Spring, 2009

Thursday, April 16

Stat 324 – Day 11
Variance Stabilizing Transformations (6.5)
Recap: The Day 10 handout was mostly concerned with linearizing transformations, we will now consider variance stabilizing transformations as well.  Often the same transformation can fix both problems, as well as nonnormality (often hand in hand with variance problems).  You may have to simultaneously transform x (to help maintain linearity) or use weighted regression.

Choosing Transformations to Stabilize Variance

Transforming y will work when the variance pattern is related to y.  If the variability is increasing with E(Y|X), try decreasing the power on y (square root, log, reciprocal). This will spread out the small values of a variable (Square root if it’s less severe (V(Y|X) ( E(Y|X)), reciprocal if it’s more severe (V(Y|X) ( E(Y|X)4).  The log is in between (V(Y|X) ( E(Y|X)2) and is often easier to interpret.  If the variance decreases with E(Y|X), try y2 to spread the large values of the variable.  Choosing the correct transformation is an iterative process!
Example 1: In an industrial lab, under uniform conditions, batches of electrical insulating fluid were subjected to constant voltages until the insulating property of the fluids broke down.  Seven different voltage levels, spaced 2 kilovolts (kV) apart from 26 to 38 kV were studied.  The measured responses were the times, in minutes, until breakdown.  The question is how the distribution of breakdown time depends on voltage.

(a) Open the data in breakdown.mtw and look at a scatterplot of time vs. voltage.  Which condition appears most severely violated?
(b) Below are graphs for three different transformations of the response variable.  How does the pattern change?  Which transformation would you suggest?  
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(c) Is the relationship for this transformed variable statistically significant?  Can we conclude that increasing the voltage decreases the time until breakdown? 

Example 2: Techore is a high-tech company located in Forth Worth, TX.  The company produces a part called a fibre-optic connector (FOC) and wants to forecast sales of FOCs over time.  Weekly sales data (disguised for confidentiality) for the past 265 weeks are in FOCsales.mtw.

(a) Produce residual plots.  Which condition appears most severely violated?

(b) Suggest and use an appropriate transformation.  Be very clear which transformation(s) you tried and provide justification for each step you take.  Comment on how the new residual plots behave.

(c) Provide an interpretation of the R2 value in this regression model.  Caution: It is not reasonable to compare the R2 values across models where the response variable is transformed.
(d) What is your prediction interval for sales in week 300?

Guideline: Worry about the linearity and constant variance conditions first.  Can often be less concerned with the normality condition (unless making prediction intervals).

Note: Are techniques for empirically determining appropriate transformations. For example, the Box-Cox Method estimates a suitable power transformation on the response variable, y = 0 + 1x + estimating andsimultaneously where
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- Round to most sensible value of 
- Response variable must be strictly positive.
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