In-class Work on Simple Linear Regression

1. Consider the news article “Congress approves gun-lawsuit shield.”   Is a simple linear regression model appropriate for analyzing the relationship between year (from 1973 to 2003) and number of U.S. crimes (murders, robberies and aggravated assault, which peaked at 1.82 million in 1992 and 1993)?    If not, explain why, and give the appropriate procedure to use to analyze the data.

Looking at the plot included in the newspaper article, it appears that there is a NON-LINEAR relationship between year and crimes.    In particular, the number of crimes increase until 1992-1993, and then decrease thereafter.   Perhaps a quadratic would better describe the relationship between years and crimes.

2. Let’s perform a simple linear regression between years in the 1990’s and the number of U.S. crimes (in millions of murders, robberies and aggravated assaults).   The data is: 

	X=Year
	1991
	1993
	1995
	1997
	1999

	Y=Crimes
	1.80
	1.82
	1.70
	1.55
	1.35


(a)  In problem #1, you should have stated that it was NOT appropriate to use a line describe the relationship between year (from 1973 to 2003) and number of U.S. crimes.   Why is it appropriate to fit a line between the years in the 1990’s and the number of U.S. crimes?

The relationship between the years 1990-1999 and number of U.S. crimes DOES appear to be linear since it is after the peak at 1.82 crimes in 1992-1993.

(b)  Create a scatterplot of the data.    Be sure to label the horizontal and vertical axes.

(c)  From the scatterplot, describe THREE things about the association between year and crimes.

It appears there is a linear relationship between 1990’s and crimes.   The association is negative, and fairly strong.

(d) Calculate the correlation between the 1990’s and crimes.   Does this value agree with your answer to (c)?  The following statistics will help: 
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(e) Calculate and interpret R2  for this problem.   

R2=(-.9437)2=.8906.   Thus, 89% of the variability of the crime data from 1990 to 1999 is described by the linear relationship with year.
(f)  What is the least squares regression line for the data?    

The slope is b1=r sy/sx = (-.9437)(.1960/3.1623)= -0.0585
The y-intercept is b0=1.644 – (-.0585)(1995) = 118.3515

Thus, the least squares regression line is 

CRIMES = 118.35 - .0585 YEARS

(g) Interpret the slope b1 IN TERMS OF THE PROBLEM (i.e. don’t just say “it’s the slope”)

On average, the number of murders, robberies and aggravated assaults decreased by 58,500 each year in the 1990’s. 

(h) Graph the least squares line in the scatterplot you drew in 3(b).

(i) Use the least squares regression line to fill in the following table with the predicted values for each of the following values of X 

Using the line CRIMES = 118.35 - .0585 YEARS and plugging in YEARS=1991, we get that Yhat = CRIMES = 118.35 - .0585(1991) = 
	X=Year
	1991
	1993
	1995
	1997
	1999
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 Predicted Value
	1.88
	1.76
	1.64
	1.53
	1.41


(j) Use the least squares regression line to calculate the residuals and fill in the following table:

	X=Year
	1991
	1993
	1995
	1997
	1999

	Residual
	-.078
	.059
	.056
	.023
	-.06


Using the fact that the residual is


ei = yi - yhati
(k)  Calculate the SSE.

SSE = ( (ei)2 = 0.0168

(l)   Choose the ONE best answer: For the least squares regression line, 

A. SSE is the smallest when compared to all other lines fit to the data

(m)  Give an unbiased estimate of 
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S2 = SSE/DFE = SSE/(n-2) = .0168/3 = .0056.

(n) Give the Simple Linear Regression Model.
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(o) Give the FOUR assumptions that you are making when fitting a regression line to data.   Comment on whether you believe that each of assumptions are met or not for this data.

1. The data (x,y) is from a SRS.

2. The errors are normally distributed

3. constant variance

4. There is a linear relationship between years and crimes.

3.   Use the least squares regression line you computed in #3 to test whether or not there is a linear relationship between year and number of U.S. crimes.

· State the hypotheses.

H0: (1=0

Ha: (1 is not equal to zero  

OR

H0: There is no linear relationship between 1990’s and number of crimes

Ha: There is a linear relationship between 1990’s and number of crimes

· Find the value of the test statistic.    Use the fact that 
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t = b1/SEb1 = -.0585/.0118   since 
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so t = -4.9576
· What is the distribution of the test statistic?

t ~ t(n-2) = t(3)

· Find the p-value.

2(.005) = .01 < p-value < .02 = 2(.01)

· Make a decision at a significance level of 5%.

Since the p-value < .05, we REJECT H0

· Make a conclusion in terms of the problem.

The evidence suggests that there is a linear relationship between the 1990’s and the number of crimes.  

· Find a 95% C.I. for 
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· Interpret the C.I. in terms of the problem.

I am 95% confident that each year in the 1990’s, the number of crimes decreased on average by between 21,000 and 96,000. 
4.  Many times, incidences of crime go unreported, or are falsely reported.   

(a) Use the 99% confidence interval for “Mean Response” to give a confidence interval for the actual number of violent crimes in the U.S. in 1998.    Use the fact that 
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Our best guess for the true number of crimes in 1998 is 
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(b) Interpret the CI in terms of the problem

We are 99% confident that the true number of crimes reported in 1998 is between 1,313,100 and 1,623,900.

5.  (a) Use the least squares regression line in #2 and a 95% prediction interval to predict the number of crimes in the U.S. in the year 2005.    This is called EXTRAPOLATION (since 2005 is outside the range of the 1990’s data set), and results can be misleading.    Use the fact that 
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Our best guess for the number of crimes in 2005 is 
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(b) Does the evidence suggest that the number of murders, robberies and aggravated assault will be less than in 1999?    Why or why not?

We are 95% confident that the number of murders, robberies and aggravated assault in 2005 will be between 601,100 and 1,516,900.   Since the number of crimes in 1999 was 1.35 million, then we can NOT be 95% confident that number of crimes in 2005 will be lower than in 1999.

(c) Why can the results of this prediction interval be misleading?    

The year 2005 is outside the range of years from 1990-1999 for which we performed the regression.    This EXTRAPOLATION can be very untrustworthy. 
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