
Finding volumes
Students apply the formula for the volume of a prism to solve problems, including solving equations to find missing lengths.
Visible learning
Learning intention
To solve problems involving the volume of a prism.
Success criteria
I can identify a prism.
I can identify the cross section of a prism.
I can use a formula to find the volume of a prism.
I can calculate an unknown side length of a prism, given the volume.


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 volume and capacity to solve problems involving right prisms and cylinders MA4-VOL-C-01
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Activity structure
Please use the associated PowerPoint Finding volumes to display images in this lesson.
Warm up
1. Remind students that in the previous lesson, they developed the formula for the volume of a prism . In this lesson, students will apply the formula to solve a variety of problems.
1. Display Figure 1: square and triangle, which is on slide 3 of the Finding volumes PowerPoint.
Figure 1: square and triangle
[image: Square and triangle.]
1. Students discuss in a Think-Pair-Share (bit.ly/thinkpairsharestrategy), the following question:
Two prisms, with these bases, are made to have the same volume. Which would be taller?
1. Use a questioning strategy such as Pose-Pause-Pounce-Bounce question strategy (PDF 557KB) (bit.ly/posepausepouncebounce)to facilitate a class discussion, asking ‘How much taller would the triangular prism be?’.
Students should identify that the triangular prism would be twice as tall as the rectangular prism, as the triangle base has half the area of the square. The purpose of this problem is for students to recognise that  is equivalent to .


Launch
1. Assign visibly random groups of 3 (bit.ly/visiblegroups) and position groups at vertical non-permanent surfaces (bit.ly/VNPSstrategy) around the classroom.
1. Display Figure 2: three rectangular prisms, which is on slide 4 of the Finding volumes PowerPoint.
Figure 2: three rectangular prisms
[image: Three rectangular prisms.]
Pose the following problem to students:
Using the numbers 1–9 at most one time each, find the dimensions of the 3 rectangular prisms so that their volumes are as close as possible.
The problem ‘Three rectangular prisms’ can be found on the ‘Open Middle’ website (bit.ly/openmiddlerectangles). The following hints can be provided:
· All the volumes are under 100 cubic units.
· Can you find 3 volumes that are within the range of 50 and 90?
· Can you find 3 volumes that are within the range of 60 and 80?
· The difference between all 3 volumes is less than 10.
Students complete a gallery walk (bit.ly/DLSgallerywalk) to view their peers’ working and solutions.


Explore
1. Distribute Appendix A ‘Volume formula’ to each student.
1. Students complete at least 3 questions from each section: mild, medium, spicy. Following each set of questions in the appendix is a space for students to write a 1–2 sentence note to their future forgetful self (bit.ly/notesstrategy) on how they completed these questions.
Students should complete at least one question from each level of mild, medium and spicy. They should be able to choose how many to complete and which questions they complete.
As the questions increase in difficulty from mild to spicy, students are required to use the formula for the volume of a prism to find unknown lengths. These questions deliberately look the same as previous questions, allowing students to develop their problem-solving strategies.
The volume is provided at the bottom of each question so that in some cases students can check their answers are correct and the emphasis is instead on students showing their working.
After students have completed all questions, have them share their notes to their future forgetful selves with a partner.
Randomly select students to share their favourite note to their future forgetful self that their partner shared.
Summarise
1. In students’ workbooks, they compile their notes to their future forgetful selves from Appendix A ‘Volume formula’.
Students should be encouraged to create worked examples to show the types of problems they can solve using the formula for the volume of a prism.
1. Use slides 6–13 from the Finding volumes PowerPoint for explicit teaching of finding unknown lengths using the formula for the volume of a prism. The PowerPoint uses the Worked examples (Your turn) method (DOCX 420 KB).
Apply
1. Print Appendix B ‘Prism Venn’ on A3 paper and place in plastic pockets. Use adhesive putty to stick the plastic pockets on walls around the classroom.
1. Assign new visibly random groups of 3 and position groups at plastic pockets.
1. Explain the problem to students:
Your challenge is to draw a rectangular prism in each region of the Venn diagram. If you think a region is impossible to fill you must be able to justify why.
Students should be encouraged to observe other groups’ answers and collaborate with neighbouring groups.
Once all groups have had time to attempt the task, students complete a gallery walk to observe their peers’ answers.
Facilitate a class discussion using the Pose-Pause-Pounce-Bounce questioning strategy, to ask:
Which region was easiest to fill?
Which region was hardest to fill?
What strategy did you use to fill region C?

Assessment and differentiation
Suggested opportunities for differentiation
Warm up
To help students visualise cutting a prism in half to create a triangular prism, students could be provided with centicubes.
Launch
Students may benefit from recall questions to practise applying the volume of a prism formula at the start of the lesson.
Challenge students to consider how many different prisms they can create with a volume of 24 cubic centimetres.
Explore
Appendix A contains problems that are graded by difficulty. Students should start and finish at a level that matches their readiness.
Challenge students to create 3 prisms where one side is an unknown pronumeral and the volume is provided. Students can then swap with a partner, to complete each other’s problem.
Summarise
Students could create worked examples for a variety of prisms or if more appropriate, their examples could be rectangular prisms only.
Model and encourage students to draw bar models to aid them in solving equations.
Apply
Challenge students to complete Appendix B ‘Prism Venn’ by using prisms other than rectangular prisms. Students would need to change the red category to be 3 dimensions less than 4.
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 prism is correct before reporting back to their own group.
If students are not ready to compare the 3 circles in the Venn diagram, they could ignore the blue circle and focus on the other 2.


Suggested opportunities for assessment
[bookmark: _Hlk147833561]Warm up
Students’ reasoning may reveal misconceptions about area and cross sections which should be addressed prior to continuing with the lesson.
Launch
Listen for misconceptions in students’ reasoning as they complete the task.
Explore
Appendix A ‘Volume formula’ could be collected and analysed as evidence of student learning.
Take note of students’ notes to future forgetful selves after each set of questions.
Take note of how students show their working for each problem. The volume is provided so that the emphasis is on students’ demonstrating their understanding through their working.
Summarise
Students’ worked examples and notes to future forgetful selves could be collected and analysed to assess understanding.
Students’ worked examples and notes to future forgetful selves could be shared in an online classroom for students to access and peer review.
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
Volume formula
Mild – show how to find the volume of each prism.
	a
	b
	c

	[image: Rectangular prism with area 10 cm^2 and height 2 cm.]
	[image: Rectangular prism with area 20 cm^2 and height 2 cm.]
	[image: Rectangular prism with area 30 cm^2 and height 2 cm.]

	
	
	



	d
	e
	f

	[image: Rectangular prism with area 15 cm^2 and height 6 cm.]
	[image: Rectangular prism with area 15  cm^2 and height 10 cm.]
	[image: Rectangular prism with area 15  cm^2 and height 20.25 cm.]

	
	
	


Note to future forgetful self:


Medium – show how to find the volume of each prism.
	g
	h
	i

	[image: Triangular prism with area 15 cm^2 and height 3 cm.]
	[image: Pentagonal prism with area 27 cm^2 and height 1.8 cm.]
	[image: Octagonal prism with area 56 mm^2 and height 7mm and side length 3.41 mm.]

	
	
	



	j
	k
	l

	[image: Rectangular prism with side lengths 2cm, 7cm and 5cm.]
	[image: Triangular prism with side lengths 3cm, 7cm, and 12cm.]
	[image: Parallelogram prism with face height 9 cm, face width 4 cm and prism height 1.5 cm.]

	
	
	


Note to future forgetful self:


Spicy – show how to find the value of the pronumeral of each prism.
	m
	n
	o

	[image: Rectangular prism with area 24  cm^2 and height x cm.]
	[image: Triangular prism with area 25  cm^2 and height y cm.]
	[image: Cube with side lengths a cm.]

	
	
	


Note to future forgetful self:


Appendix B
Prism Venn
Your challenge is to draw a rectangular prism in each region of the Venn diagram. If you think a region is impossible to fill you must be able to justify why.
[image: A Venn diagram with 3 groups. Text reads: Volume = 30cm^3; Length, width and height <=4; Area of one face=8cm^2 and If you think a region is impossible to fill, convince me why! The letters A to H are in and around the Venn diagram.]

Sample solutions
Launch
You can’t get a perfect match, but you can get close, with dimensions of (1, 8, 9), (2, 5, 7) and (3, 4, 6).
Appendix A – volume formula
Mild – show how to find the volume of each prism.
	a
	b
	c

	[image: Rectangular prism with area 10 cm^2 and height 2 cm.]



	[image: Rectangular prism with area 20 cm^2 and height 2 cm.]


	[image: Rectangular prism with area 30 cm^2 and height 2 cm.]



	
	
	



	d
	e
	f

	[image: Rectangular prism with area 15 cm^2 and height 6 cm.]


	[image: Rectangular prism with area 15  cm^2 and height 10 cm.]


	[image: Rectangular prism with area 15  cm^2 and height 20.25 cm.]



	
	
	


Note to future forgetful self: when the area of the base of a prism is provided, the volume is that area multiplied by the height of the prism.
Medium – show how to find the volume of each prism.
	g
	h
	i

	[image: Triangular prism with area 15 cm^2 and height 3 cm.]


	[image: Pentagonal prism with area 27 cm^2 and height 1.8 cm.]


	[image: Octagonal prism with area 56 mm^2 and height 7mm and side length 3.41 mm.]



	
	
	



	j
	k
	l

	[image: Rectangular prism with side lengths 2cm, 7cm and 5cm.]


	[image: Triangular prism with side lengths 3cm, 7cm, and 12cm.]




	[image: Parallelogram prism with face height 9 cm, face width 4 cm and prism height 1.5 cm.]





	
	
	


Note to future forgetful self: multiplying a provided area by the height works for any prism. Sometimes you’ll need to find the area of the base yourself. For rectangular prisms, any face can be the base but for other prisms you need to choose the face with a uniform cross section.
Spicy – show how to find the value of the pronumeral of each prism.
	m
	n
	o

	[image: Rectangular prism with area 24  cm^2 and height x cm.]


	[image: Triangular prism with area 25  cm^2 and height y cm.]


	[image: Parallelogram prism with face height 9 cm, face width 4 cm and prism height 1.5 cm.]





	
	
	


Note to future forgetful self: if using the volume to find an unknown side, it helps to set up and solve an equation.


Appendix B – prism Venn
A = 5, 6, 1
B = 1, 1, 1
C = 9, 2, 4
D = 3, 3, 3.33
E = 2, 4, 2
F = 3.75, 1, 8
G = 3.75, 2, 4
H = 9, 4, 5
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