Super Snacks
Teacher Notes


The Right Stuff: Appropriate Mathematics for All Students
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The Right Stuff

Appropri | Students




Promoting the use of materials that engage students in meaningful activities that promote the effective use of technology to support mathematics,  further equip students with stronger problem solving and critical thinking skills, and enhance numeracy.

Overview
Students will apply the concepts of 

· Modeling – Students will use appropriate functions to model data.

· Linear Functions – Students can find the line of best fit from data that appears to be linear as well as define the slope and intercepts in terms of the scenario.

· Polynomial Functions – Students will be able to construct a table of values for polynomial functions and use that table of values to  find points on the graph.
· Extrema – Students will be able to identify points that represent maximum or minimum values.
· Functions – Students will be able to construct a revenue function.

Supplies and Materials

· Student Worksheet 3.1
· Either 3.3 Excel file, 3.4 TI-Nspire™ file, or a handheld that will create a scatter plot and find a model for the data

Prerequisite Knowledge

Students should know how to find average rate of change, analyze data numerically and graphically and construct tables of values. 

Instructional Suggestions

1. Discuss the data. What trends are noticeable?

2. What question is posed in the scenario?

3. Allow the students to create a scatter plot of price and number sold from the table. This is the most obvious way to proceed for most students.  Examine the data – does the scatter plot show all the points?  Explain.

4. Once a linear model is found, ask ‘what does it mean?’. 
5. Direct the discussion towards producing a Revenue function, and data.  Construct a scatter plot (price, revenue) and find a model.  

6. What is the most appropriate model for this data?  There isn’t just one – the model helps us find a maximum revenue – probably somewhere around $4.50 per Super Snack.

7. Discuss the practicality of the solution.

Assessment Ideas
Consider the following data:

	Price ($)
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20

	Number Sold
	125
	119
	114
	107
	101
	93
	86
	77
	69
	59
	50

	Revenue ($)
	1250
	1309
	1368
	1391
	1414
	1395
	1376
	1309
	1242
	1121
	1000


Complete the table and find an appropriate revenue function and the price that maximizes revenue.

	Introduction
The goal of this activity is to find the price at which an airline might receive the most revenue from the number of “Super Snacks” sold on some of their flights.

A new airline decided to join the other airlines by charging for snacks on flights that last longer than 90 minutes.  All their planes are 132-passenger jets. The airline put together a Super Snack that consisted of a sandwich, foil package of mixed fruit, potato chips, and a cookie.  They decided it was a service to provide snacks to the passengers but wanted to maximize their revenue from the project as well.  The Super Snacks cost them $2 each from an outside vendor. Therefore, they decided to experiment with the cost of the Super Snack to see how many would be purchased by passengers at different prices for the super snack. To keep the data comparable, they began offering the snacks on flights that began between 11:00 a.m. and 1:00 p.m. and that lasted over 90 minutes.
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	Super Snack 

Price ($)

Number 

Sold

2.5

23

2.5

24

3

18

3

21

3.5

20

3.5

18

4

15

4

14

4

15

4.5

13

4.5

11

4.5

15

5

13

5

15

5

16

5

12

5.5

9

5.5

8

5.5

10

6

8

6

9

6

7

6.5

3

7

1

                                                        Table 1


	Directions

1. Represent the data in the Table 1 with a scatter plot.

A few students might actually read the problem carefully enough to consider that this data doesn’t provide us with the information required to find a solution to the problem as stated.   Starting with this graph, though, is what most students will do and provides some interesting discussions later.
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	2. Describe the relationship between the number of Super Snacks sold and the price of the Super Snack.  Find an algebraic model to represent this relationship.

The number of Super Snacks sold decreases as the price of each snack increases.  There seems to be a linear relationship between these two variables.

Knowing that there is a relationship between these two variables indicates that revenue can also be modeled.
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	3. Since there does appear to be a relationship between these two variables, it is appropriate to investigate the problem further.

The airline is interested in the revenue from the sale of Super Snacks.

How do you compute the revenue?

Add a third column to the spreadsheet, entitled “Revenue” and place the appropriate formula in each cell so that the revenue for each price is shown.

This discussion is beneficial in many respects. 

Is the airline interested in the number sold, in revenue, or in profit?  Revenue is the most likely answer.  They probably view offering the snacks as a service and profit isn’t the major factor.

Revenue may be a new topic for some students.  Revenue is the number sold times the price per unit.
	Price

# Sold

Revenue

2.5

23

 $   57.50 

2.5

24

 $   60.00 

3

18

 $   54.00 

3

21

 $   63.00 

3.5

20

 $   70.00 

3.5

18

 $   63.00 

4

15

 $   60.00 

4

14

 $   56.00 

4

15

 $   60.00 

4.5

13

 $   58.50 

4.5

11

 $   49.50 

4.5

15

 $   67.50 

5

13

 $   65.00 

5

15

 $   75.00 

5

16

 $   80.00 

5

12

 $   60.00 

5.5

9

 $   49.50 

5.5

8

 $   44.00 

5.5

10

 $   55.00 

6

8

 $   48.00 

6

9

 $   54.00 

6

7

 $   42.00 

6.5

3

 $   19.50 

7

1

 $     7.00 



	4. Construct a scatter plot of price vs. revenue.

Describe the trend you see in the data.

Why do you expect to find a maximum revenue?

The trend seems to indicate that the revenue increases from a price of $2 per snack to a price of about $4 or $5 per snack and then decreases for prices after $5 per snack.  Since the model increases and then decreases there should be a maximum revenue for some price.
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	5. Examine several algebraic models for the data.  

At what price will the maximum revenue occur?  Explain.

The cubic model seems most appropriate. The quartic model shows an increase as the price drops to $2 which is not seen in the data.  

All the models show maximum revenue between $4 and $5.

Most students are going to say maximum revenue will be at $4.50.  Examining the model, the maximum is (4.4, 63.45).
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	6. Discuss the practicality of the price you chose.


	Now consider what this price means:  $4.50.
It means that the flight attendants, already pressed for time, will have to deal with change, quarters.

So, a more practical price is either $4 or $5 and $5 seems more practical for at least two reasons:
a)  more profit on each sale
b)  don’t have to deal with dollar bills




	7. By investigating the model we might use to represent the data, we can see for price < 4.5 the revenue increases as the price increases.  However, for price > 5, the revenue decreases as the price increases.   
a. Determine the average increase in revenue as the price changed from $3 to $4 per Super Snack.
b. Determine the average increase in revenue as the price changed from $5 to $6 per Super Snack.


	Cubic Model of Revenue as a function of Price

Price

Revenue

 $     3.00 

 $   59.23 

 $     3.50 

 $   60.95 

 $     4.00 

 $   62.78 

 $     4.50 

 $   63.42 

 $     5.00 

 $   61.57 

 $     5.50 

 $   55.93 

 $     6.00 

 $   45.21 

Average increase in revenue from $3 to $4  ($3.55)
Average increase in revenue from $5 to $6  
(-$15.37)


	8. The algebraic model turns our discrete data into a continuous curve. We might now sell a Super Snack for $5.26 and the model tells us what revenue to expect if we did.  

Find the average increase in the revenue for the following changes in price:

a. from $4.00 to $4.50
b. from $4.25 to $4.50
c. from $4.40 to $4.50

d. from $5.50 to $5.60
e. from $5.50 to $5.75
f. from $5.50 to $6.00

Explain what you think this all has to do with the maximum revenue.


	Cubic Model of Revenue as a function of Price

Price

Revenue

Average Change 
in Revenue

 $     4.00 

 $   62.78 

 $     4.25 

 $   63.33 

 $                                   2.20 

 $     4.40 

 $   63.45 

 $                                   0.80 

 $     4.50 

 $   63.42 

 $                                 (0.29)

 $     5.50 

 $   55.93 

 $                                 (7.49)

 $     5.60 

 $   54.24 

 $                               (16.97)

 $     5.75 

 $   51.29 

 $                               (19.66)

 $     6.00 

 $   45.21 

 $                               (24.32)

Since the average change in revenue goes from a positive change to a negative change there must be a point where the average change is zero. It is at that point that the maximum revenue is found.

	9. Look again at the scatter plot that represents price versus revenue.  
a. How many points do you see?
b. How many data points were there?
c. Why the difference?


	There are only 23 points represented on the scatter plot.

There were 24 points in the data set.

There are two pieces of data that are identical – the same ordered pair.


	10. Why is it important to know there are points behind points as you analyze data?


	Clusters of data should influence the trend more than if you only saw a marker that seemed to indicate only one piece of data for that point.

For example, if on several flights super snacks were sold at $5 and 16 super snacks were sold, one would not see that with only one point at (5, 16).  Knowing that that one point meant several data points would tend to give more credence to prices the snacks at $5.


	11. Mathematicians and statisticians solve the problem of “overlapping points” with “noise.”

By adding or subtracting a very small random number to each data entry, you are not likely to have data over other data. You should be able to see each data point – or at least a portion of it.

Create two additional columns for price1 and revenue1. Add a random number between -0.1 and 0.1 to each number. (In Excel or Nspire, you can add a random number using the built-in Random Number generator.)
Construct a new scatter plot and describe the differences you see.


	Price

Revenue
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w/Noise

w/Noise

 $     2.40 

 $    57.40 

 $     2.60 

 $    60.10 

 $     3.10 

 $    54.00 

 $     2.90 

 $    63.10 

 $     3.40 

 $    69.90 

 $     3.50 

 $    63.00 

 $     4.00 

 $    60.10 

 $     4.00 

 $    55.90 

 $     3.90 

 $    60.10 

 $     4.40 

 $    58.50 

 $     4.40 

 $    49.40 

 $     4.50 

 $    67.50 

 $     4.90 

 $    64.90 

 $     4.90 

 $    74.90 

 $     5.10 

 $    80.00 

 $     4.90 

 $    60.10 

 $     5.40 

 $    49.40       

 $     5.40 

 $    44.10 

 $     5.40 

 $    54.90 

 $     6.00 

 $    47.90 

 $     5.90 

 $    54.00 

 $     5.90 

 $    41.90 

 $     6.50 

 $    19.40 

 $     7.00 

 $      7.10 




The RANDBETWEEN function in Excel makes this easy.  Use this function:





=B3+RANDBETWEEN(-1,1)/10





This makes the two points at (4, $60) on the revenue graph appear as two distinct points.
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