
Pythagoras’ theorem
Students explore a visual representation of Pythagoras’ theorem and then apply the theorem to find the hypotenuse of right-angled triangles.
Visible learning
Learning intentions
To understand why Pythagoras’ theorem can be used to find the hypotenuse of right-angled triangles.
Success criteria
I can find the square root of a square.
I can explain why  using a visual representation. 
I can apply Pythagoras’ theorem to find the hypotenuse of a right-angled triangle.
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
solves linear equations of up to 2 steps and quadratic equations of the form  
MA4-EQU-C-01
applies Pythagoras’ theorem to solve problems in various contexts MA4-PYT-C-01
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	Section
	Summary of activity
	Teaching strategy
	Teaching points 

	Warm up
	Display slide 3 of the PowerPoint Pythagoras' theorem for students to discuss which triangle doesn’t belong.
	Think-Pair-Share 
Which one doesn’t belong 
	Activate and connect students’ prior knowledge of triangle properties.

	Launch
	Display the Make math moments unit ‘Squares to triangles’ (bit.ly/pythagorasunit) and show students the video Spark Curiosity.
	Notice and wonder 
	Connect Pythagoras’ theorem to area.

	Explore 
	The teacher continues to display and work through the Make math moments unit, with the option to use the Polypad activity ‘MMM ST Day 1 #3’ (bit.ly/polypadpythag).
Display or give students the Polypad activity ‘MMM ST Day 1 #4’ (bit.ly/polypadpythag2) to model the visual representation.
Distribute Appendix A to students to find the area of inside squares for similar diagrams.
	
	Construct a visual representation of Pythagoras’ theorem.


	Summarise
	Use slides 6–13 of the PowerPoint for explicit teaching of finding the hypotenuse of right-angled triangles 
	Worked examples (Your turn) (DOCX 420 KB) 
Notes to your future forgetful self 
	Transition from the visual representation to students abstractly solving problems with Pythagoras’ theorem.

	Apply
	Display slide 15 of the PowerPoint. Students measure the width and height of a classroom wall to calculate its diagonal length.
	Notice and wonder
	Students solve problems with Pythagoras’ theorem.




Activity structure
Please use the associated PowerPoint Pythagoras’ theorem to display images in this lesson.  
Warm up
Display Figure 1, which is available on slide 3 of the Pythagoras’ theorem PowerPoint.
Figure 1: Which one doesn't belong?
[image: 4 triangles.
Triangle 1 is right angled and has legs 4cm and 7cm and hypotenuse 6cm.
Triangle 2 is right angled and has legs 4cm and 4cm and hypotenuse 4cm.
Triangle 3 has an angle of 102 degrees opposite side length 11 cm. It also has side lengths of 4cm and 12 cm.
Triangle 4 is right angled and has legs 4cm and 3cm and hypotenuse 5cm.]
Students discuss in a Think-Pair-Share (bit.ly/thinkpairsharestrategy), which triangle doesn’t belong (bit.ly/wodb).
Use this activity as an opportunity to formatively assess students, and if necessary, teach properties and naming conventions of triangles. For example, students should identify that the hypotenuse should be the longest side in a right-angled triangle as it is opposite the largest angle. Labelling triangles using appropriate text and symbols is covered in Lesson 2 – Is that a triangle? of Unit 6 – triangles and quadrilaterals.


Launch
This activity is based on a unit of learning by Make math moments (bit.ly/pythagorasunit).
1. Explain to students that in today’s lesson they will be introduced to one of the most famous theorems in mathematics and that we will start by exploring why it works.
1. Display the Make math moments website (bit.ly/pythagorasunit) and show students the video under the heading Spark Curiosity.
1. In a Think-Pair-Share, ask students what they notice and wonder (bit.ly/noticewonderstrategy).
[bookmark: _Hlk169527313]Students might notice:
· there is a square inside another square
· there are right-angled triangles in each corner 
· there are 2 different sized triangles.
Students might wonder:
· Why are we watching this?
· How much smaller is the inside square?
· What does this have to do with Pythagoras’ theorem?


Explore
1. Display the image under the heading Estimation: Prompt (bit.ly/mmmestimation).
1. Pose the question to students:
How many of the small yellow squares will fit inside the inner square? 
1. Ask students to discuss in a Think-Pair-Share, an estimate of how many small yellow squares would fit inside the inner square.
1. Display Image #2 under the heading Fuel Sense-making (bit.ly/mmmsensemaking).
1. Students are to work in pairs to calculate how many of the small yellow squares will fit inside the inner square. They can approach the problem using a variety of strategies.
Students could use the Polypad activity ‘MMM ST Day 1 #3’ (bit.ly/polypadpythag), to show their thinking. Student sample solutions are available on the Make math moments website (bit.ly/pythagorasunit).
Students should find that the inner square would contain 400 small yellow squares.
Show students the video under the heading Next Moves (0:29) (bit.ly/mmmnextmoves). Replay the video, pausing at each transition to discuss the transition from visual to abstract representation.
Attention should be drawn to the empty space, as opposed to the orange triangles. The 2 squares  and  combine to take up the same space as , hence .
Explain to students that  is Pythagoras’ theorem. Use the video to define Pythagoras’ theorem as the sum of the squares made from the smaller sides of a right-angled triangle is equal to the square made from the longest side of a right-angled triangle.
The following Polypad activity ‘MMM ST Day 1 #4’ (bit.ly/polypadpythag2) can either be provided to students or used to model the visual representation.
1. Distribute Appendix A ‘Visual representation’ to students. In this Appendix students are to find the area of the inside square to verify Pythagoras’ theorem.  
Summarise
1. Display slide 5 of the PowerPoint Pythagoras’ theorem to teach students the terminology used for right-angled triangles.
Students should note that the hypotenuse is the longest side and opposite the right angle.
Use slides 6–13 of the PowerPoint Pythagoras’ theorem for explicit teaching of finding the hypotenuse of right-angled triangles using the worked examples (Your turn) method (DOCX 420 KB).
1. Students write notes to their future forgetful selves (bit.ly/notestofutureself) to summarise Pythagoras’ theorem for finding the hypotenuse of a right-angled triangle.
Apply
1. Display Figure 2, which is available on slide 15 of the PowerPoint Pythagoras’ theorem.
Figure 2: wall frame
[image: A wall frame with a diagonal brace.]
1. Ask students in a Think-Pair-Share, what they notice and wonder about the image of a wall frame.
Students may notice that the diagonal brace creates 2 right-angled triangles. 
Students may wonder how builders know how long the diagonal brace should be.
1. In pairs, students select a wall to measure. They measure the width and height of the wall, then use these measurements to calculate the hypotenuse using Pythagoras’ theorem.
1. Pairs should exchange their work with another pair to check that they agree with their working out and answers.
1. Students should notice that the answers they obtain are irrational decimals, whereas all the examples explored in today’s lesson have resulted in integer solutions. Challenge students to consider which numbers give integer solutions and explore why.
At this point students may start to identify Pythagorean triads, as sets of lengths that give integer solutions. 

Assessment and differentiation
Suggested opportunities for differentiation
Warm up
In a ‘Which one doesn’t belong’ students should find reasons for each triangle not belonging. This means that students can engage with the problem at a range of levels. The focus should be on students using correct terminology.
Explore
Students may benefit from constructing the visual representation with tiles that they can rearrange to find the area of the inside square.
Challenge students to consider multiple strategies to find the area of the inside square.
The Polypad activities can be edited to provide further scaffolding for students.
Challenge students to consider the examples in Appendix A, and whether Pythagoras’ theorem would work for all right-angled triangles. Ask students to make their own example.
There are many ways of proving Pythagoras’ theorem. Students could be challenged to explore other proofs.
Summarise
Additional practice of finding the hypotenuse should be provided to complement this lesson.
Challenge students to use a visual representation to support their working out in subsequent lessons.
Apply
Students may benefit from modelling the steps on their calculators. Additional instruction of how to use calculators could be beneficial.
Challenge students to consider other situations where they would know both shorter sides of a right-angled triangle and need to find the hypotenuse.
Challenge students to explore which side lengths will result in an integer hypotenuse length using blocks or grid paper.
Students could be provided with sets of lengths, in which some are triads, and some are not. Students could be asked to explain what this would mean in the context of a wall.
Suggested opportunities for assessment
[bookmark: _Hlk147833561]Warm up
Observe students’ reasoning to assess their prior learning of triangle properties. Additional teaching may be required before commencing with this lesson.
Explore
Collect students’ working to find the area of the inner square. Students’ various solutions could be posted in an online shared classroom space for students to observe their peers’ thinking. 
Appendix A could be collected as evidence that students understand Pythagoras’ theorem.
Summarise
Observe students’ Your turn solutions to ensure they can apply Pythagoras’ solution to find the hypotenuse of a right-angled triangle.
Apply
Observe students’ reasoning in discussions and work samples to ensure students are confident finding the hypotenuse of right-angled triangles using Pythagoras’ theorem.


Appendix A
[bookmark: _Visual_representation]Visual representation
Find the area of the inside squares, to show that .
[image: A right-angled triangle with legs 4 cm and 3 cm is rotated 4 times to create an inside square.]


[image: A right-angled triangle with legs 5 cm and 12 cm is rotated 4 times to create an inside square.]



Sample solutions
Appendix A – visual representation
[image: A right-angled triangle with legs 4 cm and 3 cm is rotated 4 times to create an inside square.]
[image: A right-angled triangle with legs 3 cm and 4 cm is rotated to create 2 rectangles. The empty space is 16 and 9 square centimetres.]
[image: A right-angled triangle with legs 3 cm and 4 cm is rotated 4 times to create an inside square with an area of 25 square centimetres.]
[image: A right-angled triangle with legs 3 cm and 4 cm is rotated 4 times to create an inside square with side length 5 cm.]

[image: A right-angled triangle with legs 5 cm and 12 cm is rotated 4 times to create an inside square.][image: A right-angled triangle with legs 5 cm and 12 cm is rotated to create 2 rectangles. The empty space is 25 and 144 square centimetres.]
[image: A right-angled triangle with legs 5 cm and 12 cm is rotated 4 times to create an inside square with an area of 169 square centimetres.][image: A right-angled triangle with legs 5 cm and 12 cm is rotated 4 times to create an inside square with side length 13 cm.]
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