
Linear Models sheet 4

1. Look again at the rubber data; use anova() to form an appropriate ANOVA table,
and set it out as in the notes, corresponding to the case where the full model is
Abrasion∼Hardness+Tensile and the reduced model is Abrasion∼Hardness. Iden-
tify all the sums of squares using the symbolic names in the notes, and check the
calculations of the F test of the hypothesis that Tensile can be omitted from the
regression. Verify that this test gives exactly the same conclusion as the t test that
the Tensile regression coefficient is zero, provided by the summary() function.
[Note that the F statistic is just the square of the t statistic, and also that the
critical values in tables of the appropriate F distribution are the squares of those
for the t distribution.]

2. Complete the argument for the “full vs. reduced” model case on slide 52. The key
step is to show that AT

1 A2 = 0: show this by noting that you can write X1 = XN
for a certain p× q matrix N (hint: its entries are all 0 or 1). Use this to show that
A1X(XT X)−1XT = A1. Work out all the rest of the details.

3. Data were collected on the breadths of cuckoo eggs laid in the nests of 5 different
host species. If those laid in wrens’ nests are excluded, data from the other 4 host
species produce the following summary statistics:

ni∑ni
j=1 Yij = 2632 for i = 1 robin 16

2347 for i = 2 hedge sparrow 14
1671 for i = 3 reed warbler 10
1496 for i = 4 yellow hammer 9∑k

i=1

∑ni
j=1 Y 2

ij = 1355582 49

(The notation is that Yij is the breadth of the jth egg laid in a nest of host species
i, for j = 1, 2, . . . , ni and i = 1, 2, 3, 4.)

Carry out the complete analysis of variance for these data (you can find all the
sums of squares you need from the information above, but you will need to do a
little work to find an appropriate expression for SSgroup). Test the hypothesis that
there is no difference in mean egg breadth between the 4 host species. State all of
your assumptions, carefully.


