Spring, 2009

Tuesday, April 21

Stat 321 – Day 13
Regression to the Mean
Recap: Calibration Intervals
Want to estimate the value of the explanatory (independent) variable corresponding to a measured value for the response (dependent) variable when there is a linear relationship between the variables (e.g., calibrating an instrument).  Find the point estimate from the regression equation: 
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 and then the interval is 
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where se(
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) is either sefit (to estimate the X at which the mean of Y is y0) or 
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 (to find the X at which the value of Y is y0) where we use 
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in the formula, e.g., 
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  or   
[image: image11.wmf]2

2

1

2

)

1

(

)

ˆ

(

1

1

|

ˆ

|

ˆ

x

n

s

n

X

X

n

s

t

X

-

-

+

+

±

-

b


but we can easily obtain sefit from the Minitab output as well.
· Should have
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1 significantly different from zero

· Can check reality be seeing how CI/PI for y0 inverts (graphical method)

· Width of interval still depends on whether have one value for y or an average E(Y)
· Other methods have been proposed like regressing (random) X on Y (inverse regression)

So the steps are:

1) Regress y on x (if appropriate, or after transformations)

2) Solve for the value of x that corresponds to y0
3) Use Minitab to find the confidence interval output at the value of x from step 2 and obtain sefit
4) Construct a calibration interval for x0 using 
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 with the appropriate se([image: image15.png]


) value.
Example 1: In the 2008 Master’s Tournament, Chad Campbell had a score of 65 in the first round (low scores are good) but a score of 70 in the second round.  Is this evidence that he choked? 

The following table gives the scores in the first and second round for the players who finished in the top ten after the first round.

	
	Campbell
	Mahan
	Furyk
	Katayama
	Mize
	Cabrera
	Perry
	Merrick
	 O'Hair
	Clark

	round 1
	65
	66
	66
	67
	67
	68
	68
	68
	68
	68

	round 2
	70
	75
	74
	73
	76
	68
	67
	74
	76
	71


(a) How many of these players did worse (higher score) in the second round?

(b) Why do you think this happened?

(c) Below are the scores for the ten players with the worst first round scores.  

	
	Stadler
	Lin
	Mayfair
	Kittleson
	Quiros
	Player
	Wilson
	Zoeller
	Floyd
	Campbell

	round 1
	77
	77
	77
	78
	78
	78
	79
	79
	79
	80

	round 2
	74
	74
	75
	72
	75
	83
	75
	76
	79
	75


Did their scores also tend to go up (worse score) in the second round?
(d) Is it a fair statement to say that those who scored best in the first round tended to score worse in the second round than the first and those who scored worst in the first round tended to score better in the second than the first?  
(e) Compare the median score in the second round for each group.  Which group tended to score lower (better) in the second round?


Top 10 sorted second round scores: 67 68 70 71 73 74 74 75 76 76

Bottom 10 sorted 2nd round scores: 72 74 74 75 75 75 75 76 79 83
(f) For the 96 golfers at the Master’s this year do you think there will be an association between scores on the two rounds?  Do you expect it to be positive or negative?

(g) From the Stat 324 Data Folder, open the Masters09.mtw worksheet and create a scatterplot to predict the second round score from the first round score.  Is the association as you expected?

(h) With the scatterplot as the top window, right click and choose Add > Calculated Line.  In the Add Calculated Line box, specify “round2” as both the Y column and the X column.  This plots the “y=x” line.  What does this line indicate about the relationship between the first round and second round scores?  
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(i) Which dot corresponds to the golfer who improved (scored lower) in the second round after scoring in the top ten (low scores) of the first round (well, 13 players)?  Use the brush feature to click on the point and identify the golfer.

(j) Use the brush feature to identify the one golfer who failed to improve in the second round after scoring in the bottom ten of the first round.  

(k) Do you think the “y=x” line does a good job of summarizing the relationship?

 How do you think the regression line will compare?  Will the slope be greater or smaller?

(l) Close the Brush window and right click on the graph and choose Add > Reference Lines.  Enter 73.74, which is 
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,  in the Y positions box. What does this line indicate about the relationship between the first round and second round scores?  Do you think this line does a good job of summarizing the relationship?  How do you think the regression line will compare?  Will the slope be greater or smaller?

(m) Right click on the graph and choose Add > Regression Fit.  Where does the regression line fall compared to the two earlier lines? (Hold mouse over line to see equation.)
Recall: The formula for the least squares estimate for the slope simplifies to 
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1 = r sy/sx .  

When the standard deviations of the two variables are similar: (for the rest of this handout)
(n) What values can 
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1 take on when the relationship is positive?  
Recall: The formula for the least squares estimate for the intercept simplifies to 
0 
 = 
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(o) Verify that the regression equation [image: image26.png]
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(p) Suppose that we choose a golfer whose first round score is above average (x > 
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).  Do we predict the second round score ([image: image36.png]ey



) will be above average or below average ([image: image38.png])



)? By the same amount that the first round score was above average or by less?

(q) Suppose a golfer is 1 standard deviation below the mean (x = 
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 be below its mean? (Use the formula in (o).)
(r) Explain what these observations suggest about the expected performance in the second round of

- golfers with poor (high) first round scores

- golfers with good (low) first round scores

This phenomenon is sometimes called the regression effect or regression to the mean.  Sir Francis Galton first discussed this effect in the late 1880s when he examined data on the heights of parents and children, calling it regression to mediocrity. Note, sx ( sy makes sense in this context. 

(s) Can you suggest another situation where we can expect sx ( sy?
Example 2: A disciple of Galton’s, Pearson, collected data on 1,078 fathers and their full-grown sons, in England, circa 1900.   The graph to the right shows the conditional means of the sons’ heights vs. the fathers’ heights.  The horizontal line is at 
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 and the diagonal line represents the y=x line.  
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(a) From the scatterplot, estimate the value of the correlation coefficient between the sons’ heights and the fathers’ heights.

(b) Sketch the regression line that will go through the averages of sons’ heights.

(c) Suppose we look at the difference in sons’ heights for a father that is 70 inches vs. a father that is 71 inches tall.  Visually does it appear that the change in the average sons’ heights also 1 inch?

The regression effect occurs whenever the slope is between 0 and 1. If the standard deviations (sx and sy) are similar, this will be true whenever the correlation coefficient is positive.

Associated with each increase of one SD in x there is an increase of only r SDs in y, on average. The dots rise less steeply than the y=x line.  Here, the dots are about halfway between the y=x line and the horizontal line, corresponding to the correlation coefficient of about .5.  
(d) Do you think Michael Jordan’s son will be an above average basketball player?  Do you think he will be as good as his father?

(e) Explain the Sports Illustrated jinx (appearing on the cover leads to bad performances) or the Madden curse (appearing on the cover of Madden NFL) in terms of the regression effect.

Check out: NPR clip from course webpage (statweb)
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