
Supplementary exercises 12.54 and 12.55 of IPS7e

Data: Measurements of vitamin contents in loaves immediately after baking and after storage for 1,
3, 5 and 7 days. Two loaves were measured for each storage condition. In this exercise we consider
two outcomes: concentrations of vitamin A and vitamin C.

Model: If we denote the vitamin concentration in loaf j subjected to storage condition i (where
i = 1, 2, 3, 4, 5 and j = 1, 2), the statistical model is that the Xij ’s are normally distributed N(µi, σ),
and all observations are independent.

With only two replicates per group, it is almost impossible to check the assumptions of the model.
The standard deviations within groups are highly variable when based only on two observations, and
the IPS/PSLS guideline for the homogeneity of standard deviations can be dispensed with. The best
descriptive statistic is a dotplot to get a visual impression of whether the groups looks reasonable
similar. We give Minitab commands and outputs for the descriptive analysis.

Describe 'vita' 'vite';
By 'condition'.

Dotplot ( 'vita' 'vite' ) * 'condition'.

Comments:
The variation is reasonably constant across the groups. Except for the 7-day storage group and the
vitamin A outcome, the groups also seem to have approximately the same location.
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Exercise 12.54
We proceed with the analysis of variance, focusing at first on the ANOVA table and the group means.
The null and alternative hypotheses are:

H0 : µ1 = µ2 = µ3 = µ4 = µ5 (same mean vitamin level in all storage groups),
Ha : not H0, that is, some storage groups differ.

Comments:
The ANOVA tables show that the F -tests have (4,5) degrees of freedom, and have values of 12.09
and 0.69 for vitamin A and E, respectively. The former is clearly significant, and the latter is clearly
nonsignificant.
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For vitamin A we conclude that some differences among groups exist, and looking at the means it
does in fact seem as if the bread has lost some of its vitamin A after a 7-day storage (but not after 5
days). For vitamin E we conclude that there is no evidence of a difference among the storage groups;
the bread does not seem to loose its vitamin E by storage (up to 7 days).

Exercise 12.55
(a) It is inappropriate to perform multiple comparisons when the overall F -test is nonsignificant.

When there is no (overall) evidence of a difference between the groups (and no apriori hypothe-
ses), it makes no sense to go “hunting” after specific differences between groups.

(b) Assuming that no particular group differences are of special interest, we may use the Bonferroni
method to account for a total of 5 · 4/2 = 10 pairwise comparisons. Therefore, the individual
error rate is 0.05/10 = 0.005.

An alternative to using Minitab is to compute an adjusted LSD value directly. From the t-
distribution table with df = 5 (DFE) and confidence level C = 99.5% (corresponding to an error
level of 0.5%) we get t∗ = 4.773. Therefore, the LSD-value adjusted for multiple comparisons
equals

LSD(.995) = 4.773 · 0.06083
√
2/2 = 0.29.

Among the group means, only those of group 7 and 0 days, and of group 7 and 5 days, differ by
more than 0.29. Therefore these are the only significant comparisons. Further comments below
the Minitab print, showing only the extra listing resulting from the Comparisons submenu,
where the Fisher error rate has been set to 0.005 (not 0.5, as one would intuitively think).

Comments:
The 99.5% confidence intervals lead to the same conclusion as described above, namely that the
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only significant comparisons are 7-0 and 7-5 (these are the only CIs not including zero). The
grouping information represents that conclusion in a diagram. The column labelled “Adjusted
P-value” is a bit misleading here, because the Fisher method involves no adjustment. Therefore
the P -values are unadjusted for multiple testing, and our choice of a 0.5% error level has no
impact on these P -values. The correct way to interpret these is therefore at a 0.5% significance
level, showing us that only the two comparisons 7-0 and 7-5 are significant.

Our results are that at the overall 5% level there is a significant difference between 7-day storage
and storage of 0 and 5 days, but not 1 and 3 days. Biologically this does not make much sense,
so a more reasonable conclusion is that the data show a lower vitamin A content for day 7
than all other days, and this effect is significant at the overall 5% level for 0 and 5 days, and
close to significant for days 1 and 3. The Bonferroni method is conservative, so other methods
might give significance for more days (for example, the Tukey method shows significance for all
comparisons with 7 days), but in practice this should be of little importance for the conclusions
from the study.
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