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INSTRUCTIONS: Answer question ONE and any other TWO questions.

Question 1: (30 marks)

(a) Describe briefly the three principles of design of experiments and for each principle

point out its significance in design and analysis of experiments. (3 marks)

(b) Define the following terms as used in experimental designs:

(1) Treatments (1 mark)
(11)  Experimental units (1 mark)
(i) Yield (1 mark)

(©) By assuming the linear random effects additive model

Yy =ML e, i=12-——v, j=12,———r
in a completely randomized design,

(1) Determine the estimates of x and ¢, (4 marks)

(i)  Find the variance of the estimate of ¢, (3 marks)
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(d)

(e)

The health of employees working in three different departments of a

company is being compared. The resting pulse rates are given below:

Sales 72 81 96 75 69 88 74 102
Accounts 65 73 78 66
Admin 61 79 67 74 65
(1) Find the overall mean p, assuming it is the same as the sample mean.
(1 mark)
(i) Find the treatment mean, p;, assuming they are the same as the
sample treatment means. (3 marks)
(iii)  Hence, find the treatment effects, t, (3 marks)
The ANOVA for randomized block design produced the ANOVA table
entries shown here
Source of variation d.f S.8 MSS F
Treatments 2 131.9 - -
Bocks 6 - 44.7 -
Error - 124.5 -
Total - -
(1) Complete the ANOVA table. (4 marks)
(i) Do the data provide sufficient evidence to indicate a difference
among the treatment means? Test using o = 0.01 (2 marks)
(iii) Do the data provide sufficient evidence to indicate that blocking
was a useful design strategy for this experiment. Take o to be 1%. (2 marks)
(iv)  Find the efficiency of this design over the completely randomized

design. (2 marks)
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Question 2 (20 marks)

(a) Explain what a randomized block design is. (2 marks)
(b) Show that the efficiency of a randomized block design (R.B.D) relative
to a completely randomized design (C.R.D) is
E, b(vw1)+(b~1)~§:
E, bv -1
where Ej is the mean sum of squares due to error in R.B.D
E; is the mean sum of squares due to error in C.R.D
v is the number of treatments
b is the number of blocks
(6 marks)
(c) A randomized block design was used to compare the mean responses for
three treatments. Four blocks of three homogeneous experimental units
were selected, and each treatment was randomly assigned to one experimental
unit within each block. The data are shown in the table below:
Block
Treatment 1 2 3 4
A 3.4 5.5 7.9 1.3
B 4.4 5.8 9.6 2.8’
C 22 34 6.9 0.3
Perform an analysis of variance on these results stating clearly the null
hypothesis and your conclusion.
Take o to be 1% (12 marks)
Question 3 (20 marks)
(a) When is an incomplete block design said to be balanced? (2 marks)
(b) For a balanced incomplete block design with the usual notation, show that
(i) b2v+r-k (5 marks)
(i1) AV=-D=rk-1 (7 marks)
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(c) Describe how you would construct a balanced incomplete block (B.I.B) design

using (s-1) pairwise orthogonal latin squares each of size (s x s), s being a

prime number or power of a prime number. State the parameters of such a

design. (6 marks)
Question 4 (20 marks)
(a)  Considera (v x v) latin square design. Let Yoo =% (0, jk =1,2,—=—v)
in the ith row, jth column and receiving the kth treatment be missing.
Prove that
. VR +VC' +VT] -2G’
V=-2)(V -1
where R =total of know observations in the ith row
C' =total of known observations in the jth column
T, = total of known observations receiving kth treatment.
V' = the number of treatments
G' =Total of all known observations.
(6 marks)

(b)  Estimate the missing value in the following latin square design and then

set up the ANOVA table. Hence make an appropriate conclusion by taking

the level of significance to be 1%.

A B C
74 57 50
C A B
6 94 -
B C A
40 29 112

(14 marks)
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Question 5 (20 marks)

(a) Define the term, complete factorial experiment. (2 marks)

(b) What is a treatment contrast? When are two such contrasts said to be

orthogonal? (2 marks)

(c) In a 2? factorial design we have two factors Ay and A; applied at two levels.
Write down the treatment combinations of this design. Obtain the estimates

of main and interaction factors (or effects) (13 marks)

(d) If three treatments are arranged in a latin square, how many orthogonal
latin squares are possible? Suppose we denote the three treatments by
0, 1 and 2. Write down the set of orthogonal latin squares with these

treatments as entries. (3 marks)
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s mind inator)
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