AP Statistics
Chapter 3

Response Variable
A quantitative variable that measures the outcome of a study. It is the y-variable.

Explanatory Variable
A quantitative variable that tries to predict or explain changes in the response variable. It is the x-variable.

1. Explanatory or Response?
Identify the explanatory variable and response variable for the following relationships, if possible.

(a) The score on a statistics final exam and the number of hours studied for a sample of students

(b) The final exam score for statistics and the final exam score for biology for a sample of students taking both
courses

Scatterplot:
A graph that shows the relationship between two quantitative variables measured on the same individual. Each
individual is a point (x, y) on the graph.

2. Each member of a small statistics class ran a 40-yard sprint and then did a long jump (with a running start).
The table below shows the sprint time (in seconds) and the long-jump distance (in inches):
Make a scatterplot of the relationship between sprint time and long-jump distance.

Sprint time (sec) Long-jump distance (in.)

b1 171
5.05 184
7.01 a0
(AN B5
6.73 78
b.B8 130
578 173
6.31 143
.44 92
6.50 139
6.80 120

7.25 110




Describing a Scatterplot (DUFS)
Direction: Positive, Negative or no association.
Positive association means when one variable increases, the other variable increases.

Negative association means when one variable increases, the other variable decreases.
No association means knowing the value of one variable does not help us predict the other variable.
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Form:

The scatterplot shows a linear or nonlinear form.

Menlinear Data

Strength:

How close do the points of the scatterplot follow the form, strong, moderate or weak.
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Unusual Features:

Are there points that don’t fit the overall pattern or are there distinct clusters.



Correlation:

The correlation measures the strength and direction of a LINEAR association.

Facts about Correlation:

1. -1<r<1

2. Correlation, r, indicates the direction of the linear relationship by its sign.

3. r=1 orr=-1 only when there is a perfect linear relationship.

4. When r is close to 0 this indicates a weak linear relationship, when r is close to 1 or -1 means a strong linear
relationship.

5. To calculate correlation, r, both variables must be quantitative.

6. It does not matter which variable is explanatory or response when calculating correlation, r.

7. 1 does not rely on units of measure. Changing units of measure for x, y or both will not change r.
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. Correlation, r, has no unit of measurement.



Cautions about Correlation:

1. Correlation does not imply causation.

2. Correlation does not measure form.

3. Correlation should only be used to describe linear relationships.

4. Correlation is not a resistant measure of strength.

Regression line:

A line that models how a response variable changes as an explanatory variable changes.

Extrapolation:

Using the regression line to predict outside the x-values that were used to calculate the line. Extrapolation is
extremely unreliable.

Residual:

The difference between the actual value of y and the predicted value of y.



3. Tapping on cans

Don’t you hate it when you open a can of soda and some of the contents spray out of the can? Two AP
Statistics students, Kerry and Danielle, wanted to investigate if tapping on a can of soda would reduce the
amount of soda expelled after the can has been shaken. For their experiment, they vigorously shook 40 cans of
soda and randomly assigned each can to be tapped for 0 seconds, 4 seconds, 8 seconds, or 12 seconds. Then,

after opening the can and cleaning up the mess, the students measured the amount of soda left in each can (in
ml). Here is a scatterplot with the least-squares regression line

soda =248.6 + 2.63(tapp1ng tlme). 290. .
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a) Interpret the slope and y intercept of a regression line.

b) Predict the amount remaining for a can that has been tapped 10 seconds.

c) Predict the amount remaining for a can that has been tapped for 60 seconds. How confident are you in this
prediction?



4. The linear model relating hurricane’s wind speeds to their central pressures was W= 955.27 —.897x
Hurricane Katrina had a central pressure measured at 920 millibars. What does our regression model predict for
her maximum wind speed?

Katrina’s actual wind speed was measured at 110 knots, how good was our prediction?

Least-Squares Regression (LSR) Line:

The line that makes the sum of the squared residuals as small as possible.

Residual Plot:

A scatterplot that shows the residual as the y-value and the explanatory as the x-variable.
Plot (explanatory, residual) and look at the scatterplot.

If the residual plot shows no pattern or shape, the regression model is good.
If the residual plot shows a pattern, the regression model is not good. You should use a regression model with a
different form.



5. McDonald’s Beef Sandwiches Carbs (2) | 31| 33 | 34 | 37 | 40 | 40 | 45 | 37 | 38
Fat (g) 9 12 (23 (19|26 |42 | 29| 24 | 28

a. Calculate the equation of the least-squares regression line using technology. Carbs is the explanatory and Fat
is the response. Make sure to define variables.

b. Interpret the slope and y-intercept in context.

c. Calculate and interpret the residual for the Big Mac, with 45g of carbs and 29g of fat.

d. Construct and interpret a residual plot for the McDonald’s data.



Other measures for how well the data fits the LSR line

Standard Deviation of the Residuals, s:

Measures the typical distance between the actual y values and the predicted y values.

Coefficient of Determination, r?:

Measures the percent reduction in the sum of squared residuals when using the LSR line to make predictions,

instead of just using the mean of the y values.

R? is the percent of the variability in the response variable that is accounted for by the LSR line.

6. Consider the Minitab software regression information given below. This information should help you
analyze the association between the amount of gasoline a car uses, MPG, and the size of the engine. Called

“displacement”, engine size measures the volume of the cylinders in cubic inches.

Regression Analysis: MPG versus Cubic Inches

Predictor Ccaef SE Cgef T P

Constant 30.574 2.451 12.48 0.000
Cubic Inches -0.040752 0.009754 -4.18 0.002

S = 1.24071 R-5g = 66.0% R-Sg(adj) = 62.2%

a. What is the correlation between engine size and fuel economy? How did you get this answer?

b. What is the equation of the least squares regression line?

c. Interpret the slope and y-intercept.



d. Interpret s.

e. Interpret 12,

Calculate LSR Line:

7. We collected data from a random sample of 11 high schools in Michigan to investigate the relationship
between the percent of students who are eligible for free/reduced lunch and the average SAT math score.
The mean and standard deviation of the percent of students on free/reduced lunch are x = 37.55 and sx =
26.37. The mean and standard deviation of the average SAT math scores are y =503.04 and sy = 57.68.
The correlation between percent free/reduced lunch and average SAT math score is r = —0.9236. Find
the equation of the least-squares regression line for predicting average SAT math scores from percent
free/reduced lunch.



Facts about the LSR line.
1. Distinction between the explanatory and response variables is essential.

2. There is a close connection between the correlation and slope of the LSR line.

3. The LSR line of y on x always passes through the point ( X, ¥ ). So the LSR is the line withm =r c—y)

X

passing through ( x, y ).

4. LSR lines are not resistant to unusual points.

Outliers, High Leverage and Influential Points:

Points with high leverage in regression have much larger or much smaller x values than the other points in the
data set.

An outlier in regression is a point that does not follow the pattern of the data and has a large residual.

An influential point in regression is any point that, if removed, substantially changes the slope, y intercept,
correlation, coefficient of determination, or standard deviation of the residuals.

Outliers and high-leverage points are often influential in regression calculations! The best way to investigate

the influence of such points is to do regression calculations with and without them to see how much the
results differ.
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8. Stand mixers: The scatterplot shows the weight (in pounds) and cost (in dollars) of 11 stand mixers. The
mixer from Walmart (highlighted in red) was much lighter—and cheaper—than the other mixers.

(a) Describe what influence the highlighted point has on the

. . . 500
equation of the least-squares regression line.

400 .

300 . g

Price (%)
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(b) Describe what influence the highlighted point has on the
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(c) Is the highlighted point an outlier? A high-leverage point? Both? Explain your answer.



Transforming to Achieve Linearity

Here is the data of all iPhone sales during their opening weekend.

iPhone Year Units Sold
(after | (millions)
2000)

Original 7 0.5

3G 8 1

3Gs 9 1

4 10 1.7

4S 11 4

5 12 5

5C, 5S 13 9

6, 6 Plus 14 10

6S, 6S Plus | 15 13

1. Create a scatterplot of the data with year as the explanatory variable and units sold as the response. Sketch
the scatterplot in the space above.

2. Would you use a linear regression to model the data? Sketch the residual plot below to support your
explanation.

3. Since we expect that the data is nonlinear, we cannot make a linear regression. We can transform the data
to make it more linear. First, we need to decide what type of function we think the data would best fit so that
we can transform it.

a. What type of model do you think best fits the data?

b. What is the general from of this model?

c. Algebraically, what is the inverse of that function?
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4. Complete the table below.

Year Actual log(Units
Units Sold | Sold
(millions) (millions)

7 0.5

8 1

9 1

10 1.7

11 4

12 5

13 9

14 10

15 13

5. Create a scatterplot of the data with year as the explanatory and log(units sold) as the response. Sketch the

scatterplot in the space above.

6. Calculate the LSR line for the transformed data.

7. Do you think the regression line is a good fit for the transformed data? Why or why not? Explain using the
residual plot and sketch it below.

8. According to this model, how many iPhones should be sold in 2015?

9. Calculate and interpret the residual for the actual number of iPhones sold in 2015.
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Function Plot

Linear X VS.y
Power log x vs. logy
Exponential x vs logy

When making predictions plug in x and solve for y. If data was transformed, you may need to undo a root or
log in order to get y.

9. A mad scientist buys 1020 milligrams of Plutonium-239 for a science experiment. Plutonium-239 is a
special isotope of plutonium that can be used as fuel for nuclear reactions (needed for time travel).
Plutonium is subject to natural radioactive decay, so the amount of plutonium decreases over time. The
mad scientist expects that it will take him 12 years to build the science experiment, and he is concerned
that he won't have the 500 milligrams needed for the experiment upon completion of the project. He
collects the following data over the next 10 years.

Time (yr)  Amount (mg)
0 1020
65
a0
aar
839
805
758
722
895
665
10 628

= Ly k3 =

o 0 = ohoon

Here are a scatterplot and residual plot for the data. An exponential decay model should describe the
relationship between the variables.
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(a) A scatterplot of the logarithm (base 10) of the amount of plutonium versus time is shown. Based on
this graph, explain why it would be reasonable to use an exponential model to describe the relationship
between amount of plutonium and time since purchase.
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(b) Here is some computer output from a linear regression analysis on the transformed data. Give the
equation of the least-squares regression line. Be sure to define any variables you use.

Regressicon Analyeis: log(Amount) wversus Time

Predictor Coef SE Coef T P
Constant 3.00832 0.00134 2243.65 0. 000
Tims —0.0209%260.000227 —%2.33 0.000

£=0.0023770 ER-5g=95%.8% R-Sgladj)= 9%.88%

(c) Use your model from part (b) to predict the amount of plutonium 12 years after purchase.

10. As part of the American Presidency Project, the annual State of the Union address has been analyzed going
back to the first U.S. president. It turns out that the president’s use of the word America has increased in relative
frequency over the years.

Here is linear regression output for three different models, along with a residual plot for each model. Model 1 is
based on the original data, while Models 2 and 3 involve transformations of the original data.

Model 1. Percent America vs. President number

Predictor Coef SE Coef T P
Constant -0.2071 0.0798 -2.593 0.0131
President Number 0.0243 0.0030 8.145 0.0000
S = 0.2558 R-sg = 0.618 R-sg(adj) = 0.609
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Residual

Model 2. Log(percent America) vs. log(president number)

Predictor Coef SE Coef T P
Constant -1.8979 0.1618 -11.54 0.0000
log (president number) 0.9372 0.1236 7.584 0.0000
S = 0.3118 R-sq = 0.584 R-sg(adj) = 0.574
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Model 3. Log(Percent America) vs. President number

Predictor Coef SE Coef T P
Constant -1.4325 0.0730 -19.63 0.0000
President Number 0.0315 0.0027 11.585 0.0000
S 0.2338 R-sg = 0.766 R-sg(adj) = 0.760
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(&) Which model does the best job of summarizing the relationship between president number and percent America?

(b) Use the model chosen in part (a) to calculate and interpret the residual for the 45" president, Donald Trump,

Explain your reasoning.

whose State of the Union address contained 1.73 percent America.
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