Pool Party: Teachers Guide

This lesson is intended to help students understand that a constant rate of change is a fundamental feature of a linear function, and that the rate of change is the slope of the line.  Students need to have a basic understanding of unit conversions, since they are used throughout the problem. The scenario presented here asks students to find the time it takes to fill the pool using different flow rates, and also asks them to consider minimizing the cost. The lesson can be easily customized to the needs of your own students.  Items that you may wish to customize for your class include:
· Pool size or shape 
· Cost of tap water in your area
· Flow rate of water from a hose
· Flow rate or capacity of a water tanker
Guiding Principles
1. Active Learning: Students will work together to find a solution to a problem that requires them to seek out or select the information required, perform calculations, and evaluate their actions in the context of the problem.
2. Meaningful Applications: Students will work on an interesting application with perhaps multiple solution paths, where they will identify a mathematical function that models the situation.
3. Academic Success Skills: Students use intuition and perseverance to recognize that they can find solutions to real-life problems.
Prerequisites
1. Students should be able to calculate an average rate of change and recognize that it is the slope of a linear function.
2. Students should be able to calculate conversions between units of measure. 
3. Students should be able to recognize the vertical intercept for a linear function.
4. Students should be able to name variables and create expressions with the variables they create. 
5. Students should be familiar with piecewise-defined functions.
Materials
1. Each group will need a blank sheet of paper for calculations, the student page, and a calculator. 
Objectives
1. Students will calculate the slope for a linear function using a video to determine the change in each of the variables.
2. Students will recognize that the rate of change, or the change in the number of gallons of water each minute, is the slope.
3. Students will use a real-life example to write a piecewise-defined function.
4. Students will recognize that the rate of change is related to the steepness of the pieces in the piecewise-defined function.
5. Students will have an opportunity to begin to write a function for the volume of water in a pool as a function of time. 

Teachers Guide (~45 minutes) 
(Optional) Place students into groups of 2, 3 or 4.  
1. Slide 1: Cover Slide.  Each student should have a blank sheet of paper to take notes and do calculations.
2. Slide 2:  
[image: A blue circle with black text

Description automatically generated]
Sets the context of the problem. Have students discuss and make a list of things they need to know to solve the problem. 
3. Slide 3:  
[image: A blue circle with black text

Description automatically generated] 
Have students make a list of things they need to know to solve the problem.  





4. Slide 4:  
[image: A blue circle with text and a blue circle with a rectangular pool in the middle

Description automatically generated with medium confidence]
This slide reveals the size and shape of the pool.  Students should already know how to find the volume of a rectangular prism (length x width x height), but may need help with the irregular design of the pool. One way is to encourage them to think of it in terms of two separate prisms by cutting it up into shapes that are more recognizable. For example, they could cut as shown in red below to form a rectangular prism and a triangular prism.




Remind them that the volume of a triangular prism can be found by using (Area of base) x (Height of prism).  
This volume is found as: 16 × 32 × 3 + ½ × 32 × 3 ×16 = 2304 cubic feet. 
Students also need to know the number of gallons in a cubic foot of water.  Have them search the internet to find a conversion for cubic feet to gallons.  They should find that about 7.4805 gallons is equal to 1 cubic foot.  After converting cubic feet to gallons, students should get  gallons as the volume of the pool in gallons.
5. Slide 5: 
[image: ]
Students are told how many gallons are already in the pool, and the time in which the pool should be filled.  Students should also observe that they need to know the flow rate of the hose, which can be calculated by watching the video contained in the next slide. One student could use a smartphone app to keep track of the time it takes to fill the bucket.
6. Slide 6: 
[image: A blue circle with black text

Description automatically generated]
The purpose of the video is for students to recognize that they can calculate a flow rate by determining the amount of water that flows out in a given amount of time.  The video shows a person filling a 5-gallon bucket in approximately 1.5 minutes. Students may want to convert the flow rate to gallons per hour.  Make sure students pay attention to units:

To reinforce the idea of a constant rate of change for linear functions, ask students “How much water is being added the first hour? the second hour?”
7. Slide 7:
[image: A blue circle with black text

Description automatically generated]
This slide reveals a quicker (though expensive) way to fill the pool. Have students calculate the cost of using only the tanker truck [Answer: $750]. Ask students if it matters whether the tanker truck is brought in at the beginning or at the end (close to the time of the party) of filling the pool. What is the average rate of change without the tanker truck? [Answer: 3.33 gal/min or 200 gal/hr.] Is the average rate of change constant, or does it vary? What is the average rate of change with the tanker truck? [Answer: 128.33 gal/min or 7700 gal/hr.] Is it constant, at least during the time period when it is used?





8. Slide 8: 
[image: A blue circle with black text

Description automatically generated]
This slide asks students to determine the best option for filling the pool, considering both the time (within 24 hours) and the cost (as cheaply as possible).  [Answer: It will take 23.675 hours and cost $314.15 for a half-tank from the truck and 12,735 gallons of tap water.]
9. Slide 9: 
[image: A graph on a blue background

Description automatically generated]
Have students make a rough sketch of the number of gallons of water in the pool as a function of time, in hours.  Ask students: How is the constant rate of change (the rate at which the water flows out of the garden hose, or the rate at which the tanker truck can release its water) related to the slope on your graph?
Ask them how the tanker truck’s use affects the graph. 
This part of the activity should reinforce the concept of the constant rate of change and its relationship to the slope of the graph. You might have students identify variables for each quantity and classify them as either input or output.  Identify each of the quantities and their units of measure, and have students define names for the variables.
[image: ]
Ask students to share their graphs with the rest of the class and describe what is happening in each part of the graph. An alternative might be to have all groups display their graphs and have students try to guess what each represents.
10. Additional discussion questions:
a. Can you use function notation to write a formula for the number of gallons in the pool as a function of hours?  What type of function is it? 
Note: This is a piecewise linear function.  One way to write it is as follows. 

b. Can anyone think of a creative way to fill the pool within the required 24 hours without using the tanker truck? [One idea might be to buy another hose and use a neighbor’s water.] How does that change the graph?

Common Student Pitfalls
· Students may have trouble finding the volume of the pool. Ask them if they can cut the pool diagram up into more recognizable shapes that they could use to find the volume.
· Students might confuse cubic feet with the number of gallons required. Ask them where they might find a conversion for cubic feet to gallons.
· The purpose of the video may not occur to students at first. Ask students to discuss what information the video provides that may be useful to know when filling the pool. 
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