Correlation:


-Correlation is the relationship between two variables


-A correlation exists between the two variables when one of them is 
related to the other in some way

Assumptions


1. Sample of paired (x,y) data is a random sample


2. Normal distribution

Linear Correlation Coefficient(
[image: image1.wmf]r

)

It measures the strength of the linear relationship between the paired x 
& y values in a sample.
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=number of pairs of data present
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=Linear Correlation for a sample
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=Linear Correlation for a population
Interpretation 


1. 
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 must be between 1 and -1  (i.e.  
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2. If 
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 is closer to 0 then there is no significant linear correlation 
between x & y


3. If 
[image: image9.wmf]r

 is close to -1 or 1 then we conclude that there is a 
significant 
linear 
correlation between x & y.

Properties of Linear Correlation Coefficient


1. 
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2. The value of 
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 doesn't change if all values of either variable are 
converted to a different scale


3. 
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 is not affected by the choice of x or y.


4. 
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 measures the strength of a linear relationship.(Do not use for non-
linear relationship)


Formal hypothesis
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(No linear correlation)
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Testing procedure

1. Set up hypothesis
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(No linear correlation)
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2. Determine 
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3. Find 
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4. Use either test statistic method or use table A-6 to reject or fail to reject 
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test statistic: 
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5. Test statistic method: If test statistic falls within critical region reject 
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Table A-6 method: If |
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| > critical value from table A-6 then reject 
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Examples for correlation

1. Listed below are the number of fires (in thousands) and the acres that were burned (in millions) in 11 western states in each year of the last decade. Is there a correlation? Do the data support the argument that as loggers remove more trees, the risk of fire decreases because the forests are less dense?

	Fires
	73
	69
	58
	48
	84
	62
	57
	45
	70
	63
	48

	Acres burned
	6.2
	4.2
	1.9
	2.7
	5.0
	1.6
	3.0
	1.6
	1.5
	2.0
	3.7


Following information is provided for convenience.
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Formal Hypothesis testing

Using table A-6 method & using 
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We find the critical value 
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Conclusion: There is not sufficient evidence to reject the claim that 
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Results do not support any conclusion about the removal of trees affecting the risk of fires.

2. Listed below are heights (in inches) and weights (in pounds) for supermodels Niki Taylor, Nadia Avermann, Claudia Schiffer, Elle MacPherson, Christy Turlington, Bridget Hall, Kate Moss, Valerie Mazza, and Kristy Hume. Is there a correlation between height and weight? If there is a correlation, does it mean that there is a correlation between height and weight of all adult women?

	Height(in)
	71
	70.5
	71
	72
	70
	70
	66.5
	70
	71

	Weight(lb)
	125
	119
	128
	128
	119
	127
	105
	123
	115


Following information is provided for convenience.
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Formal Hypothesis testing

Using table A-6 method & using 
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We find the critical value 
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Since absolute value of 
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Conclusion: There is sufficient evidence to reject the claim that 
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There is a correlation between height and weight for the supermodels

No; since supermodels are not representative of all adult women, these results cannot be used to make any conclusions about that population.

Example 3

When bears anesthetized, researchers measured the distances (in inches) around the bear’s chests and weighed the bears (in pounds). The results are given below for eight male bears. Based on the results, does a bear’s weight seem to be related to its chest size? 

	Chest(in)
	26
	45
	54
	49
	41
	49
	44
	19

	Weight(lb)
	90
	344
	416
	348
	262
	360
	332
	34


Regression

Regression is a relationship between two variables by finding the graph and equation of the straight line that represents the relationship.

Regression equation(line of best fit): 
[image: image61.wmf]x

b

b

y

1

0

ˆ

+

=

(Sample statistic)




    

        
[image: image62.wmf]x

y

1

0

ˆ

b

b

+

=

(population parameter)


[image: image63.wmf]=

0

b
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To find 
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Using regression line


1. If it is not linear, don't use it


2. Stay within the scope of the available data


3. Old data (regression) is not necessarily valid now


4. Don't make predictions about a population that is different from which 
sample is drawn

Predicting


1. Calculate the value of 
[image: image75.wmf]r

 test hypothesis that 
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2. If 
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 is rejected then use regression to make prediction


3. If 
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 is not rejected then use mean to make prediction

Regression examples

1. Same problem as example 1(Fires and Acres burned) above
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Since there is no significant correlation, we use 
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 to predict the value
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2. Same problem as example 1(Supermodels) above
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Since there is significant correlation, we use 
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3. Find the best predicted winning time for the 1990 marathon given that the temperature was 73 degrees. How does the predicted value compare to the actual winning time of 150.75 minutes?

	Temp
	55
	61
	49
	62
	70
	73
	51
	57

	Time
	145.28
	148.717
	148.3
	148.1
	147.617
	146.4
	144.667
	147.533
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Residuals and the Least Square Property

-Residual is the difference between observed sample y-value and the value of 
[image: image121.wmf]y

ˆ

, which is the value of 
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 that is predicted. (vertical distances between the original data points and the regression line). Thus residual is

residual=observed 
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- predicted 
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-Regression equation represents the line that fits the point “best” according to the least squares property

- A straight line satisfies the least square property if the sum of the squares of the residuals is the smallest sum possible. 

Example)
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Finding Residual
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Sum of square = 
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(Smallest area) Thus, 
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 is the line of best fit (regression line)

Try 
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 is better fit than the regression line above. If this 
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 has less sum of square than 364 then it is the regression line, other wise it is not.

First find the residuals

	
[image: image159.wmf]1

=

x


	
[image: image160.wmf]4

=

y


	
[image: image161.wmf]11

ˆ

=

y


	
[image: image162.wmf]7

ˆ

-

=

-

y

y



	
[image: image163.wmf]2

=

x


	
[image: image164.wmf]24

=

y


	
[image: image165.wmf]14

ˆ

=

y


	
[image: image166.wmf]10

ˆ

=

-

y

y



	
[image: image167.wmf]4

=

x


	
[image: image168.wmf]8

=

y


	
[image: image169.wmf]20

ˆ

=

y


	
[image: image170.wmf]12

ˆ

-

=

-

y

y



	
[image: image171.wmf]5

=

x


	
[image: image172.wmf]32

=

y


	
[image: image173.wmf]23

ˆ

=

y


	
[image: image174.wmf]9

ˆ

-

=

-

y

y




Sum of square = 
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 Comparing to other regression line, the other line has sum of square of 364. Thus, the other line is regression line.

Extra Credit

1.The New York Post published the annual salaries (in millions) and the of viewers (in millions) with results given below for Oprah Winfrey, David Letterman, Jay Leno, Kelsey Grammer, Barbara Walters, Dan Rather, James Gandolfini, and Susan Lucci, respectively. Is there a correlation between salary and the number of viewers? use 
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	Salary
	100
	14
	14
	35.2
	12
	7
	5
	1

	Viewers
	7
	4.4
	5.9
	1.6
	10.4
	9.6
	8.9
	4.2


2. Find the best predicted height of a tree that has a circumference of 4.0 ft. What is an advantage of being able to determine the height of a tree from its circumference? (x=circumference and y=height) Assume that there is a significant correlation between two variables.

	x
	1.8
	1.9
	1.8
	2.4
	5.1
	3.1
	5.5
	5.1
	8.3
	13.7
	5.3
	4.9
	3.7
	3.8

	y
	21
	33.5
	24.6
	40.7
	73.2
	24.9
	40.4
	45.3
	53.5
	93.8
	64
	62.7
	47.2
	44.3
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