               Sec 11.2 : Regression and Correlation

Let us first look at some scatterplots and try to understand how the X and Y are related : 
(i)
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    i)    Trend of the points : 

ii) Association between X and Y : 

iii) Sign of r : 

iv) Relationship type : 
v) Sign of slope :  
vi) Outliers : 
vii) Influential points :  
 (ii)
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i)     Trend of the points :  
ii) Association between X and Y : 

iii) Sign of r : 

iv) Relationship type : 

v) Sign of slope : 

vi) Outliers or  Influential points : 
Correlation and Causation : 
The presence of association between  two variables (say, X and Y) DOESNOT necessarily imply that one of them causes the other. Sometimes the presence of a third variable, highly associated with both X and Y may cause this “false” association between X and Y.
Eg : Among women enterpreneurs, it was seen that cell-phone usage (X)  (average number of hours per day a person uses cell phone) was positively associated with retinal disbalance score (Y) (a measure of how weak our eyesight is : lower the better). Apparently, cell phone usage should not have any association with our eye sight!! Then it was found that their average computer usage (Z)  (average number of hours they used computer per day) was positively correlated with both cell phone usage and retinal score (this is expected). Thus, the observed positive association between X and Y was actually due to the positive correlation between (Z, X) and (Z, Y).

This third variable which leads to the misleading association between X and Y is known as a “Lurking Variable”. So, in our case, average computer usage                                               is the lurking variable.

An hypothetical scatter diagram of retinal score (higher is bad) against average cell phone usage is given below : 
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Interpretation : 

· For women entrepreneurs having similar levels of computer usage, cell phone usage and retinal score are nearly independent (since the points have a horizontal pattern). This is quite natural. 
· But if we ignore the computer usage values, then cell phone usage and retinal scores depicts a     

positive  association (this is misleading).

· So, we have to take computer usage into account in order to know the real association pattern between cell phone usage and retinal score.
Regression towards the mean : Basically this means that, at any value of x, the predicted value of y (
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) is closer to 
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 than x is to 
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Specifically, if an x value is “a” standard deviations from 
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 then 
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 (for that value of x) will be “r*a” standard deviations from 
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. Since r ≤ 1, ra ≤ a  i.e the distance between 
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 and 
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 is less than the distance between x and 
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.
Eg : Sir Francis Galton, a British scientist discovered that very tall parents tend to have tall but less tall children while very short parents tend to have short but less short children. 
Explanation : 
Galton found that the correlation between parent’s height (x) and their children’s height (y) is 0.50. Suppose a parent’s height is 2 standard deviations above the mean (x = 
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). Then the child’s height is predicted to be about  
  2*0.5  =  1 standard deviation above the mean (
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). So, the child will also be tall but not as tall as his/her parent. Similarly, the child of a short parent will also tend to be short but not as short as his/her parent.
Eg II : From past records of exam scores in STA 3024, it is found that the correlation between the exam 1 and exam 2 scores is 0.6. In a class, the mean of exam 1 score was 85 and the standard deviation was 10. Suppose you got 65 (i.e your score was     standard deviations below the mean). This means that your predicted score in exam 2 will be                standard deviation below the mean of exam 2 scores. Suppose the mean and sd of exam 2 scores remain the same as exam 1. Thus, it is quite likely that you will score                             in exam 2 i.e your score will increase by nearly 10 points (!!!).
In the last lecture, we learned about R2 (square of the correlation coefficient) which tells us how much less error we are making by using the regression line to predict y rather than just using 
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. So,  higher the value of R2 , 
 better is our regression line.
Some properties of R2 : 

·  0   ≤ R2 ≤  1 (i.e 100%)   .
· R2 = 1 only when all the data points fall exactly on the regression line i.e our regression line does a perfect job in relating x and y.
· R2 = 0 when our regression line and 
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 give us the same predictions i.e our regression line is no better than 
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!!
· Closer R2 is to 1, stronger is the linear association between x and y and thus better is our regression line.
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