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Students review inequalities in the context of domain and range, before learning how to solve linear inequalities within contextual worked examples. Students develop an understanding of why they need to reverse an inequality when multiplying or dividing by a negative. 
Learning intention
To be able to solve linear inequalities and plot them on a number line. 
Success criteria
I can represent a solution set on a number line using open and closed circles.
I can represent a scenario as an inequality.
I can solve a linear equation.
I can explain why multiplication or division by a negative will reverse an inequality. 
I can justify a solution in the context of a problem. 


Outcomes
A student:
develops understanding and fluency in mathematics through exploring and connecting mathematical concepts, choosing and applying mathematical techniques to solve problems, and communicating their thinking and reasoning coherently and clearly MAO-WM-01 
applies algebraic techniques and the laws of indices and surds to manipulate expressions and solve problems MAV-11-01
uses functions and relations to model, analyse and solve problems MAV-11-02
Content
Linear functions
Solve linear inequalities and graph the solution on a number line
Constructing and using functions
Use linear inequalities to model and solve problems in real-world situations, and justify conclusions in the context of the problem
Properties of functions, relations and graphs
Determine and describe the domain and range of functions and relations, using interval notation, inequalities or worded descriptions
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Table 1: lesson summary 
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Activating prior knowledge
	Read the equations on page 4 aloud one at a time and allow students time to create a representation, followed by recording the domain and range. Students then calculate the break-even point for the revenue and cost equations, determining the profit range. 
	Visibly random groups of 3
Vertical non-permanent surfaces
Gallery walk
	The purpose of this activity is to review students’ prior understanding of domain and range in real-world contexts.

	Connecting learning
	Use slide 4 of the PowerPoint Linear inequalities to introduce number line representations of inequalities. Use slide 5 to apply this understanding to graph the solutions for real-world scenarios on a number line. 
Use slides 6–11 to unpack scenarios that involve inequalities. Guide students to reason through solutions and justify why some responses are valid while others are not. 
Students complete Appendix A.
	Pose-Pause-Pounce-Bounce
Variation Theory
	Students use their prior knowledge of linear models to formalise inequality notation. This activity targets the key misconceptions and promotes conceptual discovery before formalising the rule that when multiplying or dividing by a negative number the inequality is reversed. 

	Releasing responsibility
	Use slides 13–14 to model solving inequalities involving dividing by a negative number. Students practise solving inequalities using an existing resource. 
	Worked examples (Your turn)
Think-Pair-Share
Notes to future forgetful selves
	This section formally introduces students to solving inequalities.

	Independent practice
	Students complete Appendix B and use slide 15 to revisit an earlier canteen example, revealing the solution, before students complete notes to summarise.
	Think-Pair-Share
Turn and talk 
	The purpose of this section is to shift students from guided examples to independent problem solving, reinforcing the rule for reversing inequalities when multiplying or dividing by a negative.



Activity structure
Please use the associated PowerPoint Linear inequalities to display images in this lesson.
Activating prior knowledge
Assign students to visibly random groups of 3 (bit.ly/visiblegroups) at vertical non-permanent surfaces (bit.ly/VNPSstrategy).
Read each of the following equations aloud, one at a time. Students are to copy each of the equations onto their vertical non-permanent surface and record a representation of the domain and range beneath it. After each equation, pause to give students time to display their domain and ranges:
· 
· 
· 
· The revenue equation: 
· The cost equation: .
Students covered expressing domain and range using interval notation, inequalities or worded descriptions in Lesson 5 – domain and range of Unit 2 – introduction to functions. 
Once all equations have been given, instruct students to participate in a gallery walk (bit.ly/DLSgallerywalk) to examine other groups’ representations. Ask students to notice whether the domain and range have been expressed differently, and to reflect on the reasoning behind those choices.
Conclude with a class discussion where students explain their reasoning for their domain and range choices, helping them clarify their understanding by hearing different perspectives. 
Students may discuss the different ways they expressed the domain and range or recall from Lesson 2 – modelling linear functions that limitations can be applied to the domain and range in practical contexts.
Connecting learning
1. In their groups of 3, ask students to discuss how they could represent the following inequalities on a number line as a check for understanding. Select non-volunteer students to share their group’s discussions with the class.
· 
· 
· 
Display slide 4 of the PowerPoint, which introduces how linear inequalities can be represented on a number line and highlight that a closed circle represents that the number is included in the inequality, and an open circle means it is not.
This concept may have already been addressed through the Stage 5 Equations B Path outcome MA5-EQU-P-01. If so, consider replacing this step with a group discussion, activating prior knowledge of representing inequalities. 
Ask students to update their representations of the domain and range inequalities from the ‘Activating prior knowledge’ section to reflect the representations shown on slide 4.
Students should identify the following:
· the first inequality would have a closed circle and point to the right
· the second inequality would have an open circle and point to the left
· the third inequality would have an open circle and point to the left, addressing the misconception that the direction of the inequality always matches the direction of the line. 
Continuing in their existing groups, redirect students to the revenue and cost equations from earlier in the lesson. Ask students to sketch these lines on the same axes to determine the break-even point. 
The equations were  and . Students may benefit from being given a printed Cartesian plane in an A3 plastic sleeve attached to the vertical non-permanent surface with adhesive putty. Graph paper can be found on (print-graph-paper.com).
Have students communicate the values of  for which the business makes a profit as either a sentence or algebraically as an inequality.
The break-even point for the revenue and cost functions is (10, 300). Students may identify the profit range as values larger than 10 or .
Ask students to represent this profit inequality as a number line on their vertical non-permanent surface.
Display the real-world scenarios on slide 5 and have each group represent the associated inequalities on number lines on their vertical non-permanent surface.
As students work, monitor their progress and temporarily pair any groups showing misconceptions with a nearby group to compare reasoning. Example solutions include:
1. 
2. 
3. 
4. 
5. .
Highlight to students that all the inequalities explored so far have represented a simple boundary, however, multi-step equations can also be expressed with an inequality. Explain that the procedure of solving these types of inequalities share some similarities with solving equations.
Use slide 6 to unpack the ‘Approaching questions scaffold’ with students.
The ‘Approaching questions scaffold’ offers students a structured scaffold to approach questions. Each stage is accompanied by an icon that corresponds to different aspects of the process. 
Explain to students that this scaffold will be used to solve a new scenario displayed on slide 7. 
In their groups, have students complete the first step of the scaffold, which is understanding what the question is asking. An animation will cause an icon from the scaffold to appear in the corner of the slide.
Discuss students’ findings as a class, indicating the key terms they identified, the focus areas and how many marks they think the question may be worth. 
In their groups, allow students to work through the remaining steps in the ‘Approaching questions scaffold’. A suggested solution can be shown using slide 8. Animations will appear on the slide to support the use of the scaffold.
Use the Pose-Pause-Pounce-Bounce questioning strategy (PDF 557 KB) (bit.ly/posepausepouncebounce) to discuss how this solution does not make practical sense. Suggested prompts include:
Can you turn the tap on 2.8 times in this situation? 
What kind of number makes sense for this variable? Why is this?
How could we modify the answer to make practical sense?
Students may identify that the number of times a tap is turned on is a discrete variable where only whole number values make sense as a solution. Students may also identify that numbers must be positive. Students may suggest modifying the equation to an inequality.
Display slide 9, which shows a modified version of the question from slide 7 and ask students to discuss how this would change their approach. Give students an opportunity to modify their solution to the question and test values that meet the conditions of their inequality before displaying slide 10. 
The sprinkler can be used  times or  times, since the value for  must be discrete. 
This example has intentionally been chosen as it does not involve multiplying or dividing by a negative value. 
Display slide 11 and ask students to attempt to solve the new scenario in their groups. 
This example is deliberately designed so the logical answer is relatively straightforward, yet most students are likely to get this question incorrect, unless they know dividing by a negative reverses the inequality. Students could get the solution that . If they do know how to solve this correctly, ask them to explain why. 
Students may also solve this by creating a linear model and using their problem-solving skills. 
Invite students to test values to check if their inequality is correct.
Initiate a class discussion unpacking students’ possible incorrect solutions in relation to the context of the question. Suggested prompts may include: 
Why might an answer of  not make sense here?
If we tested a value just above or below , which works in the context of the problem? Why?
Explain to students that this example will be revisited later in the lesson. 
Have students return to their workstations and explain that they will now investigate why, when solving an inequality, the solution was incorrect. 
Distribute Appendix A ‘Investigating inequalities’, which draws on the principle of Variation Theory (variationtheory.com/introduction), to each pair of students. Explain to students that they will be analysing inequalities and how each is manipulated to determine if the inequality statement remains true. Encourage discussion as they work through the task. 
Lead a class discussion using the Pose-Pause-Pounce-Bounce questioning strategy, focusing on multiplication and division with negatives in inequalities from Appendix A. Suggested prompts may include:
What did you notice when multiplying or dividing inequalities?
How did you adjust the inequalities to keep them true?
Did the direction of the inequality ever change with addition or subtraction? 
Students should observe that addition and subtraction do not change the inequality’s direction; they simply slide the whole inequality along the number line. However, when multiplying or dividing by a negative number, the direction of the inequality must change because negative values reflect their positive counterparts across zero, reversing their order on the number line.
To help students understand this concept, teachers can refer back to Stage 4 Unit 4 – additive thinking, Lesson 3 – addition of integers using vectors and Lesson 4 – subtraction of integers using vectors.
Releasing responsibility
1. Use slides 13–14 of the PowerPoint to model a worked example of solving a linear inequality involving multiplication by a negative number using the Worked examples (Your turn) method (bit.ly/supportingstrategies). 
Provide students with a fluency task using an existing resource that focuses on solving linear inequalities.
To consolidate learning, ask students to create notes to their future forgetful selves (bit.ly/notestofutureself), summarising the different visualisations for representing linear inequalities on the number line as well as identifying the similarities and differences found when solving linear inequalities when compared to linear equations.


Independent practice
1. Distribute Appendix B ‘Faded examples’ to extend student understanding of solving linear inequalities to include linear models.
Display slide 16, which revisits the canteen lunches inequality first introduced on slide 9, for students to attempt. The partial solution is revealed through animation.
Conduct a Think-Pair-Share (bit.ly/thinkpairsharestrategy) discussion around whether the inequality makes sense in the context of the question.
Guide students to recognise that the number of lunches cannot be negative, meaning the context restricts the solution to .
Animate the slide to show the solution, considering the context.


Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge
Allow students who cannot recognise the domain and range from the function to represent each function as a graph or table of values.
The provided equations can be adapted to suit the needs of the students, either simpler examples or more challenging examples. 
Connecting learning 
An alternative to this diagram could be drawn on the whiteboard with the vector drawn above the line if students in your context are unlikely to have multiple colours.
Offer simpler inequalities on slide 4 of the PowerPoint, for example only positive integers, for students needing support.
Appendix A can be adjusted by removing the pronumerals as an initial step to scaffold the task. 
If using slide 5 in isolation, students could complete the activity using mini whiteboards (bit.ly/miniwhiteboards).
Releasing responsibility
Students can be provided with sentence starters or word banks when writing notes to their future forgetful selves.
Independent practice
To support students, a short recap on the properties of square roots might be needed. For example,  is only defined for . 
Provide a number line or simple sketch prompts to support students’ understanding of the domain and how this restricts the function.
Suggested opportunities for assessment
Activating prior knowledge 
As students work, circulate to listen for mathematical reasoning, correct terminology and clarity of representation.
Connecting learning 
As students work in pairs, circulate and listen for mathematical language and reasoning about direction of inequalities.
Use the final discussion to clarify key ideas and assess understanding collectively. Use student responses to identify who may need additional support.
Releasing responsibility
Monitor student responses during the ‘Your turn’ step. Take note of who applies the rule correctly when multiplying/dividing by a negative, and who needs prompting or further support.
Appendix B can be collected to check students’ understanding of solving problems involving inequalities. 
Students’ notes to their future forgetful selves can be reviewed to assess their understanding of solving inequalities and graphing the solution on a number line. 
Independent practice
Use student responses to the independent practice questions to check for:
correct identification of domain and range
logical reasoning behind their answers
use of appropriate mathematical language and notation.


[bookmark: _Appendix_A]Appendix A 
Investigating inequalities
For each of the questions below: 
1. Start with the given inequality.
1. Follow the instructions to create a new inequality. 
1. With your partner, predict whether the solution set will be the same or different from the original. 
1. Check your prediction by testing a few values of  in both inequalities.
1. Record whether the inequality stayed the same or changed direction and explain why you think that happened.
	Add  to each side.

	Add  from each side.


	Multiply each side by .

	Multiply each side by .


	Divide each side by .

	Divide each side by .
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Faded examples
	Question 1
	Question 2
	Question 3

	Noura uses 1.2 GB of data per hour streaming movies. She has used 15.6 GB of her monthly allowance and has 50 GB of data in her plan. How many more hours can she stream?



[image: The solution x<= 28 2/3 graphed on a number line. ]
She can stream for no more than an additional  hours and 40 minutes.
	Liam puts a 23°C drink in the freezer, where it cools by 3°C each minute. He doesn't want it to freeze. The drink freezes at 0°. How long can he leave it in the freezer?



[image: A blank number line. ]
	The SRC has raised $400 and earns $80 per bake sale. They want to raise at least $1000. Write and solve an inequality to show how many bake sales they need to run.


[image: A blank number line. ]




	Question 4
	Question 5

	A chemical cools by 4°C per hour from 10°C. It must stay above –2°C. Write and solve an inequality for the number of hours, , it can remain cooling.

[image: A blank number line. ]
	Inflation is currently 5.5% p.a. and is falling by 0.3% each quarter. The Reserve Bank of Australia will stop considering rate increases once inflation drops below 3%. Write an inequality to determine when this is expected to happen.
[image: A blank number line. ]
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Sample solutions
Appendix A – investigating inequalities
The inequality resulting from simplifying .
[image: A number line with an open circle at the value of 2 and a red arrow pointing to the left.]
	1. Add  to each side. 

this becomes	 
Testing values, statement is true for 3, 4, 5 …
∴ The inequality direction is unchanged.
	Add  from each side. 

this becomes	 
Testing values, statement is true for 3, 4, 5 …
∴ The inequality direction is unchanged.

	Multiply each side by . 

this becomes 	
Testing values, statement is true for 3, 4, 5 …
∴ The inequality direction is unchanged.
	Multiply each side by . 

this becomes 	
Testing values, statement is true for 3, 4, 5 …
∴ The inequality direction has changed.

	Divide each side by . 

this becomes	
Testing values, statement is true for 3, 4, 5 …
∴ The inequality direction is unchanged.
	Divide each side by . 

this becomes 	
Testing values, statement is true for 3, 4, 5 …
∴ The inequality direction has changed.



Appendix B – faded examples
	Question 1
	Question 2
	Question 3

	Noura uses 1.2 GB of data per hour streaming movies. She has used 15.6 GB of her monthly allowance and has 50 GB of data in her plan. How many more hours can she stream?



[image: The solution x <= 28 2/3 graphed on a number line. ]
She can stream for no more than an additional  hours and 40 minutes.
	Liam puts a 23°C drink in the freezer, where it cools by 3°C each minute. He doesn't want it to freeze. The drink freezes at 0°. How long can he leave it in the freezer?



[image: The solution x < 7 2/3 graphed on a number line. ]
The drink must be in the fridge for less than  minutes and 40 seconds.
	The SRC has raised $400 and earns $80 per bake sale. They want to raise at least $1000. Write and solve an inequality to show how many bake sales they need to run.



[image: The solution x>= 7.5 graphed on a number line. ]
The SRC needs to run at least 8 bake sales.




	Question 4
	Question 5

	A chemical cools by 4°C per hour from 10°C. It must stay above –2°C. Write and solve an inequality for the number of hours,  it can remain cooling.



[image: The solution x < 3 graphed on a number line. ]
The chemical has less than 3 hours before it is unsafe.
	Inflation is currently 5.5% p.a. and is falling by 0.3% each quarter. The Reserve Bank of Australia will stop considering rate increases once inflation drops below 3%. Write an inequality to determine when this is expected to happen.

[image: The solutions x>= 8 1/3 graphed on a number line. ]
The RBA should stop considering rate increases after 9 quarters.
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