Winter, 2007

Tuesday, Feb. 20

Stat 322 – Day 21
Inference for Correlation, Predictions (12.4, 12.5)

Last Time: The sampling distribution of sample slopes follows an approximately normal distribution with mean equal to ​1 and standard deviation 
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Consequently, the test statistic 
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follows a t distribution with n-2 degrees of freedom. This allows us to determine the p-value for a test of significance as well as a confidence interval for the slope: b1 ±  t/a, n-2 SE(b1).
Notes: 

· Minitab always reports the two-sided p-value with H0: 1 = 0, Ha: 1 ≠ 0
· One-sided p-values can be used to test Ha: 1 > 0 or Ha: 1 < 0

· Tests for other hypothesized slopes must be completed “by hand”

· The confidence interval calculation must be completed “by hand” (use Table A.5 or the Inverse cumulative probability option in Minitab to find t/2, n-2​)
· This test is equivalent to a test of H0: =0 where =the population correlation coefficient with  t = 
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, although this procedure has slightly different technical conditions (both variables have normal distributions or large n).

· There are tests for other values of  (p. 545).

· This test is also equivalent to using the F statistic and p-value from the ANOVA table where the F statistic has 1 and n-2 degrees of freedom and F = t2.

The ANOVA table that Minitab produces with its regression output is very similar to other ANOVA tables that we have encountered.  It partitions the total sum of squares into two pieces: the sum of squares explained by the regression line and sum of squared residuals.  In other words, SST = SSRegr + SSE, where these sums of squares are defined as:
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The ratio of the sum of squares due to regression over the total sum of squares turns out to be r2, the square of the correlation coefficient.  

Example 1: The file Bakersfield.mtw contains the price (in thousands of dollars) and size (in square feet) of house sold in Bakersfield, CA for one week  in April 2003.

(a) Create a fitted line plot to determine the regression equation for predicting the sales price from the size of the house.  Is the direction of the association what you would expect?

(b) Conduct the “model utility test” – does knowing the house size appear to be useful in helping predict sales price?

Making Predictions:

(c) If we want to estimate the mean value of the response variable for a given value of the

explanatory variable (call it x*), what is a reasonable point estimator to use?
One can show that this estimator has very nice properties:

- It’s unbiased

- The variance is known: 
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- It follows a normal distribution

(d) At what value of x* is this variance minimized? What does this say about the value of x* for

which the most accurate estimates can be made?

(e) What happens to this variance as x* gets farther from the sample mean 
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Since we estimate σ with s we will again use a t-distribution for finding a confidence interval

for the mean value of Y at a given value x=x*: 
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(f) Use this regression line to calculate a point estimate for the mean price among houses with a

size of 1600 square feet. Then do the same for houses with a size of 2200 square feet.

1600 square feet: 




2200 square feet:

(g) Determine s from the Minitab output.

(h) Determine Sxx = 
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either by creating a new column with the squared deviations of the house sizes from the mean of the house sizes and summing that column or by finding the standard deviation of the house sizes and converting.
(i) Construct a 95% confidence interval for the mean price among houses with a size of 1600

square feet. Then do the same for houses with a size of 2200 square feet.

1600 square feet:




2200 square feet:

(j) Which interval is wider? Is this consistent with your earlier analysis of the variance of the

estimator? Explain.

(k) Use the “display confidence interval” option (within Minitab’s Stat> Regression>

Fitted Line Plot) to display 95% confidence bands for mean prices at various sizes.

Confirm that the bands are consistent with your calculations for house sizes of 1600 and

2200 square feet.
Prediction Intervals for Individual Values:

Now suppose that you want to estimate not the mean value of the response variable for a given

value of the explanatory variable, but rather that you want to predict the value of the response for an individual future value. In our example, suppose that you want to predict the price of a specific house with a size of 1600 square feet, rather than estimating the mean price among all 1600 square foot houses.

(l) Identify a reasonable point estimator of this future value.

(m) Do you expect the variance of this prediction to be larger or smaller than the corresponding

variance of the estimator for the mean value? Explain
(n) In Minitab, choose Stat > Regression > Regression and under Options specify in the Prediction intervals for new observations box the value 1600.  Click OK twice.  Minitab reports both the confidence interval for the mean value (as above) and the prediction interval for a future observation.  How do these intervals compare (midpoint, width)?  Do these observations make sense?

(o) Repeat (n) for a 2200 square foot house.  How does this prediction interval compare?

(p) Now create a Fitted Line Plot selecting both the Display confidence interval and Display prediction interval options.  How do the prediction bands compare to the confidence bands?  

(q) Does it appear that about 95% of houses fall within the prediction bands?

Writing Assignment 6
On the Day 20 handout, complete the questions after (i)/the dotted line through question (r) using the java applet (and include your answers in the write-up).  Make sure you make conjectures first and then comment on whether or not your conjectures were correct.  Your writing assignment will be graded primarily on your level of reflection on your predictions and observations, your answer to question (r), and your answer to this question:

If you want to estimate the population regression line as accurately as possible based on your sample, and if you can choose the x-values at which to sample (as in an experiment), would you prefer those x-values to be narrowly centered or more spread out?  Explain.
For question (r), make sure you explain your reasons intuitively, in a way a non-statistics student could understand, without relying only on the formula.
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