
Solving equations
Students will explore linear equations and their graphs, recognising that there are an infinite number of ordered pairs that satisfy a linear relationship and that each point on the graph of a linear relationship satisfies the equation of the line.
Students will need at least one digital device per pair to interact with Desmos during this lesson.
Visible learning
Learning intention
To understand the relationship between a straight-line graph and its equation.
Success criteria
I can substitute values into an equation.
I can explain why there are an infinite number of ordered pairs that make up a linear graph.
I can solve an equation algebraically.
I can solve an equation graphically.


Syllabus 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
creates and displays number patterns and finds graphical solutions to problems involving linear relationships MA4-LIN-C-01
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Launch
	Students are given a scenario involving temperature in degrees Fahrenheit and degrees Celsius for 2 different places and shown a map of the world from slide 3 of the PowerPoint Solving equations (SE PPT) and asked what they notice and wonder.
	Notice and wonder
	Recognise that the temperatures are different, despite being the same number. Consider how the temperatures might be compared.

	Explore
	Students complete the Desmos Classroom activity ‘Linear relationships’ (bit.ly/analysingpatterns), where students generate output and graph points. In Appendix A they determine if points lie on a pair of straight lines. They return to the Desmos Classroom activity to use a slider to solve an equation.
	Think-Pair-Share
Notice and wonder
Pose-Pause-Pounce-Bounce
	Understand that all types of numbers can be substituted into an equation and that pairs of numbers that satisfy a linear equation form a straight line.

	Summarise
	Students are asked to solve an equation graphically and algebraically using slides 5–12, in the PowerPoint (SE PPT) and then return to the Desmos Classroom activity to solve equations.
	Worked examples (Your turn)
	Recognise that equations can be solved both graphically and algebraically.

	Apply
	Students return to the Desmos Classroom activity and the scenario from the Launch. They convert the temperature from degrees Fahrenheit to degrees Celsius.
	
	Students understand that they can use an equation or graph to compare values.
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Activity structure
Please use the associated PowerPoint Solving equations (SE PPT) to display images in this lesson.
Launch
Display slide 3 of the PowerPoint Solving equations (SE PPT).
In a class discussion, ask students what they notice and wonder.
Students might notice that the temperatures have the same number value, but one is in degrees Celsius and the other is in degrees Fahrenheit.
Students might wonder where Fargo, North Dakota is, what degrees Fahrenheit and degrees Celsius mean, what the equivalent of 37 degrees Fahrenheit is in degrees Celsius and vice versa.
Students will return to this scenario later in the lesson.
Explore
1. Distribute one device to each pair of students. 
1. Assign the Desmos Classroom activity ‘Linear relationships’ (bit.ly/analysingpatterns).
Before completing this activity, you will need to set up a Desmos Classroom (bit.ly/createdesmosclassroom) and use the pacing feature to restrict the students to screen 2.
1. Display screen 2 and ask students to predict what number will come out of the function machine if we put the number 1 into the machine. Students could record their predictions on a mini whiteboard or in their workbooks.
1. Demonstrate how to use the function machine by dragging the ‘1’ tile to the left-hand side of the function machine. 
The function machine will display a dotted outline when the tile is moved to the correct area. The number tile will pass through the function machine and will output a number from the right side of the machine. 
Figure 1: inputting a number into a Desmos function machine
[image: A screenshot showing a number being input into a function machine on Desmos.]
Image created using Desmos and is licensed under the Desmos Terms of Service.
Fill in the second row of the table with the input number and output number from the function machine.
1. Give students time to put other numbers through the function machine and complete the table, using their own device.
1. In a Think-Pair-Share (bit.ly/thinkpairsharestrategy), ask students to discuss what they noticed and what they wonder about the activity.
1. Students can create their own numbers to put through the machine, by typing their number into the grey number card on the left side of the screen.
Figure 2: creating a new number tile
[image: A picture showing tiles from Polypad. There is a grey rectangle showing where students can enter their own numbers and a blue tile that shows what the tile will look like when a number is entered.]
Image created using the free virtual manipulatives from Polypad by Amplify.
Students might notice that the input numbers are doubled and 1 is added to create the output, points are plotted on the line shown on the number plane, and the numbers used in the machine can be positive or negative, decimals, fractions and integers.

Students may wonder if all numbers, not just the ones shown on the number plane, could be put into the function machine to create a pair of numbers that could be graphed on the number line. They may also wonder if irrational numbers such as  would work.
1. Use the Pose-Pause-Pounce-Bounce questioning strategy (PDF 557 KB) (bit.ly/posepausepouncebounce) for pairs to share what they noticed during the activity.
Discussion should highlight that the relationship between the numbers entering the function machine, and the output of the machine, can be represented as a table of values, graph or rule/equation.
1. Distribute Appendix A ‘Points on a line’ to pairs of students and ask them to complete the table.
1. Ask students assessing and advancing questions (bit.ly/supportingstrategies) to further student thinking. Some suggestions are provided in the following table.
Table 2: assessing and advancing questions
	Assessing questions
	Advancing questions

	How did you decide if a point lies on one of the lines?
	Is the graph or the equation more accurate when checking if points lie on a line?

	What do you notice about the points that lie on both lines?
	How many points lie on each line?

	How can you tell if a point does not lie on either line?
	Can you create your own point that lies on both lines?

	If a point was too big for the graph, what did you do?
	How many points lie on both lines?


Initiate a sharing of ideas and reasoning using the Pose-Pause-Pounce-Bounce questioning strategy.
Discussion should highlight different ways of determining if a point lies on a line, and that there are an infinite number of points that lie on a line.
1. Ask students to return to the Desmos Classroom activity and complete the next activity, on screen 3.
You will need to adjust the pacing feature in the Desmos Classroom activity to allow access to screen 3.
Students can click on the point to reveal its coordinate.
Allow students to revisit incorrect answers and encourage them to consider other ways to determine the correct solution.
1. Initiate a sharing of ideas and reasoning using the Pose-Pause-Pounce-Bounce questioning strategy. Some useful question prompts may include:
How did you use the slider to complete the table?
Why is the point always on the line?
What strategy did you use for the value  to ensure you were correct?
Encourage students to recognise that all the points share the same relationship, which is the equation of the line and that the number of points on the line is infinite in both directions.
Summarise
1. Use slides 5−12 of the PowerPoint (SE PPT) for explicit teaching of solving equations graphically and algebraically using the Worked examples (Your turn) method (bit.ly/supportingstrategies).
1. Ask students to return to the Desmos classroom activity and complete the activities on screens 4 and 5. Students should be encouraged to find the solution through substitution, and only use the graph to check their answers.
You will need to adjust the pacing feature in Desmos classroom activity to allow access to screens 4 and 5. Students can see coordinates on the line if they click on the line, hold and drag.
Appendix B ‘Solving equations’ has been provided as a non-digital alternative.
1. In a class discussion, ask students to explain the strategies they used to solve the equations. Some useful question prompts may include:
When is it easier to solve the equation graphically?
When is it easier to solve the equation algebraically?
How can we ensure our solution is accurate?
Apply
Return to the scenario from the Launch and ask students to use screen 6 of the Desmos Classroom activity to answer the Launch question.
You will need to adjust the pacing feature in the Desmos Classroom activity to allow access to screen 6.
1. 

Assessment and differentiation
Suggested opportunities for differentiation
Launch
A notice and wonder activity has no correct answers and provides an opportunity for all students to participate.
Explore 
In a Think-Pair-Share, the ownership of answers is with a pair of students when sharing with the whole group, helping students feel more comfortable and confident to contribute.
To support students, the equation used by the function machine can be made visible.
A notice and wonder activity has no correct answers and provides an opportunity for all students to participate.
Students may benefit from practising plotting points, which is the focus of Lesson 1 – plotting points in this unit.
Extend students to consider when a graph is appropriate and when an algebraic solution is necessary.
Challenge students to solve an equation and construct the graph of the equation.
Summarise
Extend students by providing alternative equations and graphs or points to test.
Apply
Challenge students to use points on the graph to derive the equation.
Ask students to compare the graph for converting degrees Fahrenheit to degrees Celsius with the graph for converting degrees Celsius to degrees Fahrenheit.


Suggested opportunities for assessment
[bookmark: _Hlk147833561]Explore
The teacher dashboard in the Desmos Classroom activity allows teachers to collect evidence of student learning.
The teacher can monitor responses in the Desmos Classroom activity and in the discussions following to determine the extent of student understanding.
Appendix A could be collected as evidence of learning towards Unit 14 – analysing patterns.
Summarise
The teacher dashboard in the Desmos Classroom activity allows teachers to collect evidence of student learning.
Students will demonstrate their Working mathematically skills in discussions and justifications.
Apply
The teacher dashboard in the Desmos Classroom activity allows teachers to collect evidence of student learning.

[bookmark: _Appendix_A]Appendix A − points on a line
The equation of line AB is  and the equation of line CD is .
[image: Line AB follows the equation y = 2x+1 and line CD follows the equation x+y = 4 on a Cartesian plane.]
Determine if the following points lie on the line AB, the line CD or neither.
	Point
	Lies on AB
	Lies on CD
	Doesn’t lie on either

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	




Appendix B − solving equations
The diagram shows the graph of the equations  and . Use the diagram to complete the table.
	Question 
	Equation
	Solution

	1. 
	Solve  for .
	

	
	Solve  for .
	

	
	Solve  for .
	

	
	Solve  for .
	

	
	Solve  for .
	

	
	Solve  for .
	

	
	Solve  for .
	

	
	Solve  for .
	

	
	Solve  for .
	

	
	Solve  for .
	


[image: Graphs of the lines y=x+1, y=x+2, y=-2x+1 and y=3x-2.]

Sample solutions
Appendix A – points on a line
	Point
	Lies on AB
	Lies on CD
	Doesn’t lie on either

	
	no
	yes
	

	
	yes
	no
	

	
	no
	no
	yes

	
	no
	yes
	yes

	
	yes
	no
	

	
	yes
	yes
	

	
	yes
	no
	

	
	no
	no
	yes




Appendix B – solving equations
[image: Graphs of the lines y=x+1, y=x+2, y=-2x+1 and y=3x-2, with the points from the table labelled.]
	1. Solve  for .

	Solve  for .

	Solve  for .


	Solve  for .

	Solve  for .

	Solve  for .


	Solve  for .

	Solve  for .

	Solve  for 
.


	Solve  for .
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