
Complements to you
Students start by exploring complementary angles before being introduced to how to denote perpendicular lines. 
Students will need at least one digital device per pair to interact with GeoGebra during this lesson.
Visible learning
Learning intentions and success criteria should be shared with students later in the learning episode.
Learning intention
To be able to use the terms perpendicular and complementary to describe angles.
Success criteria
I can explain what a complementary angle is.
I can use complementary angles to find unknown values.
I can describe and identify symbols that represent perpendicular lines.


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
· applies angle relationships to solve problems, including those related to transversals on sets of parallel lines MA4-ANG-C-01
· identifies and applies the properties of triangles and quadrilaterals to solve problems 
MA4-GEO-C-01
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategy
	Teaching points

	Launch
	Use slide 3 from the PowerPoint Complements to you to show miter joints and ask students what they notice and wonder.
	Pose-Pause-Pounce-Bounce
	Students are introduced to 2 angles meeting to form a right angle.

	Explore
	Students complete the ‘Complementary & Supplementary Angles (Exploration)’ activity in the GeoGebra applet (bit.ly/angle-exploration) before defining complementary angles. Students play the game ‘Closest to 250’ from Appendix A.
Students then look at the perpendicular symbol to denote lines.
	Pose-Pause-Pounce-Bounce
Think-Pair-Share
	Students use the terminology ‘complementary angles’ to describe angles that add to  then apply that knowledge.
Students should notice that calling angles that meet at right angles and lines that meet at right angles have different terms to describe them.

	Summarise
	Students complete the hinge point questions on perpendicular line on slides 6–11 of the PowerPoint before completing the Frayer diagrams in Appendix B.
	Think-Pair-Share
Mini whiteboards
	The purpose of section is the assess student understanding of complementary angles and perpendicular lines.

	Apply
	Complete tasks from the Starting Point Maths activity (bit.ly/complementaryangles1).
	Talk moves
	Students solve geometry problems involving complementary angles, with the problems increasing in complexity.



Activity structure
Please use the associated PowerPoint Complements to you to display images in this lesson.
Launch
1. Display slide 3 of the PowerPoint Complements to you, which displays 2 images of miter joints. Ask students what they notice and wonder (bit.ly/noticewonderstrategy).
Students should notice that each joint creates a right angle and may wonder what angles are needed to make a miter joint.
1. Using the Pose-Pause-Pounce-Bounce questioning strategy (PDF 557 KB) (bit.ly/posepausepouncebounce), start a class discussion using the following prompts:
What size do each of the angles need to add to, so the angles make a corner for a frame?
Can you think of different angle combinations that would form a corner? How did you find them?
Explore
1. With one digital device between pairs of students, have students open the GeoGebra applet ‘Complementary & Supplementary Angles (Exploration)’ (bit.ly/angle-exploration).
2. Ask students to engage with the applet and complete the questions under the heading Complementary angles.
To collect student responses as evidence of learning you can set up a GeoGebra classroom or Google classroom. More advice on how to do this can be found on the website ‘Assign GeoGebra Resources’ (bit.ly/geogebrahelp).
Using the Pose-Pause-Pounce-Bounce questioning strategy, ask students to share their responses to the first question to help create a class definition for complementary angles.
The syllabus glossary states that complementary angles are 2 adjacent angles that form a right angle. That is, the sum of the angles measured in degrees is 90°.
In a Think-Pair-Share, ask students how we would know if 2 adjacent angles make a right angle.
Students should state that if the 2 angles add to 90°.
1. In pairs, distribute Appendix A ‘Closest to 250’ and 2 dice. Appendix A includes the following game instructions.
There are 2 columns provided for each player on the game sheet. One for the angle you rolled and the other for the complement of that angle.
Player 1 is the youngest person in the pair, Player 2 is the oldest.
Player 1 is to roll the 2 dice. These numbers will be used to represent the size of the angle.
Select what number you would like to use for your angle. For example, if you rolled a 5 and a 1, you could choose your angle to be either 15 or 51.
Once you have filled in your angle, write the complement of that angle in the next column.
Person 2 then takes their turn.
This process is repeated until each player has 5 rolls.
The aim after 5 rolls, is to see whose total for their complement column is closest to 250.
1. Using the Pose-Pause-Pounce-Bounce questioning strategy, ask students what the best strategy was to get closest to 250.
1. Display slide 5 from the PowerPoint Complements to you, which shows the perpendicular symbol.
1. Initiate a sharing of ideas and reasoning using the Pose-Pause-Pounce-Bounce questioning strategy and the following prompts:
What do we think the symbol represents? How did we come to that conclusion?
What would the size of  be? Why?
How does this relate to complementary angles?
Students should conclude that the symbol means that the lines meet at right angles or that they are perpendicular. Complementary angles are ones that add to 90. If students did not use the word perpendicular they should be reminded of the term.
The syllabus glossary states that perpendicular is when 2 lines, rays, line segments, vectors, planes, or other objects intersect at a 90° angle (a right angle).
Students should have explored recognising perpendicular lines in Stage 3 – Geometric measure B.
Summarise
1. In a Think-Pair-Share (bit.ly/thinkpairsharestrategy), ask students where we may find perpendicular lines.
Students could link back to the shapes explored in Unit 6 – triangles and quadrilaterals, Unit 10 – investigating triangles or real-world scenarios such as a wall meeting the floor or the corner of a book.
Display slides 6–11 of the PowerPoint to show 6 multiple choice questions. 
In a Think-Pair-Share, using mini whiteboards (bit.ly/miniwhiteboards) between each pair, ask students to select an answer to each multiple-choice question reasoning their response.
Slide 6 can be used as an example before continuing the activity. 
Some questions are included to draw on prior knowledge from Unit 6 – triangles and quadrilaterals and Unit 10 – investigating triangles, these can be omitted if not explored previously.
Ask random students to explain why they selected their answer or did not select one of the other answers.
1. Distribute Appendix B ‘Frayer diagrams’ for both perpendicular lines and complementary angles. Students are to individually complete the Frayer diagrams (bit.ly/frayerdiagram).
Apply
1. Download, print and cut into tasks the Starting Points Maths activity ‘Complementary Angles’ (bit.ly/complementaryangles1).
Make sure you download the document as there are more tasks than what is given in the preview on the website. There are at least 6 tasks per colour, each consisting of 3 or more questions for students to complete.
1. Tell students to select the tasks they would like to attempt, completing at least one from each section (red, blue and green).
Alternatively, the teacher can select which questions students attempt or assign students random questions.
1. Students are to pair up with another student who has completed different tasks and alternate explaining their solutions to each other. Prompt students to ask their partner clarifying questions if they don’t understand.
If students struggle with making conversation it is suggested to provide them with prompts from the Talk moves flashcards (bit.ly/classroomtalkmoves).

Assessment and differentiation
Suggested opportunities for differentiation
Launch
The Launch uses a notice and wonder so it has no correct answers. All students should be able to access the activity.
To build their confidence, students could practice their answers before sharing with the class in a Think-Pair-Share.
Explore
Students may benefit from first revising inverse operations and solving one step equations explored in Lesson 10 – inverse journeys of Unit 4 – additive thinking.
Challenge students to connect complementary angles to the angles made by diagonals in different size rectangles to relate back to miter joints.
Summarise
Students may need to be reminded about the difference between a line, ray and interval explored in Lesson 1 – draw it out of Unit 11 – geometrical relationships.
Challenge students to explain why all other answers are incorrect in the multiple-choice questions.
To enable students, provide them with examples and non-examples to form their definitions and characteristics in their Frayer diagrams.
Challenge students to include non-examples in their Frayer diagrams that could be mistaken for complementary angles.
Apply
Students can be given categories they can ask feedback on relating to the Working mathematically outcome, such as their use of terminology, the explanation of their answer to demonstrate their level understanding, or how well they justified their solution.


Suggested opportunities for assessment
[bookmark: _Hlk147833561]Launch
Students will show their ability to recognise right angles in real life through their responses to the question prompts.
Explore
Monitor student responses in Appendix A to check for understanding of finding a complementary angle.
Students will demonstrate their Working mathematically skills in discussions and justifications.
Summarise
Multiple choice questions show student understanding that the term perpendicular refers to lines and how to correctly write statements that use the symbol in a variety of contexts.
Review students’ Frayer diagrams to check their understanding of definitions for perpendicular lines and complementary angles.
Apply
Collect student responses to the Starting Point Maths activity as evidence of learning.
Students provide each other with peer feedback in the guided feedback chat.


[bookmark: _Appendix_A]Appendix A
Closest to 250
Instructions
There are 2 columns provided for each player on the game sheet. One for the angle you rolled and the other for the complement of that angle.
Player 1 is the youngest person in the pair, Player 2 is the oldest.
Player 1 is to roll the 2 dice. These numbers will be used to represent the size of the angle.
Select what number you would like to use for your angle. For example, if you rolled a 5 and a 1, you could choose your angle to be either 15 or 51.
Once you have filled in your angle, write the complement of that angle in the next column.
Person 2 then takes their turn.
This process is repeated until each player has 5 rolls.
The aim after 5 rolls, is to see whose total for their complement column is closest to 250 wins.
Game board
	Player 1 – angle
	Player 1 – complement
	Player 2 – angle
	Player 2 – complement
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[bookmark: _Appendix_B_1]Appendix B
Frayer diagrams
[image: Frayer diagram for perpendicular lines.]
[bookmark: _Appendix_B][image: Frayer diagram for complementary angles.]

Sample solutions
Multiple choice questions
1. C – as both statements are correct, one written with symbols and the other with words.
2. B – as the perpendicular symbol is used with lines and must meet at 90.
3. C – as this is a Pythagorean triad which means there is a right angle opposite the longest side.
4. C – as angles on a straight line are 180, so , which means .
5. A – as diagonals of a kite meet at right angles/are perpendicular.
6. B – as  and are adjacent with a common arm.

Appendix B – Frayer diagrams
[image: Completed Frayer diagram for perpendicular lines.]
[image: Completed Frayer diagram for complementary angles.]
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