify the relationships evident in this data.
For the depth study linked to this unit, students will deepen their understanding of forces by investigating how humans have used simple machines to construct large-scale structures and how knowledge of simple machines is still widely applied today. This depth study may be used as a summative assessment task.
Prior learning
The following content is foundational for learning about the concepts in the Forces focus area:
Stage 1 – Forces can change the way objects move – Science and Technology K–6 Syllabus (2024)
Recognise that a force is a push or a pull that can make things either start moving, stop moving, change speed, direction or shape
Pose questions and test the effects of forces on an object's movement
Investigate how applied forces change the movement of traditional toys and tools used by Aboriginal and/or Torres Strait Islander Peoples
Test how frictional forces affect moving objects
Test how the force of magnetism affects objects
Stage 2 – Forces shape Earth’s surface – Science and Technology K–6 Syllabus (2024)
Explain how the forces produced by wind, water and living things weather rocks
Describe and model how forces produced by moving water cause erosion
Future learning
After completing the Forces focus area, students will be able to apply their learning to the following content:
understand how forces can be used to generate electricity in different applications, for example, wind turbine (Stage 5 Energy)
understand the application of forces in Newton’s Laws (Stage 5 Waves and Motion)
apply the use of magnetism to separate mixtures (recycling) (Stage 4 Separation of mixtures)
understand how forces cause geological change (Stage 4 Change).
Students should be able to apply the following skills in future learning to:
make scientific predictions
organise data
identify patterns and relationships
identify problems and propose solutions.
Transfer of learning
Students will be able to use their learning developed in this focus area to:
apply the concept of balanced and unbalanced forces to analyse everyday movements, such as stopping distances in road safety scenarios
identify questions and make predictions on the effect of direct and indirect forces on objects in everyday contexts
use forces through simple machines to provide a mechanical advantage and to problem-solve in everyday situations.
Table 1 – overview of the Forces program of learning
	Feature
	Details

	Outcomes
	A student:
describes the effects of forces in everyday contexts SC4-FOR-01 (Forces)
identifies questions and makes predictions to guide scientific investigations SC4-WS-02 (Questioning and predicting)
uses a variety of ways to process and represent data SC4-WS-05 (Processing data and information)
uses data to identify trends, patterns and relationships and draw conclusions SC4-WS-06 (Analysing data and information)
identifies problem-solving strategies and proposes solutions SC4-WS-07 (Problem-solving)
Science 7–10 Syllabus © NSW Education Standards Authority (NESA) for and on behalf of the Crown in right of the State of New South Wales, 2023.

	Assessment
	Depth study – Ancient and modern simple machines (Assessment task – Forces).

	Duration
	10 weeks

	Special materials and equipment
	Forces in action: modelling clay, tennis balls, wood blocks (with hook), wind-up toy cars.
Magnets: variety of magnets (bar, u-shaped, horseshoe), large metal nails, enamelled copper wire.
Simple machines: a selection of hand tools, door wedges, levers (scissors, stapler, tweezers), ramp (wood), screws, wheels, pulleys (single, fixed and bench), pet ball thrower, ramp (wood), syringes of various volumes.


[bookmark: _Toc175135051][bookmark: _Toc191286243][bookmark: _Toc172273350]Risk management: teachers are advised to undertake a risk assessment before conducting any classroom investigation or experiment. For more information on developing risk assessments, see Risk Assessment – a pre-requisite for risk control.
Navigating the resources
This document provides information for teachers to navigate the teacher resource books and the supporting PowerPoint for Forces. All content in these resources is aligned with the topics in the sample program. For example, the topic '1.1 The force around us’ in the Forces program is aligned with '1.1 The force around us’ activities in Teacher resource book 1 and supporting PowerPoint documents.
Should the activities in the program contain additional information, such as practical investigation instructions, student worksheets and more, you will find it in the corresponding teacher resource book (TRB1 and TRB2). The supporting PowerPoint slide deck (FOR PPT) contains student-facing information, such as learning intentions and success criteria and checks for understanding, for each topic in the program.
Table 2 – resource coding for cross-referencing between the program and supplementary resources
	Coding in this resource
	Document that it is referring to

	TRB1
	Teacher resource book 1 – Forces

	TRB2
	Teacher resource book 2 – Forces

	FOR PPT
	Slide deck – Forces


Checkpoints (Everybody – Mini-challenge – Super-challenge)
A checkpoint has been included at the beginning of each lesson sequence for the Forces, which provides questions labelled as ‘Everybody’ or ‘E’, ‘Mini-challenge’ or ‘MC’, and ‘Super-challenge’ or ‘SC’. These checkpoints revise learning from the previous lesson and can be used as a ‘do now’ activity at the beginning of a new lesson. Revising content from the previous lesson helps solidify students’ understanding of concepts.

[bookmark: _Toc191286244]Lesson sequence
[bookmark: _Toc172273351][bookmark: _Toc191286245]1 How do forces influence the motion of objects?
Table 3 – content and teaching and learning activities for lesson sequence 1
	Outcomes and content
	Teaching and learning activities
	Registration and evaluation notes

	Forces in action
Explain forces as either direct (contact) or indirect (non-contact)
Processing data and information
Use a range of representations to organise data, including graphs, keys, models, diagrams, tables and spreadsheets 
	[bookmark: _Toc172273352][bookmark: _Toc191286246]1.1 The forces around us
What are forces? (TRB1 and FOR PPT)
Review students’ understanding of a force is and what forces do. 
Students undertake various activities to determine how the application of forces changes objects' movement or shape.
Use examples to identify that forces can be:
direct – requiring physical contact between objects
indirect – not requiring physical contact. The force is applied through a field.
The size and direction of forces (TRB1 and FOR PPT)
Use videos to outline that forces range in magnitude from very large or strong (for example, space rocket take-off) to very small or weak (an ant moving a seed). The links to suitable videos have been provided in TRB1.
Students identify the forces involved in various everyday activities and classify them as direct or indirect.
Demonstrate using arrows to represent the size (magnitude) and direction of forces (FOR PPT). Students draw arrows on images to indicate the relative size and direction of forces.
Differentiation
SpaceX rockets (TRB1): watch a video of the Space X flight. Students identify and draw forces involved in completing the mission.
	

	Forces in action
Conduct a practical investigation on the effects of a range of direct and indirect forces
Processing data and information
Use a range of representations to organise data, including graphs, keys, models, diagrams, tables and spreadsheets
Calculate the mean and range of a dataset
	[bookmark: _Toc172273353][bookmark: _Toc191286247]1.2 Use the force
Checkpoint (TRB2 and FOR PPT): quick quiz to activate learning from the prior lesson.
Everybody (E): What is a force?
Mini-challenge (MC): identify examples of direct and indirect forces.
Super challenge (SC): qualitatively describe the forces on a moving car.
Qualitative vs quantitative measurement (TRB1)
Undertake an activity to demonstrate the benefits of making quantitative measurements of temperature.
Identify the range of terminology to describe the size of forces qualitatively.
Discuss the need for quantitative measurement to ensure precision and accuracy in scientific investigations.
Measuring forces (practical investigation) (TRB1)
Introduce the ‘Newton’ as the unit used to indicate the size of a force.
Demonstrate how to select and use a spring balance to measure forces.
Define reliability as the extent to which repeated observations and/or measurements taken under identical circumstances will yield similar results regarding force measurements using quantitative values.
Checkpoint: How are force measurements affected if the spring in force meters is damaged or if the measurements are not conducted properly? (Encourage students to use the terms ‘precision’ and ‘reliability’).
Students investigate the workstations set up around the room to explore the use of spring balances in each scenario. Students practise selecting the correct size spring balance and taking accurate measurements.
Students calculate the range and mean of the measurements for each scenario to compare measurements between groups and describe the natural variation present in the measurements obtained and the use of the mean to provide a single point to represent the range of data obtained (central tendency).
	

	Forces in action
Conduct a practical investigation on the effects of a range of direct and indirect forces
Questioning and predicting
Make predictions based on scientific knowledge and observations
Processing data and information
Use a range of representations to organise data, including graphs, keys, models, diagrams, tables and spreadsheets
Include sources, titles, labels and scales when displaying data in a graph
Calculate the mean and range of a dataset
Analysing data and information
Propose inferences based on presented information and observations
Problem-solving
Identify problems and devise possible strategies or solutions
Use identified strategies to suggest possible solutions to a familiar problem
Identify cause-and-effect relationships and develop models to explain phenomena 
	[bookmark: _Toc172273354][bookmark: _Toc191286248]1.3 Let’s create a little friction
Checkpoint (TRB1): quick quiz to activate learning from the prior lesson.
E: How do you calculate the mean of a set of numbers?
MC: How do we quantitatively measure force? What instrument can we use to do this?
SC: in science, tables are used to record and organise data. What are the main features of a scientific table?
Note: indirect forces are investigated in future lesson sequences combined with magnetism, electrostatic and gravitational forces.
Define friction as a force that resists changes in the motion of objects and typically increases the temperature of the materials in contact.
Facilitate a discussion on where students have observed friction. Describe friction as a common direct force that is necessary for safe and effective movement (for example, walking on ice, driving in the rain, driving on dirt roads) but also presents complications for wear and tear on objects in motion or components of moving objects (servicing engine and bike components with effective lubrication and adjustment).
Friction simulation (TRB1 and FOR PPT)
Demonstrate friction by rolling a solid wax ball in your hands to show how heat produced softens and deforms the wax. Students complete a Predict-Observe-Explain (POE) scaffold to: 
predict what they think will happen
record their observations of what happens to the solid ball of wax
explain why the ball of wax softens and changes shape.
Show the PhET simulation of friction so that students can see surfaces that are not necessarily smooth and explain why friction causes heat at the surface where the force is applied.
Surface friction investigation (TRB1)
Students conduct a practical investigation to determine how different surface types change the frictional force experienced by a block. They produce a column chart that compares each surface type and the relative amount of frictional force each surface exerts on the moving block.
Checkpoint: check students’ column graphs, provide feedback or re-teach this skill if required.
Pose the question, ‘How does the surface type influence the frictional force experienced by a block?’. Students use an explain scaffold to write a response.
Explore the PhET simulation Forces and Motion Basics using the ‘Friction’ game to model the relationship between friction and motion.
Note: highlight the concept of ‘gaining traction’ with sports shoe design or specialist tyre designs for race cars as a useful consequence of frictional forces. This illustrates that friction is not solely a hindrance to an object's motion.
Friction – A friend or foe? (TRB1)
Students identify friction-related problems and propose strategies to increase or decrease the friction to solve the problem. 
	

	Forces in action
Use force diagrams to model balanced and unbalanced forces
Analyse force diagrams to make predictions
Processing data and information
Extract information from texts, diagrams, flow charts, tables, databases, graphs and multimedia resources
Use a range of representations to organise data, including graphs, keys, models, diagrams, tables and spreadsheets
Analysing data and information
Identify patterns and relationships in graphs, keys, models, diagrams, tables and spreadsheets
Use scientific understanding to identify relationships and draw conclusions based on students’ data and secondary sources
Problem-solving
Identify cause-and-effect relationships and develop models to explain phenomena
	[bookmark: _Toc172273355][bookmark: _Toc191286249]1.4 Force diagrams
Checkpoint (TRB1): quick quiz to activate learning from prior lesson(s).
E: What is friction, and how does it affect the movement of objects?
MC: give examples of how you can increase and decrease friction.
SC: When comparing friction on different surfaces, what considerations must you make to ensure it is a fair test?
Reviewing scaled diagrams (TRB1 and FOR PPT)
Create or view scaled diagrams to examine the importance of scale for effective communication in diagrams (leading to force diagrams), for example, house plans or navigation instructions.
Free body diagrams (TRB1 and FOR PPT)
Describe the ‘normal force’ as a contact force that acts perpendicular to the contact surface between 2 objects. 
Demonstrate how to draw a free-body diagram using example scenarios and scale the forces accordingly. Vector arrows for each force can be drawn onto the diagram, and example calculations of net forces can be made.
Note: using graph paper to draw free-body diagrams simplifies scaling and aligning the vector arrows. Force diagrams can also be created digitally on draw.io using flow chart icons and tools.
Checkpoint: What happens if the surface cannot provide enough of the normal force to counteract gravity pulling the object down?
Demonstrate how to calculate net force. Students determine the net force acting on scenarios. Discuss adding or removing forces as vectors to these force diagrams. Changing force vectors can either balance, unbalance or shift the balance of the net force on objects.
Use the PhET simulation Forces and Motion Basics to model the ‘Net Force’ tug-o-war game with one-dimensional forces by applying different combinations of players on each side of the cart.
Differentiation: help students gain confidence in force diagrams by limiting the vectors to one dimension only and using small integers with subtraction equations to calculate the net force in the consistent direction of the larger force.
Investigate and predict what action needs to be completed or what factor can be changed to achieve the desired change in the force diagrams. Consider also the reverse problem: What change in the force diagram would be required to depict a particular action or change described accurately?
Checkpoint: How do these force diagrams help us predict and explain the change in motion of objects?
Paper planes (TRB1)
Investigate the use of force diagrams to represent air resistance (drag) and lift in the design of paper planes or paper helicopters to evaluate their flight characteristics due to changing force vectors in a competition between students or classes.
Differentiation: challenge students to develop consistent techniques to test finer adjustments to paper plane or helicopter designs, such as adding paperclip weights or building control surfaces into the wings or blades. This may include mechanical launchers inside a controlled environment or developing a rudimentary wind tunnel to evaluate their designs.
	

	Forces in action
Examine the relationship between force and energy
Processing data and information
Use a range of representations to organise data, including graphs, keys, models, diagrams, tables and spreadsheets
	[bookmark: _Toc172273356][bookmark: _Toc191286250]1.5 Storing energy
Checkpoint (TRB1): quick quiz to activate learning from prior lesson(s).
E: What are balanced forces and unbalanced forces? Give an example of each.
MC: draw a force diagram for a book resting on a table and label the forces acting on it. Explain why the forces are balanced.
Forms of energy (TRB1 and FOR PPT)
Outline how forces can be used to add or remove energy from objects.
Unpack the different forms of energy storage and an example of where it is observed.
Describe how energy can be transferred from one form to another by applying forces, such as the heat produced by the friction between 2 moving surfaces in contact.
Describing energy transfers (TRB1 and FOR PPT)
Illustrate the action of forces in simple examples involving a change in energy. Simple examples using a pull-back spring-powered toy car (or equivalent) can be used to discuss the nature of forces being used to transfer energy between objects and the subsequent use of that energy.
	

	Forces in action
Conduct a practical investigation on the effects of a range of direct and indirect forces
Describe the electrostatic and gravitational forces exerted between objects
Questioning and predicting
Identify questions and problems that can be investigated scientifically
Make predictions based on scientific knowledge and observations
Analysing data and information
Use scientific understanding to identify relationships and draw conclusions based on students’ data and secondary sources
Propose inferences based on presented information and observations
	[bookmark: _Toc172273357][bookmark: _Toc191286251]1.6 Zap!
Checkpoint (TRB1): quick quiz to activate learning from the prior lesson.
E: What is the relationship between force and energy? Provide a simple example.
MC: explain, using a toy example, how a force can be applied to the toy initially to store energy and then release it.
Charges on objects (TRB1 and FOR PPT)
Define the term ‘electrostatic’ as the more precise term to replace the commonly used term ‘static electricity’.
Describe the terms ‘neutral charge’, ‘positive charge’ and ‘negative charge’ by the balance or imbalance of the respective charges within all materials. The equal number and distribution of positive and negative charges indicate the default neutral state of materials. As particular actions are taken, these charges transfer between materials and create an imbalance, which results in a net charge.
Electrostatic charges simulations (TRB1)
Use the PhET John Travoltage simulation, including Teaching Resources, to describe the electrostatic forces exerted between objects and the body when someone gets an ‘electrostatic shock’.
Checkpoint: the simulation shows negative charges only as the leg is moved and the pointed finger touches the doorknob. What other charge movements are NOT shown in this simulation?
Use the PhET Balloons and Static Electricity simulation, including Teaching Resources, to support modelling the concept of electrostatic charges between materials. Students make predictions and propose inferences about the behaviour of the balloons under different conditions.
Note: to learn how to use the interface and collect data with students, access the Teacher Tips and Video Primer for PhET simulations. This requires a free sign-up and login process.
Watch Static Electricity: Uses Physics (4:15) and outline the uses of static electricity in industry.
Checkpoint: Which charges are attracted to each other, and which are repelled by each other?
Perspex and ebonite rods investigation (TRB1)
Investigate the production of charged materials using Perspex rods with woollen cloths and ebonite rods with silk cloths. Explore the factors that influence the strength of these charges and how they dissipate quickly when they contact other materials.
Differentiation: challenge students by introducing the concept of induced charge, where charged materials can impart a charge on a secondary material by temporarily disrupting the overall neutral net charge on any part of a material.
The Van de Graff generator (TRB1 and FOR PPT)
Discuss the nature of lightning as an extreme example of electrostatic charges discharging between oppositely charged areas of the environment.
Investigate the production of charges using the Van de Graff generator. Carefully demonstrate the mechanical production and influence of these much larger electrostatic charges and the result of rapid discharge using the earth-connected probe.
	

	Forces in action
Conduct a practical investigation on the effects of a range of direct and indirect forces
Describe the electrostatic and gravitational forces exerted between objects
Use the concept of forces to describe the motion of objects in orbit
Questioning and predicting
Identify questions and problems that can be investigated scientifically
Make predictions based on scientific knowledge and observations
Processing data
Extract information from texts, diagrams, flow charts, tables, databases, graphs and multimedia resources.
Analysing data and information
Identify data which supports or refutes a testable statement being investigated or a proposed solution to a problem
Use scientific understanding to identify relationships and draw conclusions based on students’ data and secondary sources
Propose inferences based on presented information and observations
Problem-solving
Identify cause-and-effect relationships and develop models to explain phenomena
	[bookmark: _Toc172273358][bookmark: _Toc191286252]1.7 Hold me close
Checkpoint (TRB1): quick quiz to activate learning from prior lesson(s).
E: What are electrostatic forces, and what causes them?
MC: briefly describe an experiment to demonstrate the effects of electrostatic forces between objects.
Earth’s gravitational field (TRB1 and FOR PPT)
Demonstrate the effect of Earth’s gravitational field by asking students to predict and explain why an object held in your outstretched hand will remain there until your hand is removed and why all heavier-than-air matter will undoubtedly fall to the floor.
Explain the concept of gravitation on Earth as the field surrounds the planet, drawing all matter to the centre. Objects cease to fall only when another object can provide an opposing force to negate acceleration due to gravity, the normal force.
Explain that gravity is a property of matter – the more matter an object contains, the stronger the gravitational field surrounding it. The Earth's gravitational field exerts a force on all of us, the satellites surrounding the Earth and the Moon.
Differentiation (TRB1): extension question – How can we describe the forces that act on people and objects above ground level (surface of the Earth)? How does this knowledge influence the design of multistorey structures?
Mass and gravity simulation (TRB1)
Use the PhET Gravity Force Lab: Basics simulation,Teaching Resources, to support the modelling of the concept of gravitational attraction. Relate the gravitational force to the tides experienced on Earth (linking to learning in Observing the Universe).
Checkpoint: the moon also has a large mass, although its gravitational field is not strong enough to affect us. Where do we see its effect elsewhere on Earth?
Orbits simulation (TRB1)
Use the PhET Gravity and Orbits simulation, including Teaching Resources, to support modelling gravitational attraction. Explore the orbits of the Earth around the Sun and the Moon around Earth.
Students develop questions to test using the simulation controls. Students use Predict-Explain-Observe-Explain the interactions of the orbiting bodies. Students infer possible consequences of changes made in the simulation.
Checkpoint: display the Gravity and satellites: True or False activity to check students' understanding of concepts. Students could identify each scenario as true or false on a mini whiteboard before revealing the correct answer. Review students’ responses and identify any misconceptions that they may have so they can be addressed promptly.
Differentiation: challenge students by further exploring ellipses and elliptical orbits. NASA’s What is an Orbit?. Provides additional information.
	

	Forces in action
Define weight force as the mass x the acceleration due to gravity (g) (F=mg)
Perform calculations using the equation F=mg to solve for unknowns
Processing data and information
Convert between units of measurement
Problem-solving
Use identified strategies to suggest possible solutions to a familiar problem
	[bookmark: _Toc172273359][bookmark: _Toc191286253]1.8 Weigh up your options
Checkpoint (TRB1): quick quiz to activate learning from prior lesson(s).
E: What is gravity, and how does it affect the motion of objects on Earth?
MC: describe the gravitational forces exerted between two objects and what happens to these forces when the distance between objects changes.
SC: describe how gravitational forces keep objects, like satellites or planets, in orbit.
Mass vs weight (TRB1 and FOR PPT)
Define the terms mass and weight. Mass is the aggregate total of matter within any object. The SI unit for mass in kilogram (kg). Weight is the force experienced by a mass within a gravitational field. Our weight will change as we move within and beyond a gravitational field, but mass remains constant. The SI unit for weight is Newton (N).
Checkpoint (FOR PPT): If we took one of the spring balances used in previous activities to another planet, could it be used to measure the mass of an object accurately? Why or why not?
Investigate the weight variation of different objects to see how they are affected by different gravitational fields (for example, on other planets). Perform calculations using  to solve unknowns, including the gravitational field values for different locations within and beyond our Solar System and a range of object masses.
Note: it is important to convert all mass units to the SI units of kilograms before engaging with these calculations. Select objects with a range of masses and practice the conversion between grams (1 gram = 0.001 kg) and tonnes (1 tonne = 1000 kg) to kilograms while undertaking weight calculations.
Checkpoint: 
Astronauts in orbit around the Earth on the International Space Station (ISS) experience gravitational fields from various sources, such as the Earth, the Sun and Moon. Are the astronauts actually ‘weightless?
	

	Magnets in everyday life 
Describe how magnets attract or repel each other based on their polarity
Observe and map the magnetic fields of magnets
Questioning and predicting
Make predictions based on scientific knowledge and observations
Analysing data and information
Propose inferences based on presented information and observations
Problem-solving
Identify cause-and-effect relationships and develop models to explain phenomena
	[bookmark: _Toc172273360][bookmark: _Toc191286254]1.9 Is it attractive?
Checkpoint (TRB1): quick quiz to activate learning from prior lesson(s).
E: What is a force?
MC: What are the 2 categories of forces? Give examples of both.
SC: How do we calculate weight force? If an object has a mass of 20 g and is in a gravitational field of 9.8 ms-2, calculate the weight force on this object.
How magnets work (TRB1 and FOR PPT)
Students complete the K (What I know) and L (What I want to know) columns of a KWLH on magnets and magnetism.
Explain what a magnet is and what they are made of. Define key terms including magnetism, polarity, repel and attract.
Demonstrate the effect of polarity on attraction and repulsion using 2 bar magnets.
Checkpoint (TRB1): ask the following quick questions: 
· What category of force is magnetism? Why?
· When is a magnetic force a push or a pull?
Demonstrate the interaction of a magnet with a compass using the PhET Magnet and Compass simulation or with an actual magnet and compass.
Describe how magnetic field lines are drawn and what information can be interpreted from such diagrams.
Checkpoint (TRB1): What factors affect the action of a magnet? How do everyday magnets work?
Differentiation (TRB1):
Support: use a Frayer diagram to define the following words: Magnetism, magnet, polarity, repel, and attract.
Extension (TRB1): 
Students investigate, design and present useful tools or technologies that use magnets.
Mapping magnetic fields (TRB1 and FOR PPT)
Demonstrate using iron filings to show and draw magnetic field lines for one magnet shape.
Students make predictions about the location and shape of magnetic field lines for the range of magnet combinations.
In small groups, students map the magnetic field lines and make observations related to the interactions of the poles for different-shaped magnets.
Checkpoint (TRB1): exit slip questions – reflect on the learning intentions and success criteria.
· What criteria allow you to predict what will happen when magnets interact?
· How do everyday magnets work?
· What would happen if you broke a magnet in half?
	

	Magnets in everyday life
Conduct a practical investigation to test the effect of distance on the action of a magnet
Questioning and predicting
Identify questions and problems that can be investigated scientifically
Make predictions based on scientific knowledge and observations
Processing data and information
Use a range of representations to organise data, including graphs, keys, models, diagrams, tables and spreadsheets
Analysing data and information
Identify patterns and relationships in graphs, keys, models, diagrams, tables and spreadsheets
Use scientific understanding to identify relationships and draw conclusions based on students’ data and secondary sources
Evaluate the method used to investigate a question or solve a problem, including evaluating the quality of the data collected and identifying possible improvements to the investigation
Problem-solving
Identify cause-and-effect relationships and develop models to explain phenomena
	[bookmark: _Toc172273361][bookmark: _Toc191286255]1.10 Testing for attraction
Checkpoint (TRB1): quick quiz to activate learning from prior lesson(s).
E: What are the 2 poles of a magnet called?
MC: What happens when the north pole of one magnet is brought close to the south pole of another magnet? Explain why this happens.
SC: Describe the behaviour of 2 bar magnets when their north poles are brought close together and explain the underlying reason based on the concept of magnetic fields and polarity.
Quick quiz – investigations (TRB1)
Assess students' understanding of scientific investigation design by conducting a quick quiz.
Investigating the effect of distance on the action of a magnet (TRB1 and FOR PPT)
Students design and conduct an investigation to test the effect of distance on the strength of a magnetic field. Students:
create a scientific question for the investigation that can be tested
make a prediction for the investigation
identify, collect and organise data in a table
identify any patterns in the data and come up with a conclusion
identify ways that the investigation could be improved
write a cause-and-effect statement
propose another experiment to further expand on the findings.
Differentiation (TRB1):
Support: the teacher can be more actively involved in co-designing the investigation.
Checkpoint: using the JavaLab Magnetic Force simulation, students first predict what field lines would look like when different magnets and magnets at different angles are brought together. Then, test their predictions.
	

	Magnets in everyday life
Conduct a practical investigation to construct electromagnets and compare their strength
Forces in context
Investigate examples of forces and magnetism in familiar contexts
Questioning and predicting
Make predictions based on scientific knowledge and observations
Processing data and information
Use a range of representations to organise data, including graphs, keys, models, diagrams, tables and spreadsheets
Include sources, titles, labels and scales when displaying data in a graph
Select the type of graph best suited to represent various single datasets and justify this choice
Analysing data and information
Identify patterns and relationships in graphs, keys, models, diagrams, tables and spreadsheets
Use scientific understanding to identify relationships and draw conclusions based on students’ data and secondary sources
Evaluate the method used to investigate a question or solve a problem, including evaluating the quality of the data collected and identifying possible improvements to the investigation
	[bookmark: _Toc172273362][bookmark: _Toc191286256]1.11 Making magnets
Checkpoint (TRB1): quick quiz to activate learning from prior lesson(s).
E: What is one variable you need to keep constant when testing the effect of distance on a magnet's action?
MC: How does the strength of the magnetic field on a metal object change as the distance between the object and a magnet increases?
SC: Describe the pattern you would expect to see when using iron filings to map the magnetic field around a bar magnet.
What is an electromagnet? (FOR PPT)
Define electromagnetism and electromagnets. Clarify how magnetic fields are created in electromagnets and the advantage of controlling these magnetic fields.
Watch How ElectroMagnets Work – Middle Grade Science w/ Untamed Science (4:43). Students list examples of where electromagnets are used from the video and their own experiences.
Electromagnet practical investigation (TRB1 and FOR PPT)
Students conduct a practical investigation to determine how the number of coils in a wire affects the strength of an electromagnet.
Students complete an evaluation of their method by making a judgement, based on evidence, for the following criteria: variables identified, method is reproducible and quality data was collected.
Students identify the best way to represent the data and construct a graph.
Students draw a conclusion.
Checkpoint (TRB1): complete an exit ticket. What are the advantages of electromagnets?
Alternate activity for action of a magnet at a distance (TRB1)
Students conduct an investigation to explore how the strength of an electromagnet changes with distance using a compass. The deflection of the compass needle is used as a measure of the strength of the electromagnet. Students set up the investigation, follow a given method, collect data in a table, construct a graph and then respond to discussion questions.
Note: the content point ‘conduct a practical investigation to test the effect of distance on the action of a magnet’ is also covered with this activity.
Optional depth study – constructing a simple motor (TRB1)
Students construct a simple motor using a magnet and an electric field. 
Students design an investigation to test the effect of a variable on the motor’s performance (for example, number of coils, strength of the magnet and battery voltage).
Note: this activity goes beyond the core content of the magnets in everyday life content group in the Forces focus area. It may be used to deepen student understanding of forces and pursue student interest, contributing to depth study hours for Stage 4.
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2 How do simple machines make life easier?
Table 4 – content and teaching and learning activities for lesson sequence 2
	Content
	Teaching and learning activities
	Registration and evaluation notes

	Simple machines in everyday life
Explore the role of simple machines, from now and in the past, as used in everyday life
Processing data and information
Extract information from texts, diagrams, flow charts, tables, databases, graphs and multimedia resources
	[bookmark: _Toc172273364][bookmark: _Toc191286258]2.1 Simple machines around us
Simple machines and mechanical advantage (TRB2 and FOR PPT)
Define a simple machine and outline 6 classical simple machines we can consider – wedge, lever, inclined plane, pulley, gears, and wheel and axle.
Define mechanical advantage as the ratio of a simple machine's load (output) force to the effort (input) force. Explain that each simple machine provides a method to create a mechanical advantage to make a task easier to accomplish.
Show students short video clips to explore examples of the different types of simple machines (FOR PPT), including the wedge, lever, inclined plane, wheel and axle, gears and pulley.
Checkpoint:
Would a nail (a wedge at the tip) or a screw (a ramp along the thread) be easier to drive into a piece of wood?
Does a bigger wheel or smaller wheel provide a bigger mechanical advantage?
Different types of tools (TRB2)
Students conduct research on a range of tools used in everyday life (now and in the past) and how their operation makes difficult tasks easier.
Complex machines (TRB2)
Define complex machines as the modern implementation of simple machines with modern technology, for example, electric or hydraulic systems, to further enhance a simple machine by increasing the effort force possible beyond human limits.
Challenge students to review the components of a modern machine and uncover the simple machine(s) as its base principle of operation.
	

	Simple machines in everyday life
Conduct a series of practical investigations using simple machines to investigate the action of forces
Investigate how simple machines, such as levers and pulleys, are used to change the magnitude of force needed when performing a task
Forces in context
Investigate examples of forces and magnetism in familiar contexts
Questioning and predicting
Identify questions and problems that can be investigated scientifically
Make predictions based on scientific knowledge and observations
Processing data and information
Use a range of representations to organise data, including graphs, keys, models, diagrams, tables and spreadsheets
Calculate the mean and range of a dataset
Analysing data and information
Assess the reliability of gathered data and information by comparing it to observations and information from other sources, including scientific writing
Identify patterns and relationships in graphs, keys, models, diagrams, tables and spreadsheets
Use scientific understanding to identify relationships and draw conclusions based on students’ data and secondary sources
Problem-solving
Identify cause-and-effect relationships and develop models to explain phenomena
	[bookmark: _Toc172273365][bookmark: _Toc191286259]2.2 Investigating simple machines
Checkpoint (TRB2): quick quiz to activate learning from prior lesson(s).
E: What are simple machines, and what are some examples of simple machines used in everyday life?
MC: describe how one type of simple machine, such as a lever or screw, has been used in both historical and modern contexts. Give specific examples of its use in everyday life.
SC: explain how simple machines make work easier. Discuss how the principles behind simple machines have influenced the design of modern machinery and technology.
Investigating levers (TRB2 and FOR PPT)
Unpack an example of each type of lever to revise the components and types of levers.
Students conduct a practical investigation to determine the mechanical advantage of first-order levers. Students make a prediction and collect data about the effort required to lift a load at various distances from the fulcrum.
Investigating pulleys (TRB2)
Students investigate the relationship between the force magnitude and effort distance for a load in different pulley arrangements.
Students collect multiple sets of data and calculate summary data, including the mechanical advantage of the different pulley arrangements.
Checkpoints (TRB1)
Why does the amount of force change with the increasing mass?
What is the mechanical advantage of a fixed pulley system compared to the effort required to lift the same load without a pulley (baseline measurement)? Why is a single fixed pulley useful in some situations?
What mechanical advantage is observed in the moveable pulley system compared to the baseline measurements? Where could this pulley system be useful?
Differentiation: challenge students to connect and operate a range of additional pulley combinations using double and triple pulleys (with 2 or 3 wheels) to create compound pulley systems and compare their mechanical advantage.
Complete a power ticket (FOR PPT) for students to reflect on 3 facts they have learned in this work unit over the past few weeks. This includes 3 facts about pulleys learned today, levers yesterday, magnetism last week, and gravity and friction last month. This can be completed as a Think-Pair-Share activity.
Investigating gears (optional investigation) (TRB2)
Investigate the role of gears in mechanical systems. These systems are more commonly found in complex machines to transfer forces between components where pulleys cannot handle the larger forces involved.
Use Gear Generator to demonstrate a range of gear combinations. Students extract data from the simulation to calculate the gear ratio.
	

	Simple machines in everyday life
Identify examples of Aboriginal and Torres Strait Islander Peoples’ application of Knowledge about forces
Processing data and information
Extract information from texts, diagrams, flow charts, tables, databases, graphs and multimedia resources
Problem-solving
Identify cause-and-effect relationships and develop models to explain phenomena
Questioning and predicting
Identify questions and problems that can be investigated scientifically
Simple machines in everyday life
Conduct a series of practical investigations using simple machines to investigate the action of forces
Forces in context
Investigate examples of forces and magnetism in familiar contexts
	[bookmark: _Toc172273366][bookmark: _Toc191286260]2.3 Traditional knowledge of forces
Checkpoint (FOR PPT 2.3 Checkpoint): quick quiz to activate learning from prior lesson(s).
E: determine the mechanical advantage of the pulley system.
MC: sketch an example of a first-order lever and label the effort, fulcrum and load.
Traditional tools (TRB2 and FOR PPT)
Identify an example of Aboriginal and Torres Strait Islander Peoples application of forces in a tool or weapon.
Students conduct research on traditional tools and weapons used in the local area.
Students draw force diagrams to represent the forces used in the tools or weapons. If the tool or weapon is a lever type, label the fulcrum, effort and load and describe the mechanical advantage provided.
Investigate the leverage a model woomera provides as an advantage to Aboriginal and Torres Strait Islander hunters. Students reference their sources of information.
Optional secondary-source research (TRB2)
Note: where possible, identify local resources and advocate for local people to come and teach and/or demonstrate the making and use of a woomera.
Use ABC iView First Weapons Series 1 Episode 2 Amerr (28:00) as a stimulus to promote discussion about Aboriginal and Torres Strait Islander Peoples’ application of knowledge about forces. Students extract information from the video to respond to questions related to the mechanical advantage and forces involved in the tool.
Note: this First Weapons episode is set in Alyawarr country in the Northern Territory, where the woomera is called the amerr (pronounced Ah-mud-da).
Optional practical investigation (TRB2)
Students conduct a practical investigation to model the action of a woomera using a ball thrower or a mini spear model with bamboo skewers. Students identify a variable that can be manipulated and test how it affects the throwing distance. Students document their findings in a scientific report.
Checkpoint (TRB2): quick quiz:
1. Why is a woomera considered a simple machine?
2. Draw a woomera and label the forces applied when a woomera is used. Identify the fulcrum, effort force and load force as you would for a force diagram.
	

	Simple machines in everyday life
Investigate how simple machines can solve everyday issues
Forces in context
Investigate examples of forces and magnetism in familiar contexts
Processing data and information
Use a range of representations to organise data, including graphs, keys, models, diagrams, tables and spreadsheets
Analysing data and information
Propose inferences based on presented information and observations
Problem-solving
Identify problems and devise possible strategies or solutions
	[bookmark: _Toc172273369][bookmark: _Toc191286261]2.4 Solving problems with machines
Checkpoint (TRB2): quick quiz to activate learning from prior lesson(s).
E: name one traditional tool used by Aboriginal and Torres Strait Islander Peoples that demonstrates their understanding of forces.
MC: explain how the woomera demonstrates the application of knowledge about forces by Aboriginal and Torres Strait Islander Peoples.
Hydraulics investigation (TRB2)
Note: hydraulics is not explicitly called out in the Science 7–10 Syllabus. You may use this activity to extend students understanding of forces beyond the simple machines covered previously if you have time.
Watch How do Hydraulic Machines Work? (3:39). Students respond to questions based on the video.
Students use syringes of different sizes to model hydraulic systems. Students complete questions to explore hydraulics as a modern application of simple machine concepts.
Extension: explore and complete quantitative analysis of the concept of Pascal's Principle and its application in hydraulics.
Checkpoint (TRB2): explain how hydraulics can solve everyday issues.
	

	Simple machines in everyday life
Investigate how simple machines can solve everyday issues
Forces in context
Investigate examples of forces and magnetism in familiar contexts
Processing data and information
Use a range of representations to organise data, including graphs, keys, models, diagrams, tables and spreadsheets
Calculate the mean and range of a dataset
Analysing data and information
Identify data which supports or refutes a testable statement being investigated or a proposed solution to a problem
Propose inferences based on presented information and observations
Problem-solving
Identify problems and devise possible strategies or solutions
Use given evaluation criteria to select optimal solutions to problems
Evaluate the suitability of different strategies for solving an identified problem using given criteria
	[bookmark: _Toc191286262]2.5 Assessment task – depth study – Ancient and modern simple machines
Note: detailed information on this task can be found in Assessment task – Forces (DOCX 2.75 MB) on the Science Stage 4 Forces webpage.
Students conduct a depth study in class to explore how simple machines were used to build the Great Pyramids of Egypt and how they are used in the modern world. The task is divided into 3 parts and is expected to take 5 hours.
Part 1 – students investigate how ramp angle affects the effort (force) required to move a block and compare this to how the Egyptians may have moved the heavy sandstone blocks to build the pyramids.
Part 2 – students expand on the investigation in Part A to include another simple machine to try and reduce the effort (force) required to move the block.
Part 3 – students explore modern-day complex machines – often made up of many simple machines. Students identify a problem and design a machine to make a task easier.
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Collating ongoing evaluations and reflecting on the program's strengths and areas for development creates opportunities to enhance student outcomes. The following prompts can be used to support your evaluation of the program:
· Did the program assist all students in improving their learning?
· How could the sequencing of the program be improved?
· What did the student evaluations of the program indicate? How can these be actioned to improve the program?
· The strategies and resources that were most effective for student learning were …
· Teaching strategies and resources that would benefit from review and refinement are …
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