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All questions may be attempted.
Credit will be given for the best THREE answers only.

1. The following data were generated from a randomised block design with 4 treat-
ments and 3 blocks:

Treat 1 Treat 2 Treat 3 Treat 4 Total

Block 1 3.4 10.1 114 3.6 28.5
Block 2 5.9 10.2 12.6 7.2 35.9
Block 3 6.3 11.3 12.3 8.7 38.6

Total 15.6 316 36.3 195 103.0

The GLIM mathematical model for the design is
Xy=h+7+0i+e; 1<i<3,1<5<4,

where 7; is the effect of treatment j, ﬁ:z is the effect of block i and €;; ~ N(0, 02)
independently while GLIM set 7, = 4, = 0. Assume both treatment and block
are fixed effects.

(a) State the GLIM commands you would use to input the data in order to produce
the following results: . (4 marks)
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[i[]? $6it$
[o] deviance = 116.22
o] residual df = 11

——t —
=]
ot

[i] 7 $ fit + block $
o] deviance = 102.55 (change = -13.67)

[
[o] residual df = 9 (change = -2)

°

[i]? $ fit + treat $
o] deviance = 6.6750 (change = -95.87)

[

[o] residual df = 6 (change = -3)

[i]? $dispe§

[0] estimate s.e.  parameter

o] 1 3.742 0.7458 1

o] 2 1.850 0.7458 BLOCK(2)

[o] 3 2.525 0.7458 BLOCK(3)

o] 4 5.333 0.8612 TREAT(2)

o] 5 6.900 0.8612 TREAT(3)
6 1.300 0.8612 TREAT(4)

[0] scale parameter 1.112

(b) Based on the GLIM output, carry out the ANOVA (hypothesis tests for blocks
and compute the 95% confidence intervals for

and treatments using o = 0.05)
/TL, ’?‘2 and ﬁg‘ (7 marks)
(c) Carry out the Newman-Keuls MRT for the 4 treatments (using a = 0.05).
(7 marks)

(d) State the least-squares estimator for the GLIM parameter ji and show its variance
is 02/2. (7 marks)
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2.(a) Assume that a randomized block design has k treatments and n blocks. The
mathematical model can be described by

where p is the grand mean, f3; the effect of block 4, 7; the effect of treatment j
and ¢;; the experimental error. Assume that ¢;; are independent and follow a
N(0,02) distribution. Assume also that blocks and treatments are both fixed
effects, >0, B; = 0 and Zg?zl 7;,=0. Let B; (1 <i<n)and T; (1 < j < k)
be the block and treatment totals, and G be the grand total. Let m, b; and
t; be the least squares estimators for p, B; and 7;, respectively. Imposing the
constraints Y , b; = 0 and Z;Ll t; = 0, obtain expressions for p, B; and 7; in
terms of B;, T; and G. (13 marks)

(b) In a 2* design with 2 blocks and 2 replicates, the design is arranged so that
ABC and ABD are confounded with block effects in replication 1 and 2 respec-
tively. Specify the units to go into each block for 2 replications and identify the
composition of the ANOVA table.

(12 marks)
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3.(a) An antibiotic can be prepared using formulations A, B or C. To study the bioe-
quivalence of the compound, two subjects were administered each formulation
and the activity of the antibiotic measured in blood samples taken from the

" subjects 1h, 12h, 24h and 36h after administration. The data were as follows:

Formulation

1 2 3
Subject 1 2 1 2 1 2
Time 1h 37.5 34.8 26.9 204 40.1 - 36.1
12h  30.1 22.1 11.3 84 30.3 26.3 -
24h 54 1.6 55 3.9 21 23
36h 52 14 58 3.3 22 21

If different subjects were used for each formulation, state a linear model that
may be used to represent the data and state the assumptions of the model.
State the detailed GLIM commands you would use to undertake the analysis
(you need to include the code for checking assumptions).

(13 marks)

(b) The partially completed ANOVA table for a p x g design is shown below
Source SS df MS F

A 120 4
B 16
AB 8 6.5
Error

Total 290 44

Assume A is a fixed effect and B is a random effect so this is a mixed model.
Using a suitable notation, give a clear description of the model, including any
assumptions necessary to undertake the analysis of variance. Fill in the blanks
in the ANOVA table. Carry out the F-tests for interations AB and main effects
A and B. Test using a = 0.05.

(12 marks)
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4.(a) Assume that in a randomized block design, the experimental errors are inde-
pendent and follow a N(0,02) distribution. Assume also that MSerror = 0.6
and the d.f. for error is 20. Compute the 90% confidence interval for o2.

(6 marks)

(b) In a 2* design with treatments A, B, C, D, 3 replications are carried out for
each of the following half of the 16 treatment combinations:

(1) a bc abc bd abd cd " acd

Identify the defining contrasts and indicate aliases. Also identify the composi-
tion of the ANOVA table.

(13 marks)

(c) In a 25-design with treatments A, B, C, D, E, how many 2-factor interactions
are there? If the 3-, 4-, 5-factor interactions are used as error, identify the
composition of the ANOVA table.

(6 marks)
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2453 DAL

Total 116.22 11

Lea) [1] ? $units 12
’ oo [i1 ? $data yield$

[i] ? Sread
[i] $REA? 3.4 10.1 11.4 3.6
[i] SREA? 5.9 10.2 12 6 7.2
[i] $REA? 6.3 11.3 12.3 8.7 -
[i] ? $cal block=%gl(3,4)%
(i1 ? $cal treat=%gl(4,1)$ e
{i] ? s$factor block 3 treat 43
[1i1 ? $look yield block treat$

o] YIELD BLOCK TREAT .

fol 1 3.400 1.000 1.000 e e

' [o] 2 10.100 1.000 2.000
[o] 3 11.400 1.000 3.000 L e
[o] 4 3.600 1.000 4.000 -
[o] 5 5.900 2.000 1.000 . .
[o] 6 10.200 2.000 2.000 /ﬂ/’LL'¢1L
[o] 7 12.600 2.000 3.000 R
[o] 8 7.200 2.000 4.000
[o] 9 6.300 3.000 1.000
[o] 10 11.300 3.000 2.000
o] 11 12.300 3.000 3.000
[o] 12 8.700 3.000 4.000
[i] ? $yvar yield$  ——— i

(é ) Anova Table

Source SS at MS F
Block 13.67 2 6.68 6.1 '
Treat 95.87 3 31.96 28.8
Error 6.68 6 1.11 ,_/\//;Vé"‘/é e
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