
Cup or cone?
This activity incorporates Path content.
Students explore finding the volume and surface area of cones through a debate of cup or cone for ice-cream. Students also explore a range of solids, comparing their volume and surface area.
Visible learning
Learning intentions
To be able to solve problems involving the surface area and volume of cones. 
Success criteria
I can calculate the volume of cones.
I can calculate the surface area of cones.
I can identify the shapes that make up the surface area of a cone
I can calculate the volume and surface area of composite solids.
Syllabus outcomes
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 the surface area of right pyramids and cones, spheres and composite solids to solve problems MA5-ARE-P-01
applies knowledge of the volume of right pyramids, cones and spheres to solve problems involving related composite solids MA5-VOL-P-01
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Activity structure
Launch
1. Display Figure 1 for students to view (slide 3 from Cup or Cone? PowerPoint) and ask students to consider if they would rather have an ice-cream in a cup or in a cone.
Figure 1 – cone or cup?
[image: A photo of a shop bench that contains cylindrical cups and a range of ice-cream cones. ]
2. Allow students to discuss their choice and reasoning in a Think-Pair-Share (bit.ly/thinkpairsharestrategy).
3. [bookmark: _Hlk126866688]Through a class discussion, record all reasons for students’ choices for them to view. This could be by writing it on the board or using a Mentimeter (mentimeter.com/). 
It is important to record and display student reasons for their choice, as most reasons are valid and should be recognised. One reason that should be discussed is that you may get more ice-cream in one option than you would in the other. If this reason is not given by a student, use questions to prompt students to consider this. 
4. Ask students to consider which option would give you the most ice-cream. This should be a simple guess and students can show their choice using a finger vote, that is hold up one finger to vote cone and 2 fingers to vote cup. 
5. Explain to students that comparing the ice-cream cone with the cup will be the focus of the activity. Ask students to consider what information they may need to make a definite decision on which option would give the most ice-cream, cup or cone? 
This should allow for a brief discussion on the volume of each option, what solid each option is, and what measurements may be required to calculate the volume. Students should recognise that they need to find the volume of a cone and cylinder.
Explore
Part 1 – volume
1. Display Figure 2 for students to view (Slide 5 from Cup or cone? PowerPoint) and ask them to consider what they notice and what they wonder.
Figure 2 – cone and cup with dimensions
[image: An ice-cream cone with a height of 15cm and diameter of 7cm next to an ice-cream cup. The ice-cream cup is cylindrical with a hieght of 8cm, top diameter of 10cm and bottom diameter of 8cm. ]
 ‘Ice Cream Cone S'mores’ by PersonalCreations.com is licensed under CC BY 2.0 and ‘Ice Cream and Waffle in Paper Cup’ by Jeswin Thomas is licensed under Pexels license.
Students may recognise that the cup shown isn’t a cylinder, since the base diameter is smaller than the top diameter. Students should be encouraged to explore this idea and how they may find the volume. For example, they may find the average volume between a cylinder using the base diameter to a cylinder with the top diameter. Although if this is too much of an extension for students, remove the 8 cm and assume it is a cylinder.
Students may also recognise that ice-cream usually sits above the cone and/or the cup, and this factor could also be explored using hemispheres.
Once the students have discussed the factors that need to be considered, and decided what they will explore in terms of volume of ice-cream, use slides 6 to 10 of the Cup or cone? PowerPoint to explicitly demonstrate how to calculate the volume of a cone. Alternatively, allow students to make the connection between pyramids and cones to discover the formula on their own.
When students are confident applying the formula for the volume of a cone to problems, assign students into random groups of 3. Students are to work at Vertical Non-Permanent Surfaces (VNPS) (bit.ly/VNPSstrategy) to calculate the volume of the cup and the cone. 
As groups begin to finish, encourage them to take a gallery walk (bit.ly/DLSgallerywalk) to compare their results with other groups.
Part 2 – surface area
1. Provide students with a new consideration: 
‘A store offers to coat either your cup or cone with chocolate before adding ice-cream. If you want to get the most chocolate coating possible, would you choose a cup or a cone?’ 
Ask students to consider which option they would choose. This should be a simple guess and students can show their choice using a finger vote, that is hold up one finger to vote cone and 2 fingers to vote cup. 
Explain to students that comparing the ice-cream cone with the cup will be the focus of the next part of the activity. Ask students to consider what information they may need to make a definite decision on which option would give the most amount of chocolate coating, a cup or cone? 
This should allow for a brief discussion on the surface area of each option, as well as what measurements may be required to calculate the surface area. Students should recognise that they need to find the surface area of a cone and cylinder.
Using slides 11 to 17 of the Cup or cone? PowerPoint, or otherwise, explicitly demonstrate how to calculate the surface area of a cone by exploring the net of a cone and applying the formula  .
When students are confident in applying the formula for the surface area of a cone to problems, challenge students in their groups at VNPS (bit.ly/VNPSstrategy) to determine which option would give the most chocolate coating.
As groups begin to finish, encourage them to take a gallery walk (bit.ly/DLSgallerywalk) to compare their results with other groups
Summarise
1. Students will now investigate the volume and surface area of cones in relation to other known solids and composite solids. 
1. Issue each group with Appendix A ‘Ordering solids by volume and surface area’ which has been cut up into cards. Each card has a different solid on it.
Ask each group to rank the cards in order from smallest to largest volume without performing any calculations. Either through a gallery walk or through questioning, discuss what students think might be the solid with the least volume and the largest volume, and their reasons why.
Students are to test their prediction by performing the least number of calculations with the solids. For example, students may notice that the rectangular prism and the triangular prism have the same measurements, so the rectangular prism would have a larger volume than the triangular prism without any calculations needing to be performed. 
Once students have finalised their rank, the class can come together to establish the order of solids and discuss any strategies they may have taken, without resorting to using formulas.
This task should be repeated, where students rank each solid from smallest to largest surface area. 


Apply
Display or print the following problem for students to work through, either individually or in their existing groups VNPS (bit.ly/VNPSstrategy).
1. A cylinder with diameter 3 cm and height 8 cm is filled with water.
[image: A cylinder of height 8cm and diameter 3cm.]
Decide which figures described below, if any, could hold all the water from the cylinder. Explain your reasoning.
A cone with a height of 8 cm and a diameter of 3 cm.
A sphere with a diameter of 3 cm.
A cylinder with a diameter of 8 cm and height of 3 cm.
A rectangular prism with a length of 3 cm, width of 4 cm and height of 8 cm.
· Bonus challenge: Can you create any figures that would hold the same amount of water as the cylinder?
· Extra bonus challenge: If you were able to cut the cylinder if anyway that you wanted, and rearrange the pieces, which of the above solids would you have enough material to make? 



Assessment and differentiation
Suggested opportunities for differentiation
Explore
If groups too quickly determine an answer to the cup vs cone problem, provide them with additional sized cups and cones to consider. (Most venues contain different sized cups and cones to cater for babies and children) What size cup do you need to purchase to get more ice-cream than in a cone? 
Students may find the volume of the cup by only considering one diameter. Students should be challenged to find the average of both diameters to calculate the volume.
Students can be extended by investigating the average sized ice-cream scoop and considering how many spherical scoops would fit in each option
Summarise
Some students may need some solids removed from Appendix A that are too challenging. 
Suggested opportunities for assessment
Launch
Students’ reasoning for cone or cup may highlight their understanding of geometric properties. For instance, some students might believe because the cone is taller it will hold more. 
Students highlighting the information they need to solve the problem is an important step in non-routine problem solving.
Apply
Collect student responses to check for student understanding. 

Appendix A
Ordering solids by volume and surface area
	Solid 1
[image: Rectangular prism with length 15cm, width 13cm and height 7cm]
	Solid 2
[image: Triangular prism with base 15cm by 13cm, and height of 7cm]

	Solid 3
[image: Rectangular based pyramid, we base of 15cm by 13cm and height of 14cm]
	Solid 4
[image: Cone with diameter of 15cm and slope height of 14cm.]

	Solid 5
[image: Composite prism made up of a triangular prism on top of a rectangular prism to resemble a house. Total height of 14cm, base of 13cm by 15 cm and height of rectangular prism as 7cm. ]
	Solid 6
[image: Truncated cone with diameter of 15cm, total height of 14cm and truncated height of 7cm with truncated radius of 13cm]

	Solid 7
[image: Composite solid consisting of a rectangular prism below a half cylinder. Radius of half cylinder is 13cm, as is the width of the rectangular prism. Length of half cylinder and rectangular prism is 15cm]
	Solid 8
                 [image: Composite solid consisting of hemisphere sitting on top of a cone. Radius of cone and hemisphere is 15cm. Height of cone is 14cm]


Sample solution
Appendix A – ordering solids by volume and surface area
Volume
Solid 1

Solid 2

Solid 3

Solid 4


Solid 5

Solid 6

Solid 7

Solid 8

Rank of volume from smallest to largest
1. Solid 7
1. Solid 5
1. Solid 8
1. Solid 1
1. Solid 3
1. Solid 4
1. Solid 2
1. Solid 6
Surface area
Solid 1

Solid 2


Solid 3



Solid 4

Solid 5



Solid 6



Solid 7 

Solid 8


Rank of volume from smallest to largest
1. Solid 7
1. Solid 5
1. Solid 1
1. Solid 8
1. Solid 3
1. Solid 2
1. Solid 4
Solid 6
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