10.1 – 10.3 – Correlation and Regression - Summary
In this chapter we form inferences based upon data that come in pairs (x,y) (bivariate data) 

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

We use scatter-plots (graphs of these ordered pairs) to help us determine if a relationship might exist. Each individual (x, y) pair is plotted as a single point.

Examples

What does the scatter-diagram look like? Is there a positive correlation, negative correlation or no correlation?

(a) Shoe size versus height





(b) Shoe size versus salary

(c) Hours of exercise per week versus weight

Linear (Pearson) Correlation Coefficient, r: 

r measures the strength of the linear relationship between paired x- and y- values in a sample.

· r reflects the slope of the scatter diagram if it indicates a linear relationship.

· r-values range from -1 to 1.

· The magnitude of r indicates the strength of the linear relationship between the variables


a value close to -1 or to 1 indicates a strong linear relationship


a value of r close to 0 indicates at most a weak linear relationship 

· The value of r does not change if all values of either variable are converted to a different scale.


· The value of r is not affected by the choice of x or y. 


· r measures the strength of a linear relationship. It is not designed to measure the strength of a relationship that is not linear.

· r represents the linear correlation coefficient for a sample

· ρ represents the linear correlation coefficient for all paired data in a population



Calculating the Linear Correlation Coefficient

We’ll only calculate r using technology, and we’ll see how to do that later on in this section.

Round r to 3 decimal places

The coefficient of determination, r2 (the square of the linear correlation coefficient): 

r2 Is the proportion of explained variation over total variation. That is, the fractional amount of total variation in y that can be explained by the linear relationship y = a + bx  

1 - r2 Is the fractional amount of total variation in y that is due to random chance or to the possibility of lurking variables that influence y.

· r2-values range from 0 to 1.
· A value of r2 near 0 indicates that the regression equation is not very useful for making predictions

· A value of r2 near 1 indicates that the regression equation is extremely useful for making predictions

The Regression Line

When there is a linear correlation between two variables, the equation describing the relationship is called the regression equation, and its graph is the regression line or line of best fit, or least squares line.

The regression equation: 



y = ax + b

X is called the independent variable, predictor variable or explanatory variable.

Y is called the dependent variable or response variable.

Round the coefficients to 3 significant digits

Finding the regression equation: We’ll find the regression equation and the linear correlation coefficient with the calculator 
This is the way you learned in your Algebra classes. We’ll explain another way on the next page.

Enter data into lists L1, and L2


Press STAT


Arrow to CALC


Select 4:LinReg(ax+b) L1, L2


Press ENTER 

Hypothesis Test for Correlation

We are going to set up the problems as a hypothesis testing problem in order to determine whether there is a significant linear correlation between two variables.

The null hypothesis:
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The alternate hypothesis:
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We’ll use the calculator to test the hypothesis:

After you enter the data into two lists of the calculator (let’s say L1 and L2)

Press STAT

Arrow to TESTS

Scroll down to select LinRegTTest and indicate the lists in which you entered the data

Use the p-value (as done in chapter 9) to decide whether there is  a significant linear correlation or not 
Using the Regression Equation for Predictions.

1. If there is not a significant linear correlation, the best predicted y-value is the mean of y values.

2. If there is a significant linear correlation, the best predicted y-value is found by substituting the x-value into the regression equation.

Extrapolation: when we use the regression equation to make predictions for values of x which are outside the range of the observed values of x. Results may not be accurate far outside these observed values of x.

Common Errors Involving Correlation

· Causation:  It is wrong to conclude that correlation implies causality. The correlation could just be a random occurrence, or something else not mentioned causes the correlation.

· Averages:  Averages suppress individual variation and may influence the correlation coefficient.

· Linearity:  There may be some relationship between x and y even when there is no significant linear correlation.


Math 116 – Chapter 10 - Linear Regression

Average Outdoor Temperature versus Electricity Consumption

The owner of a single-family home in a suburban county in the northeastern United States would like to develop a model to predict electricity consumption in his "all electric" house (lights, fans, heat, appliances, and so on) based on outdoor atmospheric temperature (in degrees Fahrenheit). Monthly billing data and temperature information were available for a period of 24 consecutive months. (Notice that we are in the northeastern U.S. and the highest average temperature is 78°F)

	Month
	Average Temp. oF
	Kilowatt Usage

	1
	30
	126

	2
	25
	132

	3
	29
	114

	4
	42
	87

	5
	48
	67

	6
	61
	50

	7
	69
	39

	8
	78
	45

	9
	72
	39

	10
	62
	43

	11
	45
	61

	12
	36
	92

	13
	27
	123

	14
	33
	121

	15
	28
	138

	16
	39
	99

	17
	47
	64

	18
	63
	52

	19
	69
	49

	20
	73
	41

	21
	70
	44

	22
	64
	53

	23
	53
	59

	24
	27
	118


I.  Predict:   Answer the following WITHOUT graphing the data - use only your intuition.

a)   Do you think there is any correlation between the average atmospheric temperature and electricity consumption? If so, is it positive or negative? Think that in this example we have temperatures from the northeastern U.S. and the highest temperature is 78°F.

      EXPLANATIONS REQUIRED!

II. Analyze the relationship

a)  Use your calculator to draw a scatter plot of the average temperature (x), versus the kilowatt usage (y), and make a rough sketch of the plot in your paper. (Neat graph please!). Label axes with words.
b)  Set up as a hypothesis test problem. Show hypothesis and graph. Shade the rejection region. Use a test in your calculator and use the p-value approach to decide whether the linear relationship is significant. If it is, write the mathematical model that describes this relationship (this is the equation found by the calculator). 
c)  Predict the kilowatt usage when the average atmospheric temperature is 50 degrees Fahrenheit.  Show your work. Answer using words within the context of the problem.

Shoe Size versus Number of Ties Owned

A random sample of men were stopped in a shopping center and asked their shoe sizes and the number of ties that they owned. Here are the data.

	Shoe Size
	Number of Ties Owned

	7.5
	10

	9
	17

	9
	16

	11
	4

	8.5
	10

	8
	1

	13
	6

	10
	9

	10
	11

	10
	10


I.  Predict:   Answer the following WITHOUT graphing the data - use only your intuition.

a)   Do you think there is any correlation between the shoe size and the number of ties owned? If so, is it positive or negative? EXPLANATIONS REQUIRED!

II. Analyze the relationship

a)  Use your calculator to draw a scatter plot of the shoe size (x), versus the number of ties owned (y), and make a rough sketch of the plot on the space next to the table. (Neat graph please!). Label axes.
b)  Set up as a hypothesis test problem. Show hypothesis and graph. Shade the rejection region. Use a test in your calculator and use the p-value approach to decide whether the linear relationship is significant. If it is, write the mathematical model that describes this relationship (this is the equation found by the calculator). Make sure you explain your reasoning. 

 c)  Predict the number of ties owned by a man with shoe size 12.  Show your work. Answer using words within the context of the problem.

The Endangered Manatee

Manatees are large, gentle sea creatures that live along the Florida coast. Many manatees are killed or injured by powerboats. Here are data on powerboat registrations (in thousands) and the number of manatees killed by boats in Florida in the years 1977 to 1990:

	Year
	Powerboat registrations

(in thousands)
	Manatees Killed

	1977
	447
	13

	1978
	460
	21

	1979
	481
	24

	1980
	498
	16

	1981
	513
	24

	1982
	512
	20

	1983
	526
	15

	1984
	559
	34

	1985
	585
	33

	1986
	614
	33

	1987
	645
	39

	1988
	675
	43

	1989
	711
	50

	1990
	719
	47


I.  Predict:   Answer the following WITHOUT studying the data - use only your intuition.

a)   Do you think there is correlation between the number of powerboat registrations and the number of manatees killed by boats? If so, is it positive or negative? EXPLANATIONS REQUIRED!

II. Analyze the relationship

a)  Use your calculator to draw a scatter plot of the number of powerboat registrations, in thousands, (x), versus the number of manatees killed by boats (y), and make a rough sketch of the plot below. (Neat graph please!). Label axes.
b) Set up as a hypothesis test problem. Show hypothesis and graph. Use your calculator to find the Correlation Coefficient r. Label the critical value and test statistic in the graph. Decide whether the linear relationship is significant. If it is, write the mathematical model that describes this relationship. Make sure you explain your reasoning. 

c)  Use the model to find the number of manatees killed by boats a year in which there are 800,000 power boats registered.  Show your work. Answer using words within the context of the problem.
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Using the boat/manatee data in Table 9

-

1, we have found 

that the value of the linear correlation coefficient 

r 

= 0.922

.  

What proportion of the variation of the manatee deaths can 

be explained by the variation in the number of boat 

registrations?

With 

r

= 0.922, we get 

r

2

= 0.850.

We conclude that 0.850 (or about 85%) of the variation in 

manatee deaths can be explained by the linear relationship 

between the number of boat registrations and the number 

of manatee deaths from boats.  This implies that 15% of 

the variation of manatee deaths cannot be explained by 

the number of boat registrations.

Example: 

Boats

and Manatees


 Discarded Paper and Household Size. 

The paired data below consist of weights (in pounds) of discarded paper and sizes of households.

	Paper

(lb)
	2.41
	7.57
	9.55
	8.82
	8.72
	6.96
	6.83
	11.42

	H.size
	2
	3
	3
	6
	4
	2
	1
	5


a)  Draw a scatter-plot.

b) Find the value of the linear correlation coefficient and determine whether there is a significant linear correlation between the two variables.

c) Write the regression equation, if appropriate.

d) What is the best predicted size of a household that discards 0.50 lb of paper?
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Using the boat/manatee data in Table 9-1, we have found that the value of the linear correlation coefficient r = 0.922.  What proportion of the variation of the manatee deaths can be explained by the variation in the number of boat registrations?

With r = 0.922, we get r2 = 0.850.

We conclude that 0.850 (or about 85%) of the variation in manatee deaths can be explained by the linear relationship between the number of boat registrations and the number of manatee deaths from boats.  This implies that 15% of the variation of manatee deaths cannot be explained by the number of boat registrations.

Example: 

Boats and Manatees



This is exercise #7 on page 521. 
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