Spring, 2009

Monday, April 13



Stat 324 – Day 8
Checking Technical Conditions (6.1, 6.2*)
Last Time: No-intercept models
· Deriving least-squares estimators, standard errors

· Comparing models

READ SECTION 6.1

Recall: The basic regression model has the following assumptions


Linearity: The relationship between E(Y) and X is linear


Independence: The observations (errors) are independent (uncorrelated)

Normality: The responses at each x follow a normal distribution


Equal variance: The response distributions at each x have the same variance




yi = 0 + xi + i where i (N(0, )

If these assumptions are not met, our predictions and confidence intervals may be biased (LN) or misleading (IE).

How do we verify the distribution of the i?

· Can tell a lot from the scatterplot of y vs. x
· Can tell even more from a scatterplot of the residuals (ei = yi-[image: image2.png]ey



i) vs. x.


Though not uncorrelated and have to worry about estimating variability…
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Note: In simple linear regression, residuals vs. x is equivalent to residuals vs. fitted values ([image: image5.png]ey



), assuming the (x, y) pairs are in order by x.

Example 1: Scatterplots vs. Residual Plots
Below four scatterplots with regression lines drawn in for the following contexts:

1. MPG rating vs. weight for sports cars

2. distance from sun vs. position number (Mercury = 1, Venus = 2, etc.) for planets

3. rents vs. price for Monopoly properties

4. airfare vs. distance for selected destinations.

followed by four residual plots (residuals vs. explanatory variable), in random order.

Match up each residual plot with its regression scatterplot.  Explain your choices.
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Residuals vs. explanatory variable
a) 





b)
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c)





d)
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Example 2: TVs and Life Expectancy

Recall the data from the 2006 World Almanac and Book of Facts on the life expectancies of people in different countries and the number of televisions per thousand people in the country (TVife.mtw).
(a) Choose Stat > Regression > Fitted Line Plot and enter life expectancy as response and TVs per K as predictor.  Click the Storage button and check Residuals and Fits (then click OK twice). Then create a scatterplot of the residuals vs. the explanatory variance (TVs per K).  Comment on the behavior observed in this plot.
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· If the relationship between E(Y) and X is linear, there should not be any pattern in the residuals (what’s leftover after you take out the linear component) vs. X graph.

· If the variability is constant, the graph of residuals vs. X should show a band of equal width.

An ideal residual plot:  [image: image15.png]250
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(b) Examine a histogram of the residuals (MTB> hist 'RESI1')

Comment on the behavior observed in this graph.

Better yet, look at a normal probability plot of the residuals (Graph > Probability Plot)
· If the distribution of the response variable at each x value is normal, then the residuals themselves should follow a normal distribution.


An ideal residual plot: 
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(c) Now examine a scatterplot of the residuals vs. the fitted values.  How does the behavior of this plot differ from the plot in (a), residuals vs. explanatory variable?

(d) Now select Stat > Regression > Regression, enter the response and predictor variables, and press the Graphs button.  Under Residuals plots, ask for “Four in one.”  Minitab produces four plots to examine.

1) Normal probability plot of residuals – We want this to be linear.  Otherwise N is violated.


Can informally use p-value here, want it to be large.

2) Residuals vs. observation number – We want this to look random.  Otherwise I is violated 
Only meaningful if data are in a particular order, e.g., when collected
3) Histogram of residuals – We want this to look normal.  Otherwise N is violated.


MT: You can right click on this graph Add > Distribution Fit to overlay a normal

4) Residuals vs. fits – We want this to look 


1. Random, without curvature.  Otherwise L is violated.


2. Equal spread across the graph.  Otherwise E is violated.

MT: Can add reference lines at two Y values, don’t worry about a small number of observations outside the box

Which assumption(s) seems most in question based on these residual plots?

(e) Use Minitab to take the log of the TVs per K variable: MTB> let c4=logten(c3)

Name this column logTVs.  Now repeat step (d), (regressing life expectancy on logTVs, just change from C3 to C4 in the predictors box.  How do these residual plots behave?  
(f) Instead take the square root of number of televisions (e.g., MTB> let c5=sqrt(c3)) and use this as the explanatory variable. Comment on the behavior of the residual plots.

(g) Does one transformation appear more appropriate than the other?  Make sure you discuss how you are deciding (e.g., which graphs you are looking at and what you are looking for).
(h) For the better transformation, is this relationship statistically significant?

Notes:
· Don’t worry too much about small departures from the normality assumption, especially with the extreme values (is it a systematic problem or an outlier or two?)
· “Some experience is required to interpret normal probability plot… Usually 20 points are required to produce normal probability plots that are stable enough to be easily interpreted.”

· We will come back to standardized residuals.
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E(Y at x)=0+1x
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