
Parallel and perpendicular lines
Students deepen their understanding of the gradient of perpendicular lines and use this to find equations of lines a variety of ways. 
Learning intentions and success criteria are shared during the ‘Connected learning’ section of this lesson.
Learning intention
To be able to find the equation of a line that is parallel or perpendicular to a given line.
Success criteria
I can find a gradient of a line parallel to another.
I can find the gradient of a line perpendicular to another.
I can justify why 2 lines are parallel or perpendicular.
I can find the equation of a line parallel or perpendicular to a given line, using a point and gradient.


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 
uses functions and relations to model, analyse and solve problems MAV-11-02
Content
Linear functions
Find the equation of a line that is parallel or perpendicular to a given line
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Table 1: lesson summary 
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Retrieval practice
	Using Appendix A, students identify whether the given information corresponds to a straight line and find the gradient if applicable.
	
	Prompt students to find the gradient of colinear points to show they are linear. 

	Activating prior knowledge
	Parallel lines are revisited using an Open Middle problem. Student use digits 0–9 (one digit repeated) and Appendix B to find 4 points that form a pair of parallel lines. They then repeat the activity without repeating digits.
	Visibly random groups of 3
Vertical non-permanent surfaces
Gallery walk
Pose-Pause-Pounce-Bounce
Open Middle
	Students learned that parallel lines have the same gradient in Stage 5.

	Connecting learning
	Students construct a line and find the midpoint using different coordinate pairs (Appendix C). They construct a perpendicular line and find the gradient. The Amplify Classroom (bit.ly/perpendicular_lines) confirms the relationship between the gradient. Students see the rule (slide 3–4) as if-then statements and make if-then statements for parallel lines. They practise finding gradients using slide 6–7.
	Visibly random groups of 3
Vertical non-permanent surfaces
Gallery walk
Pose-Pause-Pounce-Bounce
Think-Pair-Share
	Different pairs of points allow different pairs of gradients to be found, helping students recognise the change in sign and reciprocal gradient.

	Releasing responsibility
	Slides 9 and 10 focus on explicitly teaching how to find lines that are parallel to a given line. Students compare alternate methods using slide 11 before making notes. Students use Appendix D to write notes. 
	
	Worked example (Your turn)
Think-Pair-Share
Notes to future forgetful selves
Visibly random groups of 3
Vertical non-permanent surfaces
	The point gradient formula and gradient intercept formula are used in comparison.

	Independent practice
	Students complete an Open Middle problem using slide 13. Students justify why the current Open Middle problem will not work for parallel lines. Students use Appendix E to combine parallel and perpendicular lines and geometric figures.
	Visibly random groups of 3
Vertical non-permanent surfaces
Gallery walk
Think-Pair-Share
Open Middle
	When the equation in general form is manipulated in the Open Middle problem to gradient intercept form, the gradient will become negative. 



Activity structure
Please use the associated PowerPoint Parallel and perpendicular lines to display images in this lesson. 
Parallel and perpendicular lines are studied in Stage 5 Linear relationships A Core outcome 
MA5-LIN-C-01 and Linear relationships B Core outcome MA5-LIN-C-02. This lesson focuses on deepening students conceptual understanding of perpendicular lines. Finding the equation of the line using parallel and perpendicular lines will be revisited after students learn to differentiate, Lesson 2 – tangents and normals of Unit 6 – differentiation techniques and applications.
Retrieval practice
Distribute Appendix A ‘Straight or not’ to pairs of students. 
Instruct students to work through each item and decide whether each equation or description represents a single straight line. Students should justify their decisions using their understanding of straight-line properties (for example, a constant gradient, lines in the form  or collinear points).
Have students find the gradient for the equations or descriptions that identify as a single straight line. 
Have each pair join with another pair to form a small group. Ask them to compare their responses. If there are any differences, students should explain and justify their reasoning to reach a shared understanding.
Activating prior knowledge
1. Assign students to visibly random groups of 3 (bit.ly/visiblegroups) at vertical non-permanent surfaces (bit.ly/VNPSstrategy). 
Distribute an A3 sized printout of Appendix B ‘Cartesian plane’ in a plastic sleeve with adhesive putty.
Direct groups to use the digits 0–9, at most once except for one digit which can be used twice. They are to create 4 points that will produce a pair of parallel lines. This task is adapted from an Open Middle problem (openmiddle.com/). 
[bookmark: _Hlk206406937]Possible solutions include or .
Have groups use their points to find the gradient of each line. 
Allow groups time to do a gallery walk (bit.ly/DLSgallerywalk) observing the gradients of other groups and notice any relationship between the gradients of the pairs of parallel lines. 
Use the Pose-Pause-Pounce-Bounce questioning strategy (PDF 557 KB) (bit.ly/posepausepouncebounce) to make a connection between the gradients of parallel lines. 
Students learned that parallel lines have equal gradients in Stage 5 Linear relationships A core outcome MA5-LIN-C-01.
Direct groups to repeat step 3 from above but this time no digit can be used more than once. Have students confirm they are parallel by finding the gradients.
Possible solutions include or  
Connecting learning
1. Give each group of 3 a different pair of coordinates from Appendix C ‘Coordinate pairs’.
Ask students to plot a line by marking their points on their Cartesian plane and drawing a straight line through both points. They are to label this Line 1.
Have students calculate the gradient of Line 1 and label this gradient . 
Have students find the midpoint of the 2 points and construct a line through the midpoint that is perpendicular to Line 1. Label this Line 2.
To make Line 2 perpendicular, students could either use a protractor, a pair of compasses or align it with a right-angled object, like the edge of a book or a ruler.
Have students calculate the gradient of Line 2 and label this gradient .
Students should leave the gradients of  and  in fraction form so they can observe the relationship between them more easily.
Allow groups time to do a gallery walk observing other groups’ gradients and notice any relationship between the gradients of Line 1 and Line 2.
Use the Pose-Pause-Pounce-Bounce questioning strategy to link the relationship between gradients of perpendicular lines. 
Each pair of coordinates have different gradients giving a variety for students to observe. Students should observe that in each pair one gradient was positive and the other was negative, the fractions were reciprocals of each other, and the product of their gradients was −1. 
Bring the class back together and display the Amplify Classroom activity ‘Perpendicular lines’ (bit.ly/perpendicular_lines).
Navigate to screen 2 of the activity and inform students that the 2 lines are perpendicular. Ask students to record the gradient of the 2 lines using  and . 
The first line’s gradient is  and the second line has a gradient 
Outline the language used by telling students that we describe the second gradient as the negative reciprocal of the first. 
Display slide 3 of the PowerPoint to reveal 2 if-then statements linking the gradients of 2 perpendicular lines.
In a Think-Pair-Share (bit.ly/thinkpairsharestrategy), have students discuss what an if-then statement is and if each works in this scenario. 
In another Think-Pair-Share, have students write 2 if-then statements for parallel lines. Use slide 4 to display the statements for students at the conclusion of the share.
Reveal the learning intentions and success criteria for the lesson by displaying slide 5.
Display slide 6 and have students complete the table by finding equations of lines that are parallel, perpendicular or an interesting neither for the given gradient. Slide 7 can be used to display sample answers. 
The ‘interesting neither’ is to alert students to common misconceptions and mistakes regarding gradients of parallel and perpendicular lines.
Students could be challenged to find as many equations as they can.
Invite students to share the different methods they know for finding the gradient. Use the Pose-Pause-Pounce-Bounce questioning technique to explore and discuss the various approaches together.
Students should recognise from previous lessons that they can find gradient using , using first principles or by finding the gradient of a secant very close to the point. 
Releasing responsibility
1. Use slides 9–10 of the PowerPoint to model how to find the equation of a line perpendicular to a given equation through a given point using the Worked example (Your turn) ((bit.ly/supportingstrategies) method. Animate the slides to reveal self-explanation prompts and solutions. 
Display slide 11 modelling 2 correct but different solutions. Have students compare the 2 methods using a Think-Pair-Share.
The first method uses the point gradient formula to find the equation of the line whereas the second uses the gradient intercept formula. This activity aims to show students that either method is acceptable and will result in the same answer. 
Have students practise parallel and perpendicular line questions from an existing resource using equations presented in both gradient intercept form and general form.
Assign students to new visibly random groups of 3 and ask them to complete Four quadrant notes to their future forgetful selves (bit.ly/supportingstrategies) from Appendix D ‘Four quadrant notes’ on a vertical non-permanent surface.
Independent practice
1. Back in their random groups of 3 at vertical non-permanent surfaces, have students complete the Open Middle questions from slide 13. Students can reuse digits in this problem. 
Students should do a gallery walk to see other group’s solutions and check if they are correct.
2 perpendicular lines are and .
Still referencing the Open Middle problem from slide 13, in a Think- Pair-Share ask students to consider why finding 2 parallel lines is not possible. 
When the equation in general form is manipulated to gradient intercept form, the gradient will become negative. The gradients therefore will have different signs and cannot be parallel. 
Distribute Appendix E ‘Shapes and gradients’ to students and have them complete the 4 questions. 
· 

Assessment and differentiation
Suggested opportunities for differentiation
Retrieval practice
Students may need reminding of the different methods to find straight lines. 
This task can be simplified to contain only questions using the gradient intercept form or general form and ask students to find the gradient of each.
Activating prior knowledge
Less ready students could be given one line and asked to find only 2 points that produce a second, parallel, line.
Challenge students by asking them to find 3 parallel lines using 2 digits more than once.
Connecting learning
Less ready students may focus primarily on identifying the relationship between the gradients of perpendicular lines, rather than working with if-then statements.
Students can be extended to find the gradient using different methods. 
Releasing responsibility
The worked example could be modified so that the question are presented in general form. 
Students can be extended to find the gradient using different methods. 
Independent practice
Students may benefit from graphing the equations of the lines in Appendix E with or without digital tools.
Students could be encouraged to find equations of lines that create geometric shapes.


Suggested opportunities for assessment
Retrieval practice
Use students’ responses to assess their understanding of finding the gradients of straight lines presented in different forms. 
Activating prior knowledge
Monitor students’ responses to evaluate their understanding of the characteristics that define parallel lines.
Assess students’ ability to justify and communicate their mathematical thinking by examining their explanations of why the lines are parallel.
Connecting learning
Review completed tables from slide 6 of the PowerPoint to check students’ ability to find gradients of lines parallel and perpendicular to a given gradient.
Use questioning during Pose-Pause-Pounce-Bounce to probe understanding of gradient relationships and conditional statements
Releasing responsibility
Students’ Four quadrant notes could be used to assess their ability to find lines parallel or perpendicular to another line. 
Independent practice
Appendix E could be used to assess students’ ability to justify and reason using parallel and perpendicular lines gradients. 


[bookmark: _Appendix_A]Appendix A 
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[bookmark: _Appendix_B]Appendix B
Cartesian plane
[image: A Cartesian plane between -10 and 10.]
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Coordinate pairs
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[bookmark: _Appendix_D]Appendix D
[bookmark: _Appendix_E]Four quadrant notes
	Example 1
Find the equation of the line perpendicular to  and through the point 


	Example 2
Find the equation of the line perpendicular to  and through the point 

	Things to remember 
	Example 3




[bookmark: _Appendix_E_1]Appendix E
Shapes and gradients
	These 3 lines create a triangle. 
Justify why this triangle is a right-angled triangle.

	These 4 lines create a quadrilateral. 
Determine the type of quadrilateral and justify with relevant calculations. 

 

	Determine the shape formed by joining the points 
Justify your answer.

	These 4 lines intersect to form a trapezium. Find an equation that could represent the perpendicular height.

 




Sample solutions
Appendix A – straight or not
1. Straight line 
1. Straight line 
1. Straight line 
1. Straight line 
1. Straight line 
1. Not a straight line 
1. Straight line 
1. Not a straight line
1. Not a straight line
1. Not a straight line
1. Straight line  
1. Straight line  
1. Straight line 


Appendix C – coordinate pairs
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Appendix D – Four quadrant notes
	Example 1
Find the equation of the line perpendicular to  and through the point 



	Example 2
Find the equation of the line perpendicular to  and through the point 







Appendix E – shapes and gradient
	These 3 lines create a triangle. 
Justify why this triangle is a right-angled triangle.
   
Since  this is a right-angled triangle.
	These 4 lines create a quadrilateral. 
Determine the type of quadrilateral and justify with relevant calculations. 

   
There are 2 pairs of parallel and 2 pairs of perpendicular lines, therefore this is a rectangle. 

	Determine the shape formed by joining the points 
Justify your answer.
  

Since  ABCD must form a kite or rhombus. 
The size of each side is equal, making this a rhombus.

	These 4 lines intersect to form a trapezium. Find an equation that could represent the perpendicular height.

The 2 parallel sides . The gradient of the perpendicular height must be . 
 is an equation of the perpendicular height. 
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