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Correlation does not imply causation

In a sample of elementary school students, there is a 
strong positive relationship between shoe size and 
scores on a standardized test of ability to do 
arithmetic. Does this mean that studying arithmetic 
makes your feet bigger? 
No. Shoe size and skill at arithmetic are related to 
each other because both increase as a child gets 
older. Age is an example of a lurking variable. 
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Correlation does not imply causation

A lurking variable is a variable that you didn't 
include in your analysis but that might explain the 
relationship between the variables you did include. 
When variables x and y are correlated, it might be 
because both are consequences of a third variable, 
w, that is lurking in the background.       

The value of r does not tell you anything about why 
two variables are related. The statement “Correlation 
does not imply causation” can help you remember 
this. To conclude that one thing causes another, you 
need data from a randomized experiment.

Two variables might be highly correlated without one causing the other.
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Regression Towards the Mean
The display shows a hypothetical data set with the height of 
younger adult sisters plotted against the height of their older 
sisters. There is a moderate positive association: r = 0.337. For 
both younger and older sisters, the mean height is 65 in. and 
the standard deviation is 2.5 in. The line drawn on the first plot, 
y = x, indicates the location of points representing the same 
height for both sisters. 
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Regression Towards the Mean
Look at the vertical strip for the older sisters with heights 
between 62 in. and 63 in. The X is at the mean height of the 
younger sisters with older sisters in this height range. It falls at 
about 64 in., not between 62 in. and 63 in. as you would expect. 
Looking at the vertical strip on the right, the mean height of 
younger sisters with older sisters between 68 in. and 69 in. is 
only about 66 in. 
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Regression Towards the Mean
The flatter line is the least squares regression line. Notice that 
this line gets as close as it can to the center of each vertical
strip. Thus, the least squares line is sometimes called the line 
of means. The predicted value of y at a given value of x, using 
the regression line as the model, is the estimated mean of all 
responses that can be produced at that particular value of x.
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The regression effect
The regression line has a smaller slope than the major axis (y = 
x) of the ellipse. 
The predicted values are closer to the mean than you might 
expect. 
The difference between these two lines is sometimes called the 
regression effect.
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The regression effect
The regression effect was first noticed by British scientist 
Francis Galton around 1877. Galton noticed that the largest 
sweet-pea seeds tended to produce daughter seeds that were 
large but smaller than their parent. The smallest sweet-pea 
seeds tended to produce daughter seeds that were also small 
but larger than their parent. There was, in Galton's words, a 
regression toward the mean. This is the origin of the term 
regression line. 

The regression effect is with us in everyday life whenever some 
element of chance is involved in a person's score. For example, 
athletes are said to experience a “sophomore slump.” That is, 
athletes who have the best rookie seasons do not tend to be the 
same athletes who have the best second year. The children of 
extremely tall or short parents do not tend to be as extreme in 
height as their parents. 


