
Assignment # 6, Stat 8311, Fall 2006

Reading
Chapters 7 & 8 of the notes

Problems
The following problems are due on Friday, November 17, 2006, in class.

1. Still in the one-way model, suppose that we have t = 5 groups with m observations
per group, and consider testing the null hypothesis that all group means are equal versus
the alternative that they are not all equal. Draw a power curves as a function of of m
assuming that max(µi − µj) = kσ for k = 1, 2, 3.

2. Consider the balanced two-way analysis of variance model, given by

yijk = µ + αi + βj + γij + εijk

for i = 1, . . . , r; j = 1, . . . , c; k = 1, . . . , m.

(a) Assuming the R parameterization for the various effects, find var(α̂), var(β̂), var(γ̂).

(b) For the Helmert parameterization, with, for example,

G3 =




1/
√

2 1/
√

6

−1
√

2 1/
√

6

0 −2/
√

6




find estimates of all the parameters and their variances.

3. Verify the expected mean squares in Table 7.2, of the notes.

4. The following table gives the results of an experiment to investigate the effects of a con-
trol (C) and two inorganic fertilizers (F1 and F2) on the yields of 3 varieties of rice. There
were two replicates of each of the nine treatments.

Variety C F1 F2

A 106 168 112
94 146 128

B 97 61 112
86 88 91

C 62 125 134
60 106 112

If you are connected to the internet using R, you can read these data using the commands

file<-"http://www.stat.umn.edu/˜sandy/courses/8311/prob72.txt"
prob72 <- read.table(url(file), header=TRUE)
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The columns are called V, F and y. Otherwise, you can get the data from the data page
of the class website.

(a) Construct the Analysis of Variance table for these data and carry out the F -tests
for main effects and interactions. Draw an interaction graph, and briefly summarize
your findings. In particular, provide an estimate for the mean response for variety
C with the control fertilizer, and its standard error.

(b) Derive and compute an appropriate test for the null hypothesis that the difference
between the control level C and F1 of the fertilizer factor is the same for each variety
versus the alternative that it is different.

(c) Suppose that an additional observation of variety C under condition F2 was taken,
with a value of y333 = 120. Explain how this would impact the results of the first two
parts of this problem. In particular, obtain analysis of variance tables corresponding
to both Type II and Type III sums of squares. Once again, give the estimated mean
when variety is C and fertilizer is also C and its standard error.
You can add a row to the data file by typing the following two commands:

prob72a <- rbind(prob72,c("C","F2",120))
prob72a$y <- as.numeric(prob72a$y)

The second command is needed because the binding converted y to a character
vector.

(d) Repeat Problem 4c, but this time assume that no observations were taken in the
cell for variety C, fertilizer C; you can fit with these data by adding the argument
subset=-c(13,14) to your lm or aov command (if you added a row to the
file, use subset=-c(13,14,19)). Once again, give the estimated mean when
variety is C and fertilizer is also C and its standard error.

5. The data in the file http:/www.stat.umn.edu/˜sandy/courses/8311/rir096.txt is from a two
factor experiment with a factor Treatment with seven levels and a factor Soil, with three
levels, both qualitative factors. If you are using R and you are connected to the Internet,
you can read the file with this command:

> dd <- read.table(
url("http://www.stat.umn.edu/˜sandy/courses/8311/rir096.txt"),
header=TRUE)

(a) Draw an interaction plot for these data and comment on what it shows.

(b) Obtain Tukey’s test for nonadditivity, and comment on the result.

(c) Let E(yij) = θij , with i for level of Treatment and i for level of Soil and as an
alternative to Tukey’s model consider

θij = η + αi + βj + aiβj

where the parameter β is the same in the main effect and the interaction, but the
ai are not the same as the αi. Compute a test of a1 = . . . = ar = 0 against a
general alternative, and state its null distribution (as with Tukey’s test, the alternative
distribution is complex).
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