
Solving problems with circles
Students use different techniques to solve problems related to the circumference and area of a circle and the arc length and area of a sector.
Visible learning
Learning intention
To be able to use reasoning to justify statements about circles.
Success criteria
I can calculate and compare the area and circumference of a circle.
I can represent relationships visually on a graph.
I can select an appropriate problem-solving strategy.


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 knowledge of the perimeter of plane shapes and the circumference of circles to solve problems MA4-LEN-C-01
· applies knowledge of area and composite area involving triangles, quadrilaterals and circles to solve problems MA4-ARE-C-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 share their initial thoughts on the statement, ‘A circle’s area is equal to its circumference’ through a finger vote and questioning.
	Pose-Pause-Pounce-Bounce
	Prompt prior knowledge to evaluate a mathematical statement.

	Explore
	Using Appendix A, students calculate the area and circumference of circles with varying radii and graph these values to represent the relationship visually.
	Think-Pair-Share
	Develop fluency in applying the area and circumference formulas and connecting the results to graphical representations to support and communicate reasoning effectively.

	Summarise
	Students use the PowerPoint Solving problems with circles (SPWC PPT) to discuss question prompts from the Explore before discussing what graphs could look like if a statement was always true or never true.
	Think-Pair-Share
	Develop reasoning on how to use graphical representations to justify statements.

	Apply
	Students work in random groups of 3 to classify mathematical statements from Appendix B as ‘always true’, ‘sometimes true’ or ‘never true’.
	Random groups of 3
Vertical non-permanent surfaces
Gallery walk
Two stars and a wish
	Build fluency in reasoning skills and discuss different mathematical statements with peers.



Activity structure
Please use the associated PowerPoint Solving problems with circles (SPWC PPT) to display images in this lesson.
Launch
1. Inform students that today’s lesson will focus on examining different statements to determine whether they are always true, sometimes true or never true.
1. Present the statement: ‘A circle’s area is equal to its circumference’.
1. Allow students time to think about their answer, then ask them to vote by showing their fingers:
1 finger: always
2 fingers: sometimes
3 fingers: never true.
1. Use the Pose-Pause-Pounce-Bounce questioning strategy (PDF 557 KB) (bit.ly/posepausepouncebounce) for students to share their reasoning and to discuss how we could verify this statement. Some suggested question prompts include:
What formulas will we need to use to verify this statement?
What measurements would we need to know?
How could we verify our answer to the statement?
Explore
1. Ask students to individually calculate the circumference and area of circles with a radius of 1, 2, 3, 4 and 5 centimetres, recording their answers in the table of values in Appendix A ‘Circumference = area?’
2. Instruct students to verify their solutions with a peer.
3. Distribute to each student, a piece of A4 square centimetre graph paper.
Graph paper can be found on the website ‘Free Online Graph Paper’ (print-graph-paper.com/).
4. Ask students to graph 2 lines on their paper:
radius versus circumference
radius versus area.
5. Ask students to examine the graphs and identify where the point of intersection is and what that means for the statement ‘A circle’s area is equal to its circumference’.
Students could share that one line is linear and the other is not linear, and their point of intersection is when the radius is equal to 2. Students could suggest that the statement is only true when the radius is 2.
Summarise
1. Use slides 3–4 of the PowerPoint (SPWC PPT) to display the table of values and graphs that students should have drawn in Appendix A.
1. In a Think-Pair-Share ask students to discuss the prompt questions.
Students should identify that when the radius is 2 cm the values for circumference and area in the table are the same, which matches their point of intersection from the graph. The circumference line is linear, because the radius is being multiplied by 2 and , which are both constants.
1. In a Think-Pair-Share, ask students to discuss what the graphs would look like if the statement was always true or never true.
The pair of graphs would have no point of intersection if it was never true and would sit on top of each other if it was always true.
Apply
1. Assign students to visibly random groups of 3 (bit.ly/visiblegroups) at vertical non-permanent surfaces (bit.ly/VNPSstrategy).
2. Ask students to divide their surface into 3 sections labelled ‘Always true’, ‘Sometimes true’ and ‘Never true’.
3. Distribute to each group Appendix B ‘Card sort’ cut into cards and some adhesive putty.
4. Students are to work in their groups to decide if each statement is always true, never true or sometimes true and use the adhesive putty to stick each card under the appropriate heading.
Cards are not in order, so students could be issued with scissors to cut the cards themselves. Students should be encouraged to use the glossary they have developed during this unit of learning to assist with choices.
5. Students are to do a gallery walk (bit.ly/DLSgallerywalk) and give peer feedback using the Two stars and a wish strategy (bit.ly/DLSpeerfeedback) on their examples.
6. Conduct a class discussion on which cards they could and could not show using graphs and tables.
The 2 cards that include the term ‘chord’ must be categorised based on definitions of terms only, rather than using graphs and tables.
7. 

Assessment and differentiation
Suggested opportunities for differentiation
Launch
A word bank could be provided on the board as word prompts for the Pose-Pause-Pounce-Bounce activity.
The formulas that have been covered in this topic could be displayed for students to select as part of the Pose-Pause-Pounce-Bounce.
Explore
The calculations in Appendix A could be provided as faded examples.
Summarise
Language from Unit 14 – analysing patterns, such as ‘parallel’, ‘perpendicular’, ‘points of intersection’ and ‘slope’, could be written on the board as a word bank to support the class discussion.
As part of the Think-Pair-Share, students could be encouraged to consider unique graphs from Lesson 7 – points of intersection of Unit 14 – number patterns.
The teacher should monitor student’s attempts at Appendix A, and if question 4 has had minimal engagement, the second Think-Pair-Share could be modified to be a class discussion.
Apply
Cards could be modified, extended or reduced to adapt to the learning needs of students.
If a group has a misconception, 2 groups of 3 could be temporarily joined and the students could be challenged to justify the placement of that card.


Suggested opportunities for assessment
[bookmark: _Hlk147833561]Launch
A finger vote is used so all students can give an answer, and the teacher can look around at students to assess their confidence in responding to the statement.
Explore
Students have opportunities to contribute to and hear from pair and class discussions, these act as opportunities for self- and peer-reflection.
Students’ graphical representations could be collected as a work sample for assessment.
Summarise
Monitor responses in class discussions to check for student understanding of linear relationships and how they relate to their work on circles.
Apply
Students working at vertical non-permanent surfaces means the teacher can assess student progress and provide support where appropriate.
Students receive peer feedback through Two stars and a wish

[bookmark: _Appendix_A_1]Appendix A
Circumference = area?
1. Complete the table of values by calculating the circumference and area for circles with a radius of 1, 2, 3, 4 and 5 centimetres.
	Radius (cm)
	1
	2
	3
	4
	5

	Circumference
	
	
	
	
	



	Radius (cm)
	1
	2
	3
	4
	5

	Area
	
	
	
	
	


2. Plot the radius versus circumference, and radius versus area on the graph paper provided by your teacher.
3. Identify the point of intersection of the 2 graphs. What does this point mean in relation to the statement ‘A circle’s area is equal to its circumference’.
4. What would the graphs look like if the statement was always true, never true or sometimes true?

[bookmark: _Appendix_A][bookmark: _Appendix_B]Appendix B
Card sort
	If the area of a circle doubles, then its circumference doubles.
	If the radius of a circle doubles, so does its diameter.

	If the circumference of a circle doubles, so does its diameter.
	The arc length of a semicircle is the same as the area of a semicircle.

	If the length of the arc is doubled, but the radius remains the same, then the angle doubles too.
	If the area of a sector is doubled, but the radius remains the same, then the angle doubles too.

	Every radius is twice as long as the diameter.
	The circumference divided by the diameter is equal to .

	Every chord is a diameter.
	Every diameter is a chord.




Sample solutions
Appendix A – circumference = area?
1. Complete the table of values by calculating the circumference and area for circles with a radius of 1, 2, 3, 4 and 5 centimetres.
	Radius (cm)
	1
	2
	3
	4
	5

	Circumference
	
	
	
	
	



	Radius (cm)
	1
	2
	3
	4
	5

	Area
	
	
	
	
	


2. Plot the radius versus circumference, and radius versus area on the graph paper provided by your teacher.
[image: Hand drawn student sample of area versus radius drawn in red (parabola) and circumference versus radius drawn in blue (straight line). The scale on the x-axis is zero to 9 and the scale on the y-axis is zero to 100. Straight-line data points are marked on the graph at (0,0), (1,6.3), (2,12.6), (3,18.8), (4,25.10) AND (5,31.4). Parabola data points at (0,0), (1,3.1), (2,12.6), (3,28.3), (4,50.3) and (5,79). ]
3. Identify the point of intersection of the 2 graphs. What does this point mean in relation to the statement ‘A circle’s area is equal to its circumference’.
The statement is only true when the radius is 2.
4. What would the graphs look like if the statement was always true, never true or sometimes true?
The graphs would be the same if it was always true, have points of intersection if it is sometimes true and have no points of intersection if it is never true.


 Appendix B – card sort
Always true
	Every radius is twice as long as the diameter.
	Every diameter is a chord.

	If the radius of a circle doubles, so does its diameter.
	If the circumference of a circle doubles, so does its diameter.

	The circumference divided by the diameter is equal to .
	If the length of the arc is doubled, but the radius remains the same, then the angle doubles too.

	If the area of a sector is doubled, but the radius remains the same, then the angle doubles too.
	


Sometimes true
	The arc length of a semicircle is the same as the area of a semicircle.
	


Never true
	If the area of a circle doubles, then its circumference doubles.
	Every chord is a diameter.
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