Ma and Pa Talk Mathematics
Student Worksheet

	Introduction

The U S Government offers drivers tips to save money by driving more efficiently.  The tips include driving more sensibly, removing excess weight, using cruise control, using overdrive gears, and obeying the speed limit.
http://www.fueleconomy.gov/feg/driveHabits.shtml
The speed at which you drive affects your fuel economy.  While each vehicle reaches its optimal fuel economy at different speeds, gas mileage usually decreases rapidly at speeds above 60 miles per hour (mph).

Figure 2 was taken from the government website mentioned above and indicates estimates for fuel economy (mpg) versus speed (mph).
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	Directions
1. Consider the following scenario:

Ma and Pa routinely make a 77 mile trip down I-40 to see their grandchildren. Since the trip includes 66 miles of non-stop travel, they can choose to travel at different speeds. The speed limit on this stretch of road is 70 mph.  While they drive the 66-mile stretch, they decide to experiment with their speed and watch the gas mileage since their vehicle has the ability to calculate the miles per gallon over any specified trip as well as show the average speed. 

The data they collected over 27 trips is shown here.  From the data, you are to describe the change in the MPH (miles per hour) per MPG (miles per gallon).

What would make the data in this table easier to analyze?


	Trip #

Driver

Avg MPH

Avg MPG

1

Pa

66

26.6

2

Ma

57

29.4

3

Pa

80

18.5

4

Ma

57

29.5

5

Ma

62

28.8

6

Pa

73

20.5

7

Pa

71

21.6

8

Ma

63

28.2

9

Pa

60

29.2

10

Ma

56

29.4

11

Ma

61

29

12

Pa

68

25

13

Pa

65

27

14

Pa

65

26.9

15

Ma

59

29.5

16

Ma

58

29.6

17

Ma

75

19.5

18

Ma

58

29.5

19

Pa

70

22.8

20

Pa

68

25.2

21

Ma

56

29.4

22

Ma

55

29.3

23

Pa

67

25.8

24

Pa

70

22.7

25

Ma

55

29.2

26

Pa

67

25.7

27

Pa

76

19.2




	2. Sort the data by Column C:  “Avg MPH.”

Describe any trends you see.


	Trip #

Driver

Avg MPH

Avg MPG

3
Pa
80

18.5

27
Pa
76

19.2

17
Ma
75

19.5

6
Pa
73

20.5

7
Pa
71

21.6

19
Pa
70

22.8

24
Pa
70

22.7

12
Pa
68

25

20
Pa
68

25.2

23
Pa
67

25.8

26
Pa
67

25.7

1
Pa
66

26.6

13
Pa
65

27

14
Pa
65

26.9

8
Ma
63

28.2

5
Ma
62

28.8

11
Ma
61

29

9
Pa
60

29.2

15
Ma
59

29.5

16
Ma
58

29.6

18
Ma
58

29.5

2
Ma
57

29.4

4
Ma
57

29.5

10
Ma
56

29.4

21
Ma
56

29.4

22
Ma
55

29.3

25
Ma
55

29.2



	3. Create a scatter plot of the data:  “Avg MPH” versus “Avg MPG.”

The default scale that Excel uses clusters the data too closely.  What would you do to make the data more easily analyzed?  What changes would you make to the domain and range of your graph?


	

	4. Change the scale on the horizontal axis (MPH) to a minimum of 50 and a maximum of 85.

Change the scale of the vertical axis (MPG) to a minimum of 17 and a maximum of 30.


	


	5. Examine the data. 
a. Find the average change in MPG per MPH between trips 6 (73, 20.5) and 7 (71, 21.6).
b. Find the average change in MPG per MPH between trips 13 (65, 27) and 14 (65, 26.9).

c. Find the average change in MPG per MPH between trips 21 (56, 29.4) and 22 (55, 29.3).

By picking pairs of points, the data may be misleading or difficult to interpret. Thus, finding a function to model the data may make it helpful to compute the rate of change in MPG per MPH.

What function do you think might fit the data best?

	

	6. Experiment with different models using the Trendline feature of Excel.  Would you try linear? logarithmic? exponential? polynomial?  

Finally, after experimenting, create a new column next to the data with the heading “Model”.  Enter the formula for the cubic regression model, 
y = 0.0023618*C2^3 − 0.4871955*C2^2 + 32.6955 * C2 − 688.5 in this column.  How does this compare to the model that you had chosen as best fit?


Compare the results of the model to the actual data.  Is the model a fairly good one?  Explain.  

Compare your result to the graphic at right.
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	7.  Compare the graph in the introduction to the graph in (6).  Do the data that Ma and Pa obtained seem to follow the model the US Government advertises?  Explain.


	

	8.
Analyze the graph.

At what speed does it appear that Ma and Pa get the best gas mileage?

Estimate the change in the gas mileage for every increase of 1 MPH in the speed between the speeds of 

(a) 60 and 65 MPH.

(b) 65 and 70 MPH.

(c) 70 and 75 MPH.
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	9. Answer the following questions.

When Pa drives, he averages 69 miles per hour.  When Ma drives, she averages 59 miles per hour.  On the 66-mile stretch down I-40, 

(a) How much money do they save (one way) when Ma drives rather than Pa, if the fuel cost is $1.99/gallon?

(b) How much time do they save (one way) when Pa drives rather than Ma?
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