Winter, 2007

Tuesday, Feb. 6

Stat 322 – Day 15
Transformations in ANOVA (10.3)
Recap: The Analysis of Variance F test is considered valid if

· The normal probability plot for each sample is reasonably well-behaved.
· The ratio of the largest standard deviation to the smallest standard deviation is at most 2.
· The samples are independent random samples from each population or a randomized comparative experiment.

Example 1: The Minitab worksheet crash.mtw contains data on automobile crash test results (stock automobiles are crashed into a wall at 35MPH with dummies in the driver and front passenger seats). Response variables are measurements of injury extent on head (c5), chest deceleration (c6), left leg load (c7), and right leg load (c8). Explanatory variables include whether the dummy was on the driver or passenger side (c9), protective devices in the car (c10), number of doors on the car (c11: 2, 4, or other), year of make (c12), and size of car (c14). 

(a) Produce boxplots of head injury measurements by number of doors. Does the extent of head injury seem to differ among the three groups?  Any other interesting features?

(b) In addition to the boxplots, produce normal probability plots of the head injury measurements

by number of doors (Graph> Probability Plot). Do the data suggest that the population distributions of head injury measurements are normally distributed? Explain.

When data clearly do not follow a normal distribution, one can try applying a transformation in

the hope that the transformed data will follow a normal distribution. Common transformations

involve powers (including fractional powers like square roots) and logarithms. If a distribution

is skewed to the right (positively), then a transformation such as logarithm or square root may be

helpful to “pull down” the larger values. Similarly, if a distribution is skewed to the left, then a

transformation such as squares or cubes may be helpful to “pull up” the smaller values.

(c) Apply the logarithm transformation to the head injury measurements:

MTB> let c15=logt(c5) 
** logt takes log base 10 **

MTB> name c15 'log head'
Now examine boxplots and normal probability plots of this transformed variable by number

of doors. Do these distributions appear to be roughly normally distributed?

(d) Does the equal variance condition also appear to be met for the transformed data?

(e) Apply a one-way ANOVA analysis to these transformed data. Report the hypotheses along

with the value of the F statistic and p-value. If the ANOVA is statistically significant, also include a multiple comparisons analysis using Tukey’s method and a 5% error rate. Summarize your conclusions about whether the data provide evidence that the extent of head injury varies among vehicles with different numbers of doors.

(f) Repeat this analysis to examine whether the data provide evidence that the extent of head

injury varies among vehicles of different year. Be sure to investigate whether a transformation is needed and, if so, whether the log transformation works well again. Also be sure to check the condition about equal standard deviations. Conduct both a descriptive (visual displays and numerical summaries) and inferential (ANOVA) analysis. Summarize your findings.
(f) Repeat this analysis to examine whether the data provide evidence that the extent of head

injury varies among vehicles of different size. Be sure to investigate whether a transformation is needed and, if so, whether the log transformation works well again. Also be sure to check the condition about equal standard deviations. Include both a descriptive (visual displays and numerical summaries) and inferential (ANOVA) analysis. Summarize your findings.
Notes:

· It is often the case that the same transformation will fix multiple problems in the data set.

· The ANOVA procedure is reasonably robust to the normality condition (with large sample sizes and no severe outliers) but not the conditions of independents or equal variances.
