Stat II Homework 3

Due September 27, 2007

Simple Linear Regression, Confidence Intervals, and Prediction
Feel free to use SPSS or Excel to assist you in answering any or all problems.  If you use these programs, cut and paste the part of the output that you used to answer each problem into your assignment.

Problem 1 – Simple Linear Regression

In your own data set, conduct a simple linear regression to predict the value of one continuous variable from that of another continuous variable.  

A) Provide a theoretical justification why someone might perform the analysis you chose.

B) Report the regression equation.  

C) Interpret the regression coefficients.

D) Produce a scatterplot of your two variables that has the regression line drawn in.

E) Test both parameters to see if they are significantly different from zero.  Present these in the general form of a hypothesis test of a point estimate.

F) State some conclusion about the relationship between your two variables reflecting the results of your tests.

See specific comments on your homework.

Problem 2 - Confidence Intervals

The data set PULSE.sav (along with its documentation, PULSE.doc) is available on the class website. This data set reports the result of an experiment investigating the influence of several factors on an individual’s heart rate.

A) Provide a 90% confidence interval around the correlation between a student’s height and their first pulse measurement. 

SPSS reports the following correlation between a student’s height and their first pulse measurement.

[image: image1.wmf]Correlations

1

-.278

**

.003

110

109

-.278

**

1

.003

109

109

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

height

pulse1

height

pulse1

Correlation is significant at the 0.01 level

(2-tailed).

**. 


To compute the CI around the correlation we first need to compute the CI around Zr. The formula for this is:

CI = Zr +- S{Zr}*Zcrit

Using Fisher’s r-to-Z formula, we can determine that the value of Zr that corresponds to a correlation of -.278 is -.286. The standard error of this is equal to 1/sqrt(n-3) = .097. If we want a 90% CI, then we want Zcrit to be the value from the standard normal distribution that is greater than 95% of the distribution. This value is Zcrit = 1.64. Using these values we determine that the 95% CI around Zr is:

(-.268 - .097*1.64, -.286 + .097*1.64) = (-.437, -.127)

As our final step, we would convert these back into correlations using Fisher’s Z to r forumula, giving us a 95% CI equal to

(-.411, -.126)
B) Use simple linear regression to predict the value of the first pulse rate from the student’s height. Provide 90% confidence intervals around both the slope and intercept coefficients from this regression equation.

SPSS reports the following results from a simple linear regression predicting the first pulse rate from the student’s height. 
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The formula for a CI around the intercept is

CI = b0 +- S{b0}*tcrit

Both b0 and S{b0} can be taken directly from the SPSS output. To determine tcrit, we find the value of the t distribution with 107 degrees of freedom that is greater than 95% of the distribution. This value is 1.66. Inserting these values into our equations gives us the CI

(114.999 – 13.174*1.66, 114.999 + 13.174*1.66) = (93.13, 136.87).

Similarly, the formula for a CI around a slope coefficient is

CI = b1 +- S{b1}*tcrit

Inserting the appropriate values into our equations gives us the CI

(-.229 - .076*1.66, -.229 + .076*1.66) = (-.355, -.103).
C) Use the confidence intervals to determine whether either of the coefficients you estimated in part B are significantly different from zero. Explain how you made this determination.

We would conclude that both of these estimates are significantly different from zero using alpha = .10. We know that anything outside each CI would be significantly different from the estimate and everything inside each CI would be significantly different from the estimate. Since we have 90% intervals, we know that 10% of the distribution is outside of the intervals, giving us alpha = .10.

Problem 3 – Prediction

The data set SENIC.sav (along with its documentation, SENIC.doc) is available on the class website. This data set contains information about various factors related to infection rates in hospitals. The administrators of a new hospital want to use the data in the SCENIC data set to help them predict the number of secondary infections that they will have in their own hospital.  Their hospital is designed to house an average of 250 patients at a time. To answer the following questions you will need to use simple linear regression to predict the infection rate from the number of patients in a hospital.

A) Use the regression equation to determine what the expected infection rate would be for the new hospital.

Performing a simple linear regression predicting the infection rate from the number of patients in SPSS produces the following output.


Tests of Between-Subjects Effects

Dependent Variable: INFECT 

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	Corrected Model
	29.296(a)
	1
	29.296
	18.897
	.000

	Intercept
	609.595
	1
	609.595
	393.209
	.000

	PATIENTS
	29.296
	1
	29.296
	18.897
	.000

	Error
	172.084
	111
	1.550
	 
	 

	Total
	2344.410
	113
	 
	 
	 

	Corrected Total
	201.380
	112
	 
	 
	 


a  R Squared = .145 (Adjusted R Squared = .138)


Parameter Estimates

Dependent Variable: INFECT 

	Parameter
	B
	Std. Error
	t
	Sig.
	95% Confidence Interval

	 
	 
	 
	 
	 
	Lower Bound
	Upper Bound

	Intercept
	3.718
	.188
	19.829
	.000
	3.347
	4.090

	PATIENTS
	.003
	.001
	4.347
	.000
	.002
	.005


INFECT = 3.718 + .003 * PATIENTS

3.718 + .003 * 250 = 4.468

B) The other hospital in town has an infection rate of 5%.  Test whether the expected infection rate for the new hospital is significantly different from this value using alpha = .01.

You can do this in two ways.  The easy way is to have SPSS produce a 99% confidence interval and see whether 5% is inside or outside the interval.  If it is inside, then the infection rate for the new hospital is not significantly different from 5%.  If it is outside the interval, then it is significantly different from 5%.  We work with the confidence interval here instead of the prediction interval because we are making inferences about the expected infection rate (i.e., the mean of all hospitals with 250 patients).

SPSS reports the following values for a 99% confidence interval:

lmci_1

umci_1

4.22115
4.87860

Since the value of 5% falls outside of this interval, we would conclude that the expected infection rate for the new hospital is significantly different from 5%.

The second way to perform this test is to directly compute the Yhat and the standard error of Yhat.  This is more complicated because it involves doing computations by hand.  I used the bivariate.xls spreadsheet to help with some of the computations. These same values can be obtained from various procedures in SPSS, but the spreadsheet puts them all in one place.

	Xbar
	191.3716814

	Ybar
	4.354867257

	Xsd
	153.7595639

	Ysd
	1.340907951

	
	

	Corr
	0.381411081

	Zcorr
	0.401709916

	s{Zcorr}
	0.095346259

	
	

	B1
	0.003326214

	B0
	3.718324168

	s{B1}
	0.00076517

	s{B0}
	0.187514874

	
	

	MSE
	1.550308212

	Sum (X - Xbar)^2
	2647904.389


HTPE comparing the predicted value to 5

1)
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2)
Estimate = 4.468

3)
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4)
df = n – 2 = 111

5)
t = (4.468 – 5)/.1254 = -4.2424

6)
p < .001

7)
We reject the null hypothesis that the expected value is equal to 5, concluding that the expected infection rate of the new hospital will be less than the infection rate of the existing hospital.

C) Provide both an 80% confidence interval and an 80% prediction interval around the expected infection rate for the new hospital.  Which of these would be more useful if the administrators wanted to guess at how much money they should expect to pay for antibiotic medicine?  Justify your answer.

Both of these can be directly obtained from SPSS.

lmci_1

umci_1

lici_1

uici_1

4.38817
4.71158
2.93652
6.16323

The 80% confidence interval would be (4.39, 4.71), while the 80% prediction interval would be (2.94, 6.16).  The prediction interval would be more useful to the administrators since they are trying to predict the performance of their one specific hospital.  They would need to be aware of the full possible range of expenses they might have to deal with.
A group at the National Institutes for Health wants to fund a new chain of “superhospitals” that will each have 1000 patients.

D) Use the regression equation to determine what the expected infection rate would be for one of these superhospitals.

INFECT = 3.718 + .003 * PATIENTS

3.718 + .003*1000 = 6.718

E) Provide both an 80% confidence interval and an 80% prediction interval around the expected infection rate for a new superhospital.  Which of these would be more useful if NIH wanted to predict the average infection rate across the entire chain?  Justify your answer.

SPSS provides the following intervals.

lmci_1

umci_1

lici_1

uici_1

6.23268
7.85640
5.24568
8.84339

The 80% confidence interval would be (6.23, 7.86), while the 80% prediction interval would be (5.25, 8.84).  The confidence interval would be more useful to NIH because they want to draw inferences about the average infection rate and are not necessarily interested in the full range of rates.
Problem 4 – More Prediction

A) Using your own data set, generate a simple linear regression equation to predict one continuous DV from one continuous IV. Test whether the IV is able to explain a significant amount of variability in the DV, and report the regression equation.

B) Use the regression equation to predict the expected value of the DV for a specific value of the IV (that you can select).

C) Provide a 95% confidence interval around this predicted value, and provide a verbal description of what this interval represents.

D) Provide a 95% prediction interval around this predicted value, and provide a verbal description of what this interval represents.

See specific comments on your homework.

Problem 5 – An Excel spreadsheet for PIs around predicted values

Create an Excel spreadsheet that accepts information about a regression analysis and then will automatically generate a 95% prediction interval for a particular value of the IV.

Values entered by the user

1. Intercept coefficient

2. Slope coefficient

3. MSE from regression model

4. Mean of the IV

5. Standard deviation of the IV

6. Sample size from the regression

7. Xh (value of the IV at which the prediction is being made)

Intermediate calculations made by Excel

1. 
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, obtained by substituting Xh into the regression equation

2. 
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3. s{pred} from equation 2.23 in the notes

4. tcrit for 95% PI

Output

1. Lower bound of PI

2. Upper bound of PI

See the file “prediction intervals 2007-09-24.xls”.
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