
Multiple cubes
Students will develop the formulas for finding the volume of a rectangular prism (). They will then use the formula to solve problems.
Visible learning
Learning intention
To develop the formula for calculating the volume of a rectangular prism.
Success criteria
I can calculate the base area (cross-section) of a rectangular prism.
I can calculate the volume of a rectangular prism.
I can explain how the formula for the volume of a rectangular prism was developed.
I can substitute values into the formula for the volume of a rectangular prism.


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 Multiple cubes to display images in this lesson.
Launch
1. Display slides 3–5 of the PowerPoint Multiple cubes, pausing after each slide for students to do a Think-Pair-Share (bit.ly/thinkpairsharestrategy). Students should consider what they notice and wonder ((bit.ly/noticewonderstrategy) and whether these observations change when more information is given.
Figure 1: colourful blocks and a box
[image: Three photos showing colourful blocks and a box on a wooden floor.
Photo 1 shows the blocks in a pile and an empty box.
Photo 2 shows most of the blocks piled up in the box and some blocks laying on the lid.
Photo 3 shows the blocks organised neatly with empty space still in the box and the lid on the floor beside the box.
]
1. After displaying slide 5 and giving pairs time to discuss, use the Pose-Pause-Pounce-Bounce questioning strategy (PDF 557KB) (bit.ly/posepausepouncebounce) to facilitate sharing of each pair’s thoughts. Useful question prompts may include:
Why might it be easy to believe in the beginning that the blocks were not going to fit?
Why do the blocks fit easily at the end?
How might it have been possible to determine that the blocks could fit?
How might it be possible to determine the total number of blocks that would fit in the box?


Explore
An optional activity to make a box from paper and fill it with centicubes is included in Appendix A ‘Make a box’.
This optional activity could be useful to support students to see the multiplicative relationship between the area of the base, the height and the volume of the prism by creating boxes with the same rectangular bases, but with varying heights.
1. Divide students into pairs and distribute approximately 150 centicubes to each pair.
1. Ask the students to make a rectangular prism, one layer high. Pairs should decide together what dimensions to make the prism.
1. Use the Pose-Pause-Pounce-Bounce questioning strategy to discuss the prisms students have created and the centicubes. Useful questions may include:
Why are the cubes named ‘centicube’?
What are the dimensions of a centicube?
What is the volume of each centicube?
What do you know about the rectangular prism you have created?
1. Distribute a copy of Appendix B ‘Multiple cubes’ and ask students to fill in the first row of the table, based on the dimensions of their rectangular prism.
1. Ask students to add more layers to their rectangular prism to increase the height. Students should continue to fill in the table from Appendix B as they add additional layers.
The aim is for all students to recognise the pattern in the table and to recognise that they do not need to physically create a rectangular prism to complete the table. Some students may need more time with the centicubes before they can recognise the pattern.
1. Use the Pose-Pause-Pounce-Bounce questioning strategy to discuss the strategies used to complete the table.
What does the ‘number of cubes’ column represent?
How is the number of cubes you’ve used linked to the number of cubes in the original rectangular prism (with only one layer)?
Can you explain to someone how to find the total number of cubes, without having to build the prism?
1. Distribute Appendix C ‘Number of cubes’ to pairs of students and ask them to complete the table.
1. Ask students assessing and advancing questions (DOCX 327 KB) to further student thinking.
Table 1: assessing and advancing questions
	Assessing questions
	Advancing questions

	Which cells in the table have you been able to calculate so far?
	What could the dimensions of the base have been to make an area of ?

	What shape is the base of the prism?
	How many other ways could you make a volume of 40 ?

	How do we calculate the area of a rectangle?
	When the dimensions are doubled, what happens to the area of the base?

	Can you use the centicubes to show what you know about the prism so far?
	When the dimensions are doubled, what happens to the volume?

	
	How might you calculate the volume of a triangular prism with the same dimensions as a rectangular prism?


Summarise
1. Assign students to visibly random groups of 3 (bit.ly/visiblegroups) at vertical non-permanent surfaces (bit.ly/VNPSstrategy). Ask students to find 2 different ways they can calculate the volume of a rectangular prism. They are to record their 2 different rules on their vertical surfaces.
1. Students are to conduct a gallery walk (bit.ly/DLSgallerywalk) to look at the rules that other groups have created, and how they have expressed them.
It is expected that students will come up with rules similar to Volume = length × breadth × height and Volume = area of base × height.
1. Draw student’s attention to the different rules that have been used and the different notation that has been used to write rules in ‘shorthand’.
1. Use the Pose-Pause-Pounce-Bounce questioning strategy to facilitate a class discussion about the different rules. Useful question prompts may include:
When finding the volume of a rectangular prism, why can we either multiply the length, breadth and height of the prism or multiply the area of the base by the height?
How would the volume change if the box was turned on its side?
The class should come to a consensus that we can use 2 different rules for finding the volume of a rectangular prism and that they can be written as  and .
Teachers should remind students that there is a multiplication sign between each variable in the rules.
1. Use slides 7–18 from the PowerPoint Multiple cubes for explicit teaching of the formula for the volume of a rectangular prism using the Worked examples (Your turn) method (DOCX 420 KB).
1. Distribute Appendix D ‘What is different?’ to students and ask them to work in pairs to complete the questions.
1. On completion, use a Pose-Pause-Pounce-Bounce to consider how changing the dimensions of a rectangular prism impacts the volume. Useful questions for the class discussion may include:
How was the volume affected when changes were made to the dimensions of the prisms?
How could you use what you knew about the volume of one prism, to calculate the volume of other prisms?
How could you use what you knew about the volume of the rectangular prism to determine the volume of the triangular prism?
Apply
1. In their previous groups of 3 at vertical non-permanent surfaces, distribute Appendix E ‘Volume problems’ and ask students to solve the problems.
1. Use a gallery walk for students to view the solutions of other groups.
1. Use a Pose-Pause-Pounce-Bounce questioning strategy to discuss the solutions. Useful question prompts may include:
How did you know which rectangular prism had the greatest height?
Which of the formulas,  or  did you use to solve the problems?
What did you notice when comparing your own solution to the solutions of others?
What technique did you use to find a solution?
What technique could you use to find multiple solutions?

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
If teachers have chosen to use the optional activity from Appendix A, teachers could have some preconstructed boxes available to support students, allowing them to focus on filling the box with centicubes.
Ensure the centicubes are still available for students when completing Appendix C.
Summarise
Teachers may choose to omit Example 3 from the PowerPoint if their students are not yet ready to solve problems to find an unknown side.
Apply
Have centicubes available to provide a physical representation of the problems.
Students requiring support could be directed to the ‘Transum Volume’ webpage (bit.ly/volumetransum). Level 1 reinforces the concept of volume of a rectangular prism through counting cubes. Level 2 provides more practise using the formula to calculate the volume of a rectangular prism. (Note that the site uses the term ‘cuboid’ rather than rectangular prism.)


Suggested opportunities for assessment
[bookmark: _Hlk147833561]Launch
Monitor student discussion noticing the use of terms associated with measurement and volume.
Explore
Students will be completing the table in Appendix A based on the dimensions of the prism they created, which will be different to other groups. Monitor how quickly students transition from using the centicubes to identifying the patterns and completing the table without the concrete materials.
Summarise
Teachers can collect students’ answers to Appendix D ‘What is different?’ to check for understanding.
Apply
Encourage students to justify their conclusions, formatively assessing their reasoning for their thinking.


Appendix A
Make a box
Equipment
Scissors, one per student
Sticky tape, one per group
Centicubes, 100 to 200 available
16 cm by 20 cm grid, one per student
Method
1. Assign students to visibly random groups of 3.
1. Tell students to draw a rectangle on the grid. Important points to emphasise include:
all members of the group should draw the same size rectangle
the rectangle should have side lengths with values from 4 cm to 10 cm
the rectangle should be drawn towards the centre of the grid, not on the edge
the lengths need to be integer values.
Explain that the rectangle they have drawn will be the base of their box.
Ask students to draw either a 1 cm border, a 2 cm border or a 3 cm border around their rectangle, with a member of each group choosing a different one.
Ask students to mark out a square in the border at each corner of their rectangle and instruct them to cut the square out. Encourage students to place a cross in each square before they cut the square out, to avoid cutting the wrong part.
Ask students to fold the edges up to form a box. Students may use sticky tape to hold the sides of the box in place.
Ask students to fill their box with centicubes and to count the number of centicubes used.
Figure 2: photos showing the box with a height of 2 cm and cubes
[image: Four photos.
First photo shows an open, empty paper box. Second photo shows the paper box filled with 30 blue, red and yellow cubes. The third photo shows the 30 blue, red and yellow cubes in the shape of the box laying beside the box. In the box is a second layer of cubes that are red, green, blue and yellow. The fourth photo shows the 2 layers of cubes in the shape of the box but with the paper box removed.]
[image: A graph paper with a 16 centimetre by 20 centimetre grid.]
Appendix B
Multiple cubes
Complete the table below.
	Length of base

	Breadth of base

	Area of base

	Height of prism

	Number of cubes


	
	
	
	1
	

	
	
	
	2
	

	
	
	
	3
	

	
	
	
	5
	

	
	
	
	8
	

	
	
	
	10
	

	
	
	
	20
	

	
	
	
	100
	




Appendix C
Number of cubes
Complete the table by filling in the blank spaces.
	[bookmark: _Hlk166142989]Length of base

	Breadth of base

	Area of base

	Height of box

	Number of cubes


	4 
	5 
	
	2 
	

	4 
	5 
	
	3 
	

	
	2 
	20 
	4 
	

	
	
	20 
	5 
	

	2 
	3 
	
	
	30 

	2 
	4 
	
	
	40 

	3 
	
	12 
	3 
	

	
	
	7 
	5 
	

	5 
	6 
	
	10 
	

	8 
	10 
	
	6 
	




Appendix D
What is different?
	Question number
	Diagram
	What has changed from the previous question?
How will the volume change?
	Calculate the volume

	1. 
	[image: A black and white wire frame rectangular prism with dimensions 4 cm, 4 cm and 4 cm.]
	
	

	1. 
	[image: A black and white wire frame rectangular prism with dimensions 4 cm, 4 cm and 5 cm.]
	
	

	1. 
	[image: A black and white wire frame rectangular prism with dimensions 8 cm, 4 cm and 5 cm.]
	
	

	1. 
	[image: A black and white wire frame rectangular prism with dimensions 8 cm, 5 cm and 4 cm.]
	
	

	1. 
	[image: A black and white wire frame rectangular prism with dimensions 0.8 cm, 0.5 cm and 0.4 cm.]
	
	

	1. 
	[image: A black and white wire frame rectangular prism with dimensions 80 cm, 100 cm and 40 cm.]
	
	

	1. 
	[image: A black and white wire frame triangular prism with dimensions 80 cm, 100 cm and 40 cm.]
	
	


Appendix E
Volume problems
1. Here are the bases of rectangular prisms A, B and C.
Each rectangular prism has the same volume.
Which prism has the greatest height?
[image: The bottom section of 3 wire frame rectangular prisms with blue bases, labelled A, B and C. The base of prism A is 3 by 3, prism B is 4 by 3 and prism C is 2 by 3. The tops of the prisms are obscured by a freeform shape shaded pale blue and white.]
1. Jo found he could cover the base of his box with blocks, as the picture shows, and he could stack the blocks 5 high to fill the box.
How many blocks could he fit in the box?
[image: Colourful blocks on a wooden floor, in the shape of a 6 by 8 rectangle with some blocks in a small pile beside the rectangle.]
How many different bases could Jo use for a rectangular prism if he had 180 blocks to build the prism?


Sample solutions
Appendix C – number of cubes
	Length of base

	Breadth of base

	Area of base

	Height of box

	Number of cubes


	4 cm
	5 cm
	20 
	2 cm
	40 

	4 cm
	5 cm
	20
	3 cm
	60 

	10 cm
	2 cm
	20 
	4 cm
	80 

	Factor of 20
1, 2, 4, 5, 10
	Factor of 20
	20 
	5 cm
	100 

	2 cm
	3 cm
	6 
	5 cm
	30 

	2 cm
	4 cm
	8 
	5 cm
	40 

	3 cm
	4 cm
	12 
	3 cm
	36 

	1 cm or 7 cm
	1 cm or 7 cm
	7 
	5 cm
	35 

	5 cm
	6 cm
	30 
	10 cm
	300 

	8 cm
	10 cm
	80 
	6 cm
	480 


Appendix D – What is different?
	1. 
	[image: A black and white wire frame rectangular prism with dimensions 4 cm, 4 cm and 4 cm.]
	


	1. 
	[image: A black and white wire frame rectangular prism with dimensions 4 cm, 4 cm and 5 cm.]
	


	1. 
	[image: A black and white wire frame rectangular prism with dimensions 8 cm, 4 cm and 5 cm.]
	


	1. 
	[image: A black and white wire frame rectangular prism with dimensions 8 cm, 5 cm and 4 cm.]
	


	1. 
	[image: A black and white wire frame rectangular prism with dimensions 0.8 cm, 0.5 cm and 0.4 cm.]
	


	1. 
	[image: A black and white wire frame rectangular prism with dimensions 80 cm, 100 cm and 40 cm.]
	


	1. 
	[image: A black and white wire frame triangular prism with dimensions 80 cm, 100 cm and 40 cm.]
	



Appendix E – volume problems
1. C has the greatest height.
1. Box of blocks
1. 48 x 5 = 240 blocks
Possible dimensions include: 
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