Correlation and Linear Regression for students
What is correlation?  Correlation can show a relationship between two variables.   However, correlation does not mean causation. Examples of correlation?  Examples of erroneous correlations?

This week, I’m going to show you how to calculate correlation and determine if you have a significant correlation.

Correlation analysis is a group of techniques to measure the strength of the association between 2 variables.  (Lind, p. 458)
A scatter diagram portrays the relationship between the variables. (Lind, p. 458)
The dependent variable is the variable that is being predicted or estimated. (Lind, p. 459)

The independent variable is the variable that provides the basis for the estimation.  It is the predictor variable (Lind, p. 459).

The value of a correlation can be between -1 and 1. If there is a perfect correlation between an independent and dependent variable, the value will be 1 if one increases each time the other one does, and -1 if one decreases as the other increases.  If there is no relationship, the correlation will be 0.

Look at this scattergram:
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We have a perfect relationship—as score 1 increases, so does score 2
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This one, as Score 1 increases, score 2 decreases. This is a perfect -1 relationship.
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What do you see here?  Any relationship?
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This is a curvilinear relationship. 

By putting your data into a scattergram you can see if there looks like there is a relationship between the 2 variables.

How do you calculate a correlation?  This is the Pearson’s Product Moment Correlation Coefficient.

The formula is slightly different for a population vs a sample. We are usually working with samples, so I will give you that one here.  

r=n∑XY-(X(Y
_______________
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Let’s look at page 463 in your book and calculate the correlation between copiers sold and sales calls made.

Let’s let Excel do this work!

r= 900/(10-1) (9.189) (14.337)=

900/1185.749=

.759

To find out what portion of the total variation in the dependent variable Y is explained or accounted for by the variation in the independent variable, X, you simply square the Pearson product Moment Correlation you just computed to get the Coefficient of Determination.  Therefore we could say that 57.6% (.759 * .759) of the difference in the number of copiers sold is accounted for by the number of sales calls the sales reps make.

 Do exercises 
1) The following sample of observations were randomly selected:

	X:
	4
	5
	3
	6
	10

	Y:
	4
	6
	5
	7
	7


Determine the coefficient of correlation and the correlation of determination.

2) The following sample observations were randomly selected.

	X:
	5
	3
	6
	3
	4
	4
	6
	8

	Y:
	13
	15
	7
	12
	13
	11
	9
	5


Determine the coefficient of correlation and the correlation of determination.

Testing the Significance of the Correlation Coefficient 

Null=Ho: p=0

H1: p ≠ 0

Here’s your t test:

t= r 
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If we keep going with the copiers sold, n=10 and n-2=8

Two tailed test at the .05 level, so the significance level for t=2.306

We have these numbers, so:

t= 
.759 (2.83) / 4.76)=

2.148/.6511=3.299
It exceeds the level of t we needed, so we have a .05 significance level that the correlation in the population is not zero.

Now, go back to the problems you just did (Groups 2 and 3 should do exercise 1 on page 466

Group 1 should do exercise 2 on page 466) and see if you have significant correlations at the .05 level and give an example of how’d you use correlation in the workplace.
Linear Regression and Correlation
You can also determine the relationship by looking at the least squares principle:  Determining a regression equation by minimizing the sum of the squares of the vertical distances between the actual Y values and the predicted values of X. (Lind, p. 471—the rest of this page is from the same place)
The general form of Linear Regression Equation
Y’ = a + bX

Where

Y’ reads Y prime, and it is the predicted value of the Y variable for a selected X value.

a is the Y intercept.  It is the estimated value of Y when X=0.  Another way to put it is : a is the estimated value of Y where the regression line crosses the Y-axis when X is zero.

b is the slope of the regression line; or the average change in Y’ for each change of one unit (either increase or decrease) in the independent variable X.
X is the value of the independent variable that is selected.

The values of a and b in the equation are really estimates, so they are usually referred to as estimated regression coefficients or just regression coefficients.

Now, you also need a formula for the slope of the regression line (b) and for the Y intercept, which is a.

Slope of the regression line (b in the linear regression formula)= 

b=n (∑ XY)- (∑X) (∑Y) 

     _____________________

     n (∑X2) – (∑X)2
Y intercept=

a=∑ Y/n  - b (∑x/n)

So to solve the linear regression equation, you need to solve for b then for a.

Let’s go back to the copiers sold and sales calls and see if we can solve a Linear Regression equation.  We first have to get a and b to predict a value of Y.

Let’s go to Excel.

Now we’re going to ask what the expected number of copiers sold (Y’) if 20 sales calls are made.
b=n (∑ XY)- (∑X) (∑Y) 

     _____________________

     n (∑X2) – (∑X)2
b=10(10,800)- (450) (220)
_____________________

     10 (5600) – (220)2
 b=10(10,800)- (450) (220)

_____________________

     10 (5600) – (220)2
b=108,000- 99,000

_____________________

     56,000 – 48400
b=108,000- 99,000

_____________________

     56,000 – 48400
b=9,000/7600=1.1842
Now solve for a=

a=∑ Y/n  - b (∑x/n)=

450/10 – 1.1842 (220/10)=

45- 1.1842(22)=

45-26.05=18.95

Now we need our Linear Regression formula to determine the expected number of copiers sold for 20 calls made in a month.  20 calls would be the value of X in the Linear Regression formula:

Y’ = a + bX

Y’= 18.95 + 1.1842(20)=

18.95 + 23.684=42.634, so we could say that for 20 sales calls, we would expect a sales rep for this copier company to sell about 43 copiers in a month.
Do exercises:
Question 11
The following sample observations were randomly selected.

	X:
	4
	5
	3
	6
	10

	Y:
	4
	6
	5
	7
	7


a) Determine the regression equation.

b) Determine Y’ when X=7.

c) Give an example of how you would use linear regression in the workplace.

Problem 12 
The following sample observations were randomly selected.

	X:
	5
	3
	6
	3
	4
	4
	6
	8

	Y:
	13
	15
	7
	12
	13
	11
	9
	5


a) Determine the regression equation.

b) Determine Y’ when X=7.

c) Give an example of how you would use linear regression in the workplace.

Now, there is some error here.  This is an estimate.  Not all values will fall on the expected line.   So we need to calculate the Standard Error of the Estimate:  A measure of the scatter, or dispersion, of the observed values around the line of regression.  (Lind, p. 477)
For example, here’s the Scattergram for the 10 sales reps and copiers sold:
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We have calculated the linear regression equation, but you can see that the dots on the graph don’t fall in a straight line.
The formula for the Standard Error of the Estimate is:

To use this formula, you’d have to find Y’ for each sales reps number of calls.  Kind of a long process, so there is another formula you can use:

Sy*x= 
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 EMBED Equation.3  [image: image10.wmf]
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=9.9

Y’ ( Sy*x will include the middle 68% of the observations
Y’ ( 2Sy*x will include the middle 95% of the observations

Y’ ( 3Sy*x will include virtually all of the observations

Do exercises
Exercise 19: Refer to exercise 11.

a) Determine the standard error of the estimate.

b) Suppose a large sample is selected (instead of just 5).  About 68 percent of the predictions would be between what two values?

Exercise 20: Refer to exercise 12.

a) Determine the standard error of the estimate.

b) Suppose a large sample is selected (instead of just 8).  About 95 percent of the predictions would be between what two values?
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