
Radial survey
Students will conduct a radial survey to calculate the area of an irregular polygon by finding the areas of non-right-angled triangles.
Visible learning
This lesson incorporates Path content.
Learning intention
To be able to find the area of non-right-angled triangles.
Success criteria
I can use bearings to find the angle between 2 sides.
I can substitute values into the area of a triangle formula.
I can find the area of an irregular shape by breaking it into known shapes.


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 Pythagoras’ theorem and trigonometry to solve 3-dimensional problems and applies the sine, cosine, and area rules to solve 2-dimensional problems, including bearings 
MA5-TRG-P-01
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Activity structure
Please use the associated PowerPoint Radial survey to display images in this lesson.
Launch
Show students the YouTube clip ‘Coral bleaching on the Great Barrier Reef’ (2:42). (bit.ly/CoralbleachinginGBF).
Start a class discussion about climate change and coral bleaching and why this is an important issue. Questions for students to consider could include:
What is your definition of climate change?
What is coral bleaching?
How extensive is the problem?
Why is this destruction so concerning?
What impact do these coral bleaching events have on the country as a whole?
Why do we care so much about this issue and climate change as a whole?
Show students slide 3 from the PowerPoint Radial survey to show a satellite image of a section of the Great Barrier Reef.
In a Think-Pair-Share (bit.ly/thinkpairsharestrategy), ask students the following questions:
How would you work out the area of the reef?
How would you work out what percentage of the area was affected by bleaching?
How might you make measurements of the reef to work out the area?
Explore
1. Display slide 5 from the PowerPoint Radial survey which shows Figure 1 and give students the following definition.
A radial survey is a survey that uses compass bearings to determine the angle from the centre to each corner of an irregularly shaped area.
[bookmark: _Ref167696831]Figure 1: radial survey
[image: Radial survey.]
Assign students to visibly random groups of 3 (bit.ly/visiblegroups) and tell them they are going to conduct a radial survey to simulate the coral reef’s area.
Equipment
6 witches’ hats, cones, or markers (per group)
Compass (per group)
Tape measure or electronic length measuring tool (per group)
A copy of Appendix A ‘My survey’ (per student).
Method
1. Distribute the equipment to each group.
1. Ask students to set up and survey their area using the instructions provided in Appendix A ‘My survey’.
1. Return to the classroom and ask each group to reproduce their survey on a vertical non-permanent surface (bit.ly/VNPSstrategy).
1. Students are to turn and talk (bit.ly/classroomtalkmoves) to discuss in their groups of 3, how the angle of each corner can be found. Students should then label these on their survey.
1. Select non-volunteer students who have successfully completed the task to explain how they found the angle.
To enable students to focus on the area of a triangle, teachers could use slide 6 from the PowerPoint Radial survey to demonstrate the calculation.
1. Remind students that to work out the area of a right-angled triangle we use the lengths of 2 sides adjacent to the right angle. To work out the area of a non-right-angled triangle there is an adjustment which considers the different angles.
1. Show students slide 8 from the PowerPoint Radial survey.
Teachers should remind students of the naming of angles with a capital letter and the opposite side with the corresponding lowercase letter.
1. In a Think-Pair-Share, students are to explain to each other where the formula comes from.
Emphasise with the students that it doesn’t matter which 2 sides of a triangle you have or the orientation of the triangle, you need the angle between the 2 sides to calculate the area of the triangle. This is called the inclusive angle.
Teachers could show students that the formula also works for right-angled triangles, as .
Summarise
1. Use slides 9–16 from the Radial survey PowerPoint for explicit teaching of finding areas of non-right-angled triangles using the Worked examples (Your turn) method (DOC 420 KB).
2. Students are to return to their groups of 3 at vertical non-permanent surfaces.
3. Distribute Appendix B ‘Area of a triangle’ to each group. Students are to work together to solve the questions. This activity uses Variation Theory (variationtheory.com/introduction/) to introduce small changes as students solve problems using the area of a triangle formula.
4. Students then do a gallery walk (bit.ly/DLSgallerywalk) and give peer feedback in the form of 2 stars and a wish (bit.ly/2starwish) to evaluate other groups' work.
5. By continuing to work in their same visibly random groups of 3, students are to complete four quadrant notes (DOCX 319 KB)  from Appendix C ‘Four quadrant notes’.
Apply
My survey
1. Continuing in their group of 3 on vertical non-permanent surfaces, students are to use the measurements that they recorded on Appendix A ‘My survey’ to calculate their area.
2. Students then do a gallery walk and give peer feedback in the form of 2 stars and a wish to evaluate other groups' work.
Coral reefs
1. In a new visibly random group of 3 on a vertical non-permanent surface, give each group a copy of Appendix D ‘Coral catastrophes’ and ask students to attempt the problem.
1. Students are to then do a gallery walk with 2 stars and a wish to evaluate other groups’ work.
Herbicides
1. Continuing in their visibly random group of 3 on a vertical non-permanent surface, give each group a copy of Appendix E ’How much herbicide is needed?’.
2. State to students that they need to calculate how much herbicide is needed to spray the paddock.
Students are to then do a gallery walk with 2 stars and a wish to evaluate other groups’ work.


Assessment and differentiation
Suggested opportunities for differentiation
Launch
All students can participate as there are no right answers and everyone can notice and wonder.
Explore
Students requiring support could be limited to simple compass bearings (for example, E – 90o, S – 180o, SE – 135o, NW – 315o) or be given the internal angle.
Students requiring support may create an area with only 3 or 4 outer cones.
Students can be challenged to measure as accurately as possible, using the smallest unit of precision they have access to.
Students could further increase their accuracy by conducting multiple measurements and finding the average.
Summarise
Students who are ready for a challenge could be introduced to solving for a missing angle, bearing, or side, given the remaining information and the area.
If a student is struggling to contribute to the task, encourage them to move around the room and find an answer from another group. They should ask that group how they know that area is correct before reporting back to their group.
Apply
Students could do a traverse survey of the same field and find the area using right-angled triangles.
Students struggling with the rate application could be given a simpler rate that doesn’t require unit conversions.

Suggested opportunities for assessment
[bookmark: _Hlk147833561]Launch
Students’ reasoning may reveal misconceptions about area which should be addressed before continuing with the lesson.
Explore
Students give each other peer feedback, before sharing with the class in a Think-Pair-Share.
Summarise
Review students’ four quadrant notes to their future forgetful selves for understanding of the area of a triangle.
Listen for misconceptions in students’ reasoning as they complete the task.
Appendix A could be collected and analysed as evidence of student learning.
The teacher could collect Appendix B to check understanding.
Apply
Students working at vertical non-permanent surfaces means that they can self-assess by comparing their answers to their peers.
Ask students to justify their answers as you move around the room.


Appendix A
My survey
Instructions
1. Select an area to survey.
2. Place one marker in the approximate centre and the remaining 5 around the outside, similar to the diagram below.
[image: Irregular pentagon.]
3. Sketch your area on the next page in the space provided.
4. Stand at the centre marker and measure the bearings, with the compass, from the centre to each vertex. Record this information on your diagram.
5. Measure the distance from the centre to each vertex and record the distance on your diagram.


Survey
Sketch your survey, adding all measurements.



Appendix B
Area of a triangle
Find the area of the following triangles.
	[image: Triangle, with 2 sides 7 metres and 8 metres with an angle of 50 degrees between them.]
	

	[image: Triangle, with 2 sides 7 metres and 12 metres with an angle of 50 degrees between them.]
	

	[image: Triangle, with 2 sides 7 metres and 12 metres with an angle of 60 degrees between them. An angle of 80 degrees is made with the side of length 7 m and the unknown side.]
	



	[image: Triangle sides 152 m on a bearing of 045 and 87 m on a bearing of 100.]
	

	[image: Triangle sides 152 m on a bearing of 300 and 87 m on a bearing of 220.]
	

	[image: Triangle sides 152 m on a bearing of 330 and 87 m on a bearing of 045.]
	

	[image: Triangle, with three sides 40 metres, 44 metres and 39 metres with an angle of 65 degrees between 39 metres and 44 metres.]
	

	[image: Triangle, with 2 sides 44 metres and 39 metres with an angle of 65 degrees opposite the 44 metres and an angle of 53 degrees opposite the 39 metres.]
	

	[image: Triangle, with angles of 62 degrees, 53 degrees, and 65 degrees. A side of 44 metres is opposite the 62 degrees.]
	


Appendix C
Four quadrant notes
	Example 1
Find the area of triangle ABC.
[image: An obtuse-angled triangle labelled with vertices A, B, and C. Length of side AC is 5 cm. The length of side BC is 3 cm. The angle at C is 110 degrees.]





	Example 2
Find the area of triangle ABC.[image: An obtuse-angled triangle labelled with vertices A, B, and C. Length of side AC is 7.2 cm. The length of side BC is 2.9 cm. The angle at C is 111 degrees 30 minutes.]

	Things to remember
	Example 3


Appendix D
Coral catastrophes
Continual and frequent episodes of coral bleaching can lead to the long-term destruction of a reef as it doesn’t have the time to recover between bleaching events.
Below are 2 pictures of the approximate area of a reef around an atoll (a type of enclosed reef). The blue area is the reef in 2010 and the pink is the reef in 2023.
Calculate the size of the reef in 2010 and 2023.
By first calculating the size of the reef loss, calculate the percentage loss (decline) of the reef over time.
[image: A radial survey representation of a coral reef in 2010 showing the area of the irregular shape. The distance from the centre to the 30 degree bearing is 138m, the distance to the 120 degree bearing is 116m, the distance to the 170 degree bearing is 142 m, the distance to the 210 degree bearing is 129m and the distance to the 300 degree bearing is 120m.][image: A radial survey representation of a coral reef in 2023 showing the area of the irregular shape. The distance from the centre to the 30 degree bearing is 125m, the distance to the 120 degree bearing is 110m, the distance to the 170 degree bearing is 133 m, the distance to the 210 degree bearing is 112m and the distance to the 300 degree bearing is 90m.]


Appendix E
How much herbicide is needed?
6.5 L of herbicide in 250 L of water per hectare (10 000 m2).
[image: Satellite view of a paddock. Irregular quadrilateral overlayed. Measurements radiating from a central point. 670 m on a bearing of 031, 640 m on a bearing of 135, 490 m on a bearing of 233, 810 m on a bearing 330.]Not to scale



Sample solutions
Appendix B – area of a triangle
	[image: Triangle, with 2 sides 7 metres and 8 metres with an angle of 50 degrees between them.]
	Answer



	[image: Triangle with 2 sides 7 metres and 12 metres with an angle of 50 degrees between them.]
	Answer



	[image: Triangle with 2 sides 7 metres and 12 metres with an angle of 60 degrees between them. An angle of 80 degrees is made with the side of length 7 m and an unknown side.]
	Answer





	[image: Triangle with sides 152 m on a bearing of 045 degrees and 87 m on a bearing of 100 degrees.]
	Answer


	[image: Triangle sides 152 m on a bearing of 300 degrees and 87 m on a bearing of 220 degrees.]
	Answer




	[image: Triangle sides 152 m on a bearing of 330 and 87 m on a bearing of 045 degrees.]
	Answer


	[image: Triangle with 3 sides 40 metres, 44 metres and 39 metres with an angle of 65 degrees between 39 metres and 44 metres.]
	Answer


	[image: Triangle with 2 sides 44 metres and 39 metres with an angle of 65 degrees opposite the 44 metres and an angle of 53 degrees opposite the 39 metres.]
	Answer


	[image: Triangle with angles of 62 degrees, 53 degrees, and 65 degrees. A side of 44 metres is opposite the 62 degrees.]
	Answer





Appendix C – four quadrant notes
	Example 1
Find the area of triangle ABC.
[image: An obtuse-angled triangle labelled with vertices A, B, and C. Length of side AC is 5 cm. The length of side BC is 3 cm. The angle at C is 110 degrees.] 

	Example 2
Find the area of triangle ABC.
[image: An obtuse-angled triangle labelled with vertices A, B, and C. Length of side AC is 7.2 cm. The length of side BC is 2.9 cm. The angle at C is 111 degrees 30 minutes.]


	Things to remember
Need 2 sides and an angle to work out the area.
The angle must be between the 2 sides given.
Units must be squared as it is an area.
If the angle is a right angle, the formula is the same as the formula for a right-angled triangle.
	Example 3
Find the area of triangle DEF.
[image: A triangle labelled D, E, and F. DF has a length of 5.3 cm. EF has a length of 3.8 cm. Angle F measures 30 degrees.]



Appendix D – coral catastrophes
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Appendix E – How much herbicide is needed?
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