
Deep dive
Students explore the design of a variety of pools with a range of depths. Each pool is a composite solid and students compare the pools in terms of volume, capacity and surface.
Visible learning
Learning intentions
To be able to dissect a composite solid into known solids.
To be able to calculate the volume of a composite solid.
Success criteria
I can identify the solids that make up a composite solid.
I can calculate the volume of a composite solid.
I can calculate the capacity of a composite solid.
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 problems involving the surface area of right prisms and practical problems involving the area of composite shapes and solids MA5-ARE-C-01
solves problems involving the volume of composite solids consisting of right prisms and cylinders MA5-VOL-C-01
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Activity structure
Launch
Display Appendix A ‘Which pool holds the most amount of water?’ for students to view, or display slide 3 in the Deep dive PowerPoint. Ask students to consider which, of the 4 different pools, holds the most water and the reasons why.
Students are to Think-Pair-Share (bit.ly/thinkpairsharestrategy) their thoughts on which pool they believe would hold the most water.
Students’ thoughts should then be shared either through a class discussion or an online poll such as Mentimeter (mentimeter.com), where reasons should also be shared.
This activity is intended to get students considering what characteristics of a pool need to be considered when determining the amount of water it will hold. For example, shape, depth, size and so on.
Explore
Students will now explore the characteristics of 2 different pool designs, a local swimming pool and a resort pool.
Local swimming pool
1. Ask students to consider their local swimming pool and whether it is the same depth throughout the pool or if it has a shallow end and a deep end.
For the purposes of this activity, the local pool needs to be rectangular and have a shallow end and a deep end. If the school’s local swimming pool is not like this, select another pool for students to consider.
1. Using mini whiteboards (bit.ly/miniwhiteboards) or otherwise, ask students to individually draw the top view of the local swimming pool. Then ask students to display what they have drawn. This is an opportunity to look for student misconceptions. They should have drawn a rectangle.
1. Next, ask students to draw a side view of the local swimming pool on their mini whiteboards. Allow them time to attempt this without any prompting. After allowing students some time, ask students to consider if they may have forgotten something and eventually remind them that there is a deep end and a shallow end. Ask students to display what they have drawn.
Students will have a range of images at this point. Depending on students’ understanding of the concept of volume and 3-dimensional figures, decide on which shape students will investigate further. Students will also need to know the dimensions of the pool. Most local pools are either 25 or 50 metres long, with 8–10 lanes. Some shape suggestions are in Appendix B ‘Local swimming pool designs’, which includes a trapezoidal prism and further composite solids.
1. Prior to students exploring the local swimming pool, as a class discuss how the side view of the swimming pool can be split into rectangular and triangular prisms. Are there multiple ways to do this?
1. Arrange students into random groups of 3. Students will work in groups with the chosen design of the local swimming pool and its dimensions to perform calculations of the volume and the amount of water it holds. Appendix C ‘Deep dive pool design’ has been supplied as a handout for students to work from.
Resort pool
1. Students will now explore a resort pool that has a consistent depth, although its top view is made of composite solids. Display Figure 1, the image of the resort pool for students.
1. Ask students to explain how they could break this 2-dimensional solid up into known shapes, that is rectangles and a semi-circle.
[bookmark: _Ref136938745]Figure 1 – image of a resort pool
[image: Composite shape
large rectangle 25 x 13 m
top left corner another rectangle 5 x 4 m
bottom right corner a semi circle spa with diameter 8m.]
Image created using the free virtual manipulates at geogebra.org.
1. Decide as a class on the depth of each section of the resort pool and have students record this on their Appendix C ‘Deep dive pool design’ handout.
The depth choice and the design will be dependent on the class and/or students’ ability. For example, the entire pool, including the spa could be the same depth, or the spa could be a different constant depth to the rest of the pool, or the small rectangle could go from shallow to deep.
1. Students will now return to their groups to perform calculations for the resort pool including the volume and the amount of water it holds. Appendix C ‘Deep dive pool design’ can continue to be used.
1. Students will then compare the 2 pools, as they are both 25 metres in length.
1. After students have finished their calculations, conduct a class discussion to explore the findings of each pool investigated.
Summarise
1. Use the Deep dive PowerPoint slides 5–11 for explicit teaching of calculating the volume of composite right prisms with uniform cross sections that can be dissected into triangles, quadrilaterals, sectors, semicircles and quadrants.


The explicit teaching technique used in the PowerPoint is ‘Your turn’. The first slide is a worked example which should be displayed for the students and then use the following steps.
1. Reveal the question to the students and its solution.
1. Students read in silence.
1. Students individually think and explain to themselves what is happening in each step.
1. Students hold a thumbs up to the teacher when they have finished reading and have some sort of understanding.
1. Think-Pair-Share. Students explain the solution to their partner.
1. In pairs, students then answer the self-explanation questions.
1. Finally, randomly select students to share their answers with the whole class, using a technique such as Pause-Pose-Pounce-Bounce question strategy [PDF 200KB] (bit.ly/pausepouncebounce).
Students should make notes to their future self (bit.ly/notesstrategy) and complete some practice questions.
Apply
1. Students are to design their own pool to enter a pool design competition. The requirements of the competition state that the pool design:
must fit within a 6 m by 10 m flat block of land
have both straight and curved edges around its perimeter
contain 55 kL to 65 kL.
Students will need to submit a diagram of the top and side view of the pool as well as supporting calculations.

Assessment and differentiation
Suggested opportunities for differentiation
Explore
To support the varying ability levels of students, a range of local pool designs have been supplied for the teacher to select the one that best meets the students’ needs.
To support the varying ability levels of students, different depths could be considered for the resort pool to best meet the needs of every student.
To extend students they could consider the tiles of the pool and calculate the surface area that would require tiling.
To extend students they could consider the time it would take to fill the pool by researching the flow rate of a hose.
Apply
To extend students, consider adding additional criteria for students to consider when designing their own pool. For example, the block of land may not be rectangular, they could be supplied with a house plan and design a pool that fits in a particular backyard.
To support students, some criteria of the pool could be removed such as the amount of water that the pool must contain.
Suggested opportunities for assessment
Monitor student discussions in group work to check for understanding.
Collect Appendix C ‘Deep dive into pool design’ from each group to check calculations and reasons provided.
Collect the pool designs from each student to use as summative assessment.
[bookmark: _Appendix_A]

Appendix A
Which pool holds the most amount of water?
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Figure 1 – resort pool area
[image: Costa Rica J W Marriott Resort Pool area]
‘Costa Rica J W Marriott Resort Pool area’ by John Menard is licensed under CC BY-SA 2.0.
Figure 2 – backyard – pool before rebuild
[image: Backyard - pool before rebuild]
‘Backyard – pool before rebuild’ by Julie Corsi is licensed under CC BY 2.0.
Figure 3 – pool at Bondi Icebergs
[image: An image of a pool on the edge of the ocean.]
Image by Belle Co is licensed under Pexels License
Figure 4 – pool at the US Olympic swim team trials
[image: Pool Safely at the U.S. Olympic Swim Team Trials]
‘Pool Safely at the U.S. Olympic Swim Team Trials’ by PoolSafely is licensed under CC BY 2.0.

[bookmark: _Appendix_B]Appendix B
Local swimming pool designs
Depending on the class and/or student’s ability level, select one or more of the following side views of the local swimming pool for students to investigate. The width of the pool will also need to be supplied to the students.
	Pool design
	Side view and dimensions

	Trapezoidal
	[image: Trapezium, parallel sides 2.3 and 1.3 m and perpendicular side 25m]

	Sloped
	[image: Trapezium, parallel sides 2.3 and 1.3 m and perpendicular side 25m. The diagonal side is flattened out to form another parallel side length 10cm before slopping up to the 1.3m side]

	Spooned
	[image: 6 sided shape
1.5m up, 25 m perpendicular to 1.5, 1.3 m perpendicular to 25 and down, slop side down to a 10m side parallel to the 25 m side and back up to the 1.5 m side completing the shape. The final side is 0.8m high and 5 m across.]


Images created using the free virtual manipulatives at geogebra.org/. 


[bookmark: _Appendix_C]Appendix C
Deep dive into pool design
Local swimming pool
1. Sketch the side view and the 3-dimensional solid, including dimensions, which represents the local swimming pool.
	Side view
	3-dimensional solid

	
	


1. Calculate the volume of the pool.
1. A pool cover is to be purchased that needs to cover the entire pool’s surface with 1 metre extra around the perimeter. Calculate the dimensions of this cover.
1. If the pool is only filled until it is 0.3 m from the surface, calculate the amount of water the pool holds in litres. Remember that  and .
1. Olympic swimming pools are much deeper than regular pools to decrease the change of waves forming and to increase the swimmers’ performance. In a deeper pool the splash and turbulence take longer to get down to the bottom of the pool, meaning that it doesn’t ricochet back up into the swimmers. Olympic pools also have a constant depth throughout the entire pool. If the local swimming pool’s depth was to be adjusted to a constant 3 metres throughout, by how much would the capacity of the pool change?
Resort pool
Figure 5 – image of a resort pool
[image: Composite shape
large rectangle 25 x 13 m
top left corner another rectangle 5 x 4 m
bottom right corner a semi circle spa with diameter 8m.]
Image created using the free virtual manipulates at geogebra.org.
1. Split the resort pool into 3 different known shapes and record their dimensions.
1. Record the depth of each section of the resort pool.
1. Calculate the volume of the pool.
1. If the pool is only filled until it is 0.3 m from the surface, calculate the amount of water the pool holds in litres. Remember that  and .
1. If a pool cover was to be purchased that needed to cover the entire pools surface with 1 metre extra around the perimeter, calculate the dimensions and area of this cover.
1. This pool is the same length as the local swimming pool. Compare the 2 pools, in terms of volume, amount of water they both hold and the size and area of the pool cover.
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