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EXAMPLE 3.2 Rao [1948] introduced the now famous example of testing
whether the thickness of cork borings on trees was the same in the north, east,
south and west directions; thus d = 4 and Hy is p; = p, = p; = p,. Observa-

tions x, on 28 trees are given in Table 3.3, for which

»l

50.5357\ N 7840.96 6041.32 7787.82 6109.32
_ 461786 |E g o = | — 993811 618461 462711
49.6786 | S x - — 9450.11 7007.61
45.1786 | W - - —  6102.11

TABLE 3.3 Weight of Cork Borings (in Centigrams) in Four Directions
for 28 Trees”

N E S W N E S w
72 66 76 77 91 19 100 75
60 53 66 63 56 68 47 50
56 57 64 58 g5 65 70 61
41 29 36 38 81 80 68 58
32 32 35 36 78 55 67 60
30 35 34 26 46 38 37 38
39 39 31 27 39 35 34 37
42 43 31 25 32 30 30 32
37 40 31 25 60 50 67 54
33 29 27 36 35 37 48 39
32 30 34 28 39 36 39 31
63 45 74 63 50 34 37 40
54 46 60 52 43 37 39 50
47 51 52 43 48 54 57 43

“From Rao [1948: Table 1}, by permission of the Biometrika Trustees.

EXAMPLE 3.3 In Example 3.2, Rao was particularly interested in cork
differences relating to the contrast north—south versus east—west ( [T o
f3 — jt4), to which he added the contrasts south versus west (u; — p4) and
north versus south (g, — ;). This choice of contrasts leads to the matrix

I =1 1 -1
A=1|0 0 I =l

1 0 -1 0

Since testing Hy: Ap = 0 is equivalent to testing pt; = p, = p; = p,, the value
of the test statistic F; is the same as that in Example 3.2, namely, 6.402. By the
same token, the measures of skewness and kurtosis, b, ; and b, 5, are also the
same, as A is related to C,; by a nonsingular transformation.
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