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After the ANOVA

» Ha @ pi # pj for at least one pair (i, )

We've rejected the null hypothesis. .. now what?



Multiple Comparisons

Why don't we start with pairwise comparisons?

» Type | Error Rate



Test Corrections

» Bonferroni correction
» Tukey's HSD

» Benjamini-Hochberg
» ...and many more!



Tukey's HSD (honest significant difference)

» This method is a good balance of dealing with Type | error without being too
aggressive.

» Essentially a t-test, but one that corrects for family-wise error rate (multiple
comparisons).
Xi—%;

» Compare absolute t values, [t| = | £

to the studentized range distribution

» Adjusted p-value
» Family-wise confidence intervals



studentized range distribution

Let Xi,..., X, beiid N(u,02) and let R be the range of X.

Then gn, = R/ has the studentized range distribution where v is the degrees of
freedom used in estimating &.



Example: Chick Weights

anova(aov(weight ~ feed, chickwts))

## Analysis of Variance Table

##

## Response: weight

## Df Sum Sq Mean Sq F value Pr (>F)

## feed 5 231129 46226 15.365 5.936e-10 *xx
## Residuals 65 195556 3009

## ——-

## Signif. codes: O ’**xx’ 0.001 ’*x> 0.01 ’x’ 0.05 ’.” 0.1’ ’ 1



Example: Chick Weights

TukeyHSD (aov(weight ~ feed, chickwts))

##
##
#Ht
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##
##
##
##
##
##
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Tukey multiple comparisons of means

95)% family-wise confidence level

Fit: aov(formula =
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Example: Chick Weights
plot(TukeyHSD(aov(weight ~ feed, chickwts)))

95% family-wise confidence level
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