Boxing Match – Teacher’s Guide
This lesson is intended to help students understand an application of cubic functions. 
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 compute the volume of a rectangular prism. 
2. Students should be able to name variables and create expressions with the variables they create. 
Materials
1. Each student will need 3-4 blank sheets of 8.5x11 cardstock (or printer paper), scissors, a ruler, a calculator, and the student page. Tape for the corners of the box is optional. 
Objectives
1. All students will have a hands-on experience making boxes with an open top and computing their volumes, which is a common word problem that they see in Calculus class. 
2. Students will discover that there is a pattern to the volume as a function of height of the box when they plot the scatterplot of their data. 
3. Students will write a function for the volume of the box as a function of one variable. 
a. Recognize that the length, width, and depth are related
b. Recognize that the length comes from the 11” minus 2 segments of the corner side (x)
c. Recognize that the width comes from the 8.5” minus 2 segments of the corner side (x)
d. Recognize that the height come from folding up portions of the paper along the corner side (x)
e. Think about (a)-(d) physically and numerically, e.g., for a corner that is 1.1” by 1.1”, length=11−2 ⋅1.1, width=11−2 ⋅1.1, height=1.1 (repeated for several other measurements)
f. then translate that to the algebraic expressions
g. and finally write an equation
Teacher Guide (~30 minutes) 
Place students into groups of 2, 3 or 4.  Each student should have 3-4 blank sheets of card stock, scissors, and a ruler in front of them.  
1. Slide1: Cover slide. 
[image: A cardboard box with a open lid

Description automatically generated] 
2. Slide 2:  
[image: A white square with black text

Description automatically generated]
Have each student create their own box so that everyone can experience the construction process. Some students may struggle at first and realize that if they don’t cut a square the sides won’t match up. Let them try and figure this out on their own. 
3. Slide 3: 
[image: ]
Allow students to compute the volumes of their boxes in their groups with little instruction. If students are not using the same units, ask how they can make sense of the answers of other students and come to a class decision about units. At this point, you should specify that all students use the same units (inches or centimeters). Have them record their lengths, widths, depths, and volumes for all of the boxes their group creates on their student page.
4. Slide 4: 
[image: A white square with black text

Description automatically generated]
Ask all students to create another box by cutting out smaller squares and compute the volume. Get them to make a conjecture on whether the smaller squares will make the volume bigger or smaller than the volume of their previous box. This will help the students think about how changing the size of the square impacts volume. Have them record their lengths, widths, depths, and volumes for all of the boxes their group creates on their student page.



5. Slide 5:
[image: A white square with black text

Description automatically generated]
Ask students to create another box by cutting out larger squares and compute the volume. Ask students to again make a conjecture about the volume. This will again help the students think about how changing the size of the square impacts volume. Have them record their lengths, widths, depths, and volumes for all of the boxes their group creates on their student page.
6. Slide 6:  
[image: A graph with numbers and lines

Description automatically generated]
Have each group record the data for the boxes that each of the students in their group created on their handout. Allow them to plot the data they gathered. 

Then have a class discussion in which you collect the data of all of the students’ box depths (side lengths of their squares) and volumes in a spreadsheet and create a scatter plot. (The supplemental spreadsheet is preformatted for you.) This is a good time to discuss what the independent and dependent variables represent, what letters you used to name them, and what the units will be. Before plotting the points, ask students to talk to each other to predict what the scatter plot will look like. The student page includes a blank set of axes so that students can easily create their own scatterplots. 
Here is a sample scatterplot:







7. Slide 7: 
[image: A blue background with black text

Description automatically generated]
Groups should talk about how the side lengths of the square determine the length and width of the box. 
a. Recognize that the length, width, and depth are related 
b. recognize that the length comes from the 11” minus 2 segments of the corner side (x)
c. recognize that the width comes from the 8.5” minus 2 segments of the corner side (x)
d. recognize that the height come from folding up portions of the paper along the corner side (x)
e. Write algebraic expressions for the length and width as a function of x. Why does it make sense that the length and width should have x’s in them? (Discuss part a)

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

Description automatically generated]
Students should start thinking about a function, defining variables, etc. Have students name variables and write a function for the volume based on those variables. Challenge them to write the volume as a function of one variable. A sample answer for an 8.5 inch by 11 inch page is: . 

Additional discussion questions:
a. Who was able to make a box with the largest volume? Who made a box with the smallest volume? 
b. Did you find that there was a size of square that was too big to use to make a box? If so, what size was it? 
c. Do you think anyone found the maximum volume that’s possible for the size of page used? If not, how could we calculate it?
d. How did your class scatter plot compare with the graph of the function you created? Can you explain the trends that you notice?

Common Student Pitfalls
· Students may have trouble initially with the formula for the volume and may need to be reminded that the square is cut from each end of the page, so they should subtract twice the square’s side length to get the length of a side.
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Now make another box by cutting out smaller
squares. Calculate its volume. Will the volume be
bigger or smaller?
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Now make another box by cutting out larger
squares. Calculate its volume. Will the volume be
bigger or smaller?
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Report your depths and volumes.
Discuss: How will the scatter plot will look?
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Discuss:
How are the side lengths of the square related to the
length and width of the box?

If the square has sides of length x, what are the
length and width of the box?
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Can you come up with a function that gives
the volume of any box in your class as a
function of the depth?
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Use your sheet of cardstock, scissors, tape,
and ruler to create a box with an open top.
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Now use your ruler to measure the length,
width, and depth of your box.
Compute the volume of the box.

Talk to others in your group. How does the
volume of your box compare to others’?




