
Area of a sector
Students look at fractional parts of a circle to develop the formula for area of a sector.
Visible learning
Learning intention
To understand how to calculate the area of a sector.
Success criteria
I can recognise and define a sector.
I can use the angle in the sector to find the fraction of the circle.
I can calculate the area of a sector using the fraction of the circle and the area of the circle.


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 knowledge of area and composite area involving triangles, quadrilaterals and circles to solve problems MA4-ARE-C-01
· represents and operates with fractions, decimals and percentages to solve problems 
MA4-FRC-C-01
· solves linear equations of up to 2 steps and quadratic equations of the form   
MA4-EQU-C-01
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Warm up
	Display slide 3 from the PowerPoint Area of a Sector (AOAS PPT). Students discuss what fraction of the circle each part makes.
	Think-Pair-Share
	Students connect the fraction of a circle to the area.

	Launch
	Students consider the scenario: Amy orders a pizza for dinner. When she orders the pizza, she is asked, ‘Do you want to have your pizza cut into 6 slices or 8 slices?’. She replies, ‘6 slices of course, I couldn’t eat 8 slices’.
	Think-Pair-Share
	Students are reminded of area conservation and that the area remains the same, no matter how many pieces we cut it into.

	Explore
	Students use a circle from Appendix A or create their own circle to make semicircles and quadrants and consider the area of those shapes. Students then consider sectors and develop a general formula for different fractions of a circle, shown on slide 5 of the PowerPoint. ‘Semicircles’, ‘quadrants’ and ‘sectors’ are added to the glossary.
	Pose-Pause-Pounce-Bounce
Think-Pair-Share
Mini whiteboards
	Students explore different fractions of a circle, starting with known examples such as half and quarter, and then use these to develop a general rule for the area of a sector.

	Summarise
	Students look at the Worked examples (Your turn) questions on slides 7–10 from the PowerPoint. Students then complete Appendix B.
	Worked examples (Your turn)
Variation Theory
	Students look at worked examples and practise finding the area of a sector.

	Apply
	Students look at Nightingale charts in Appendix C and the effect of the use of sector areas in the charts. Students then continue in pairs to look at sector problems in Appendix D.
	Visibly random groups of 3
Vertical non-permanent surfaces
Pose-Pause-Pounce-Bounce
Turn and talk
Gallery walk
	Students apply the area of sector formula to real life applications.



Activity structure
Please use the associated PowerPoint Area of a sector (AOAS PPT) to display images in this lesson.
Warm up
Display slide 3 from the PowerPoint (AOAS PPT) showing a sector graph with the results of a class captain vote. The number on each sector represents the number of votes for each student.
In a Think-Pair-Share (bit.ly/thinkpairsharestrategy), discuss what fraction of the circle each portion makes and how we know.
Kate: , Lisa: Doug: , Matt: , Polly: , Anne: .
Launch
1. Read the following scenario to the students:
Amy orders a pizza for dinner. When she orders the pizza, she is asked, ‘Do you want to have your pizza cut into 6 slices or 8 slices?’. She replies, ‘6 slices of course, I couldn’t eat 8 slices’.
1. In a Think-Pair-Share, students discuss what would be the difference between the size of each slice if cut into 6 slices in comparison to being cut into 8. Some suggested question prompts include:
Would the size of the pizza make a difference?
Would cutting the pizza into 6 slices instead of 8 pieces matter? Why?
Students should acknowledge that whether the pizza is cut into 6 pieces, or 8 pieces, is irrelevant if she eats the whole pizza.
Explore
1. Issue each pair of students with several pieces of A4 paper and one helix compass between 2 students.
1. Ask students to draw a circle with a radius of 10 cm and cut it out or use the template from Appendix A ‘Circle template’.
Teachers could alternatively use purchased pre-cut paper circles. The size of the circle does not matter but the radius should be between 8–12 cm for ease of construction with students.
1. Have students fold their circle in half before cutting the circle in half along the diameter.
1. Use the Pose-Pause-Pounce-Bounce questioning strategy (PDF 557 KB) (bit.ly/posepausepouncebounce) to ask students:
What is the name of this shape and what fraction of the circle do we have?
What is the angle at the centre of the circle along the diameter?
Students might make connections with prefixes that relate to half or 2 parts, but many should be able to identify it as a semicircle. Students might also note that the angle is a straight angle of 180°.
1. Ask students to add the definition of a semicircle to the glossary that they started in Lesson 1 – diameter and circumference.
A semicircle is half a circle with the diameter as one side.
1. In a Think-Pair-Share, ask students how they might calculate the area of the semicircle. Have students calculate the area and show their thinking on mini whiteboards (bit.ly/miniwhiteboards).
1. Have students fold one of their semicircles in half before cutting it in half along the radius.
1. Use the Pose-Pause-Pounce-Bounce questioning strategy to ask students what the name of this shape is and what fraction of the circle we have.
Students might make connections with the prefix ‘quad’ as they might know that means ‘four’. Some might say it is a quarter, making connections with work they had completed in fraction units.
1. Ask students to add the definition of a quadrant to their glossaries.
A quadrant is a quarter of a circle, made up of 2 radii with a right angle between them.
1. Use the Pose-Pause-Pounce-Bounce questioning strategy to ask students how they might work out the area of the quadrant. Have students calculate the area and show their thinking on mini whiteboards.
Students’ suggestions could include finding half of the semicircle, dividing the area of the circle by 4, or finding a quarter of the circle.
1. Have students fold one of their quadrants in half before cutting it along the radius.
1. Use the Pose-Pause-Pounce-Bounce questioning strategy to ask students for the name of any fractional piece of a circle that consists of 2 radii and an arc.
Students might have a variety of suggestions including connecting to food, such as piece of pie or pizza. Students might also make a connection to the sector graph that they saw in the warm-up.
1. Ask students to add the definition of a sector to the glossary that they started in Lesson 1 – diameter and circumference.
A sector is a plane figure enclosed by 2 radii of a circle and the arc between them.
1. In a Think-Pair-Share ask students to think about how they might work out the area where the shape has been split into 6 equal pieces. Question prompts could include:
What would be the angle at the centre of the circle of each sector piece?
What fraction of the circle is each piece?
1. Continuing with a Think-Pair-Share, ask students to think about how they might work out the area of any sector.
1. Show students slide 5 from the PowerPoint (AOAS PPT) and in a Think-Pair-Share consider the general formula for the area of a sector and how it is similar or different to their own thinking.
1. Ask students if the area calculation that they used for the semicircle or quadrant would be different using the formula for a sector.
Students should notice that the calculation would be the same, as the fraction for a semicircle would be  and the fraction for a quadrant would be .
Summarise
1. Use slides 7–10 from the PowerPoint (AOAS PPT) for explicit teaching of the area of a sector using the Worked examples (Your turn) method (bit.ly/supportingstrategies).
1. Students are to complete the Variation Theory questions (variationtheory.com/introduction) in Appendix B ‘Variation Theory’.
Apply
Florence Nightingale chart
1. Assign students to visibly random groups of 3 (bit.ly/visiblegroups) at vertical non-permanent surfaces (bit.ly/VNPSstrategy) and distribute a copy of Appendix C ‘Florence Nightingale chart’.
1. Read the following information about Nightingale charts to the class:
The Nightingale Rose Diagram, popularised by Florence Nightingale during the Crimean War, was used to illustrate statistics about soldiers’ death rates in relation to hygiene conditions. Nightingale is credited with significantly reducing the death rate of soldiers by effectively using statistics and graphs to demonstrate the impact of improved sanitary practices.
These diagrams, also known as coxcomb or polar area graphs, consist of sectors with varying radii. While they visually represented the data compellingly, it’s important to note that the area of each sector increases exponentially as the radius grows, which can lead to a skewed perception of the differences in the data.
Students might like to investigate how Florence Nightingale used the data to further her case for increased hygienic conditions and how her use of statistics can be seen as flawed.
1. The graph shown in Appendix C displays the monthly rainfall in Cootamundra NSW in 2023. In a turn and talk, ask students which months had the greatest and least rainfall. How do you know?
Students should notice that the most rain fell in March as it has the largest sector, and the least in September as it has the smallest sector. Some might say February as it is hard to tell the difference due to their similar size (only 0.4 mm difference).
Use the Pose-Pause-Pounce-Bounce questioning strategy to ask students to determine how many times bigger the rainfall would be in March in comparison to April. Ask students to look only at the graph and the relative size of the wedges.
Some students might say it is about double, as April goes up about halfway along the March sector. Some might say that it is 3–4 times larger, as you could fit the April sector in the March sector 3–4 times.
Have students consider the data in the table in Appendix C and how they might use this data to calculate the area of each sector. Use the Pose-Pause-Pounce-Bounce questioning strategy to ask students what the angle would be in each sector.
Students should notice that each angle would be 30°, as a full revolution is 360°, and it is divided up evenly into 12 sectors.
Allocate a month of the year to each group of 3. Have students calculate the area of that sector and record the area in the table. Students should then conduct a gallery walk (bit.ly/DLSgallerywalk) and collect the areas of the other months’ sectors.
Once the areas have been calculated, the groups should look at what has happened to the area in comparison to the length of the radius.
Students should notice that even though the radius might be double or triple, the area is much more than that.
Use the Pose-Pause-Pounce-Bounce questioning strategy to ask why Florence Nightingale’s use of this type of graph is considered controversial. How could you modify the graph to make sure that the data wasn’t deceptive?
Sector problems
Students will return to their desks and work in pairs for this activity.
Distribute a copy of Appendix D ‘Sector problems’ to each pair for them to work on the problems together, recording their working and solutions on mini whiteboards.
Pairs should compare responses with a neighbouring pair and if solutions differ, pairs need to explain their working and justify their responses.


Assessment and differentiation
Suggested opportunities for differentiation
Launch
· Students might benefit from first revising equivalent fractions to check their understanding of simplifying fractions.
· Students might need to be reminded what angles at a point add up to.
Explore
· Teacher can provide students with precut circles to assist in construction of the circle parts.
· Students can be challenged to consider other fractional parts of a circle other than a half and a quarter.
· Challenge students to decide whether dividing by 4 or multiplying by a quarter is the best method to find the area of a sector, and to justify their choice and consider whether that would be the case for all sectors.
· Students should be encouraged to make connections with prior knowledge they have.
Summarise
· Students should be encouraged to make connections with the prior knowledge they have regarding circles where the diameter is given and its connection to the radius.
· Students are supported through examples by Your turn and variation tasks.
Apply
· Students should be challenged to create a different type of graph using the data from Appendix C and compare it to the display from the coxcomb to see the differences in the displays.
· Teachers could look at providing students with the area of the sector and the radius to find the angle, or the area and angle to find the radius.


Suggested opportunities for assessment
[bookmark: _Hlk147833561]Launch
· Check for understanding of prior knowledge.
Explore
· Monitor responses in class discussions to check for student understanding of fractional parts of a circle.
· Teacher could facilitate class discussions and observe students’ reasoning and justification in response to the provided prompts.
Summarise
· Monitor student responses in the ‘Your turn’ section to check for understanding.
· The task from Appendix B can be collected as evidence of learning.
Apply
· Appendix C can be collected as evidence of understanding of calculating the area of sectors.
· Appendix C provides an opportunity for students to show their Working mathematically skills with reasoning and justification around deceptive data.


[bookmark: _Appendix_A]Appendix A
Circle template



[bookmark: _Appendix_B]Appendix B
Variation Theory
Find the area of the shaded sectors.
	1.
	[image: Circle with radius 8 metres.]
	
	6.
	[image: Sector with radius 8 metres and angle of 120 degrees.]
	

	2.
	[image: Circle with diameter 8 metres.]
	
	7.
	[image: Sector with radius 8 metres and angle of 165 degrees.]
	

	3.
	[image: Sector with radius 8 metres and angle of 90 degrees.]
	
	8.
	[image: Sector with radius 8 metres and an external centre angle of 120 degrees.]
	

	4.
	[image: Sector with radius 8 metres and an external centre angle of 90 degrees.]
	
	9.
	[image: Sector with radius 8 metres and an external centre angle of 100 degrees.]
	

	5.
	[image: Sector with radius 8 metres and angle of 60 degrees.]
	
	10.
	[image: Sector with radius 8 metres and an external centre angle of 60 degrees.]
	




[bookmark: _Appendix_C]Appendix C
Florence Nightingale chart
This is a graph showing the monthly rainfall in Cootamundra in 2023.
[image: Coxcomb graph or Nightingale rose chart showing rainfall over the months of a year.]
Complete the table by finding the area of each sector. The radius of each sector is the rainfall.
	Month
	Rainfall (mm)
	Area of sector

	January
	30.4
	

	February
	5.1
	

	March
	136
	

	April
	64.5
	

	May
	15.7
	

	June
	61.1
	

	July
	32.7
	

	August
	44
	

	September
	4.7
	

	October
	39.8
	

	November
	95.8
	

	December
	48.7
	


[bookmark: _Appendix_D]Appendix D
[bookmark: _Sector_problems]Sector problems
	What is the area of this sector?
[image: Sector shown within a circle of radius 3m angle 120 degrees.]
	What is the area of this sector?
[image: Sector shown within a circle of radius 18m angle 120 degrees.]

	This sector has an area of . 
What must the angle be?[image: Sector shown within a circle of radius 3m angle unknown degrees.]
	This sector has an area of .
What must the radius be?
[image: Sector shown within a circle of radius unknown length angle 210 degrees.
]




	These 2 sectors have the same area.
[image: Sector shown within a circle of radius 8m angle 72 degrees.]
	What is the size of the smaller angle?
[image: Sector shown within a circle of radius 16m angle unknown degrees.]

	Which sector area do you think is bigger?
[image: Sector shown within a circle of radius 8m angle 190 degrees.]
	Justify your answer with calculations.
[image: Sector shown within a circle of radius 6m angle 300 degrees.]

	Which sector, G or H, has the biggest area?
[image: Sector shown within a circle of radius 6m angle 320 degrees.]
	Explain your answer using calculations.
[image: Sector shown within a circle of radius 18m angle 40 degrees.]




Sample solutions
Appendix B – Variation Theory
	1.
	[image: Circle with radius 8 metres.]
	
	6.
	[image: Sector with radius 8 metres and angle of 120 degrees.]
	

	2.
	[image: Circle with diameter 8 metres.]
	
	7.
	[image: Sector with radius 8 metres and angle of 165 degrees.]
	

	3.
	[image: Sector with radius 8 metres and angle of 90 degrees.]
	
	8.
	[image: Sector with radius 8 metres and an external centre angle of 120 degrees.]
	

	4.
	[image: Sector with radius 8 metres and an external centre angle of 90 degrees.]
	
	9.
	[image: Sector with radius 8 metres and an external centre angle of 100 degrees.]
	

	5.
	[image: Sector with radius 8 metres and angle of 60 degrees.]
	
	10.
	[image: Sector with radius 8 metres and an external centre angle of 60 degrees.]
	




Appendix C – Florence Nightingale chart
	Month
	Rainfall (mm)
	Area of sector

	January
	30.4
	

	February
	5.1
	

	March
	136
	

	April
	64.5
	

	May
	15.7
	

	June
	61.1
	

	July
	32.7
	

	August
	44
	

	September
	4.7
	

	October
	39.8
	

	November
	95.8
	

	December
	48.7
	




Appendix D – sector problems
	
	

	
	

	
	

	
E has the bigger area as 
	

	
H has the bigger area as 
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