
Volume of trees
Students will explore the volume of wood necessary to make various timber products. They will explore a variety of formulas used in the Forestry industry, including the volume of a cylinder.
Visible learning
Learning intentions
To be able to solve equations.
To be able to find the volume of objects.
Success criteria
I can substitute values into a formula.
I can verify solutions to an equation by substitution.
I can find the volume of a prism and cylinder.


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 volume and capacity to solve problems involving right prisms and cylinders MA4-VOL-C-01
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Launch
	Display the dining setting on slide 3 of the PowerPoint Volume of Trees (VOT PPT). Students estimate how many trees it would take to build the dining setting. Students then brainstorm what they would need to know to make a more accurate estimate.
	Turn and talk
Finger voting
Mini whiteboards
Pose-Pause-Pounce-Bounce
	Activate prior knowledge of volume, and in particular volume of prisms, compared with volume of cylinders.

	Explore
	Using Appendix A, which has the measurements for the dining setting shown in the Launch, students calculate the volume of wood in the dining setting.
Students measure the circumference of 5 different trees and use the formula  to aid in calculating the volume of wood in the tree. They record their results in Appendix B.
	Visibly random groups of 3
Vertical non-permanent surfaces
Gallery walk
	Students revise formulas for finding the volume of prisms and cylinders.

	Summarise
	Students revise their estimate of how many trees it would take to build the dining setting from the Launch, based on their calculations of the volume of wood in a tree.
	Gallery walk
	Students use calculations to support their reasoning and decision making.

	Apply
	Display slide 5 from the PowerPoint which shows the formula . This formula caters to the fact that a tree isn’t a perfect cylinder. Students recalculate the volume of wood in their trees and revise their estimate for the number of trees needed to build the dining setting.
	
	Students further refine their estimate and reasoning as they adapt their model for determining the volume of wood in a tree.



Activity structure
Please use the associated PowerPoint Volume of trees (VOT PPT) to display images in this lesson.
Launch
Display slide 3 of the PowerPoint (VOT PPT) and pose the question ‘How many trees would you need to make this dining setting?’
Use a turn and talk (bit.ly/classroomtalkmoves) for students to discuss their thoughts and reasoning.
Use finger voting or mini whiteboards for students to share their answers. 
Use the Pose-Pause-Pounce-Bounce questioning strategy (PDF 557 KB) (bit.ly/posepausepouncebounce) to ask pairs to share their reasoning.
Brainstorm with students what information they would require to make a more accurate estimate.
Explore
1. Assign students to visibly random groups of 3 (bit.ly/visiblegroups) at vertical non-permanent surfaces (bit.ly/VNPSstrategy).
1. Provide a copy of Appendix A – ‘Dining setting’ to each group. Ask students to use the given measurements to calculate the volume of wood required to make the dining setting.
1. Students can perform a gallery walk (bit.ly/DLSgallerywalk) to compare their volume and strategy with those of other groups. Allow students time to return to their own group and correct any errors as necessary. 
1. Advise students that they are going to investigate the volume of wood in an average tree.
1. Working in their groups of 3, students are to use a tape measure and 5 m of string to find the circumference of 5 different trees. The circumference should be measured at a height of approximately 1 m from the ground.
If schools do not have large enough trees for this activity, it is suggested that you supply students with the circumference of trees from the local area.
1. Students should record their measurements in Appendix B ‘Dimensions of trees’.
1. After returning inside, inform students that the timber industry uses the formula  to estimate the height of a tree. Where d is the diameter of the tree in metres.
1. Working in their groups of 3, students should determine the diameter of each of their 5 trees, before finding the heights and the volume of wood in each tree.
Students will be able to use the formula  or  to find the diameter of their trees.
Ask groups to consider the reasonableness of their answers and to discuss how they can determine if they have calculated correctly.
Students may require prompting to remind them that they can substitute their diameters back into the circumference formula to check their answers.
Summarise
1. Students should return to the Launch question and revise their estimate of how many trees it would take to create the dining setting, justifying their response.
Students may consider the height and width of trees, as well as their volume in determining their answer. This question was posed on page 2 of Appendix B.
Students are to perform a gallery walk to view other group’s solutions and reasoning.
Apply
1. Inform students that trees have a similar shape to a cylinder but because they taper off (get smaller at the top) the volume of a cylinder formula is not very accurate when calculating the volume of wood each tree contains. 
1. Display slide 5 from the PowerPoint (VOT PPT) which shows the formula , where  is the diameter of the tree in centimetres and  is the length of the tree in centimetres. 
1. Explain that this formula is used to give a more accurate estimate of the volume of wood in a tree.
1. Students will use page 2 of Appendix B to use this formula to calculate the volume of wood in their 5 trees. They will need to copy the diameter and height of their trees from the initial table on page 1. 
1. Using the Pose-Pause-Pounce-Bounce questioning strategy ask students:
How does this compare to the volumes they calculated using the volume of a cylinder formula?
How does this new estimate of volume affect how many trees they will need to make the dining setting? 
1. 

Assessment and differentiation
Suggested opportunities for differentiation
Launch
There is no correct answer for the number of trees required to build the dining setting so students should be encouraged to practise their estimating and reasoning skills.
Explore
Teachers can strategically assign different parts of the dining setting to different students to calculate the volume. The design of the chairs could be simplified to enable simpler calculations.
Measurements could be converted to metres before calculating the volume. 
Students could be supplied with 1 cm cubes for them to build the dining setting to assist them in determining its volume.
Students may need to be prompted to use the circumference formula to find the diameter of the trees.
Students may need to be reminded of backtracking, to help them find the diameter from the circumference.
By working in groups, if students are not yet comfortable with finding the diameter from the circumference, they can use the diameter calculated by other members of their group to determine the volume.
Apply
Students may need to be reminded that  can be entered into their calculator as 


Suggested opportunities for assessment
[bookmark: _Hlk147833561]Launch
Observe students' reasoning skills when discussing the number of trees required to make the dining setting and the information required to accurately calculate the volume of wood.
Explore
Students working at vertical non-permanent surfaces means the teacher can assess student progress and provide support where appropriate.
When placed in groups of 3, students provide and receive peer feedback on their understanding
Student work from Appendix A could be collected as evidence of being able to calculate the volume of prisms.
Student work from Appendix B could be collected as evidence of substituting into a formula and solving equations.
Summarise
A gallery walk allows students to self- and peer-assess following the activity.
Apply
Students will again demonstrate their ability to substitute values into a formula.


[bookmark: _Appendix_A]Appendix A 
Dining setting
1. Use the given measurements to calculate the volume of wood in the dining table.
[image: Dining setting with measurements: 2400 millimetres in length, 1070 millimetres in width. The table top is 30 millimetres in height, while the table legs are 740 millimetres high and 110 millimetres wide.]

Use the given measurements to calculate the volume of wood in the chairs.[image: A chair with measurements:
Height: 1000 mm.
Width: 390 mm.
Depth: 420 mm.

The chair's legs are 380 mm high with a width of 30 mm, the base of the seat is 80 mm.

The chair's back is 350 mm high, with 3 sections. The large centre section is 115 mm wide, and the 2 smaller sections are 20 mm wide. The height of the top panel is 40 mm and the width is 25 mm.] [image: The back of a chair with measurements given in the previous image.]
What is the total volume of wood required to build the dining setting?

[bookmark: _Appendix_B]Appendix B 
Dimensions of trees
1. Find the circumference of 5 different trees. You should measure the circumference at a height of approximately one metre from the ground.
	Tree
	Circumference
	Diameter
	Height, 
	Volume of wood

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	




How many trees would you need to build the dining setting? Justify your answer.
Use the formula to calculate a more accurate estimate of the volume of wood in each of your 5 trees.
	Tree
	Diameter
	Height 
	Volume of wood, 

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	


How do these volumes compare to the volumes you calculated when you treated the trees as cylinders? How does this affect how many trees you need to build the dining setting?


Sample solutions
Appendix A – dining setting
Students could convert measurements to metres first to avoid having to convert between cubic millimetres and cubic centimetres.
Table
1. Volume of table top:

Volume of table leg:

Total volume of table:

Chairs
Volume of back chair legs:

Volume of front chair legs:




Volume of seat:

Volume of horizontal top bar:

Volume of horizontal bottom bar:

Volume of left and right vertical bars:

Volume of middle vertical bar:

Total volume of chair:

Dining setting
Total volume of dining setting:
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