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Question 1 [20 marks, 2+4+8--6]

In an industrial experiment, 5 batches of metal ingots were selected at random from the output of a
- production process; each batch contained 4 ingots. Different amounts of cadmium (Cd) and tin (Sn)
were used in five treatments, as follows.

10% Cd No Sn
20% Cd No Sn
30% Cd No Sn
10% Cd 10% Sn
30% Cd 10% Sn

moO O mo>

Each ingot was melted and mixed with the appropriate amount of Cd and Sn and then allowed to
cool. When the treated ingot was reheated, its melting point y (°C) was recorded, as shown below.

Batch1l A:194 D:205 E: 250 B:214
Batch2 B:204 E:243 D:198 C: 238
Batch3 D:206 B:205 C:238 A: 186
Batch4 A: 183 E: 247 B:202 C: 229
Batch5 E: 255 C:244 D:209 A: 198

(a) Explain fully the circumstances in which a balanced incomplete block design is appropriate. In the
usual notation let v represent the number of treatments, b the number of blocks, r the number of
replicates of each treatment and k the number of units in each block. Also let A denote the number
of times each pair of treatments occurs together in a block.

(b) State the values of v, b, 7, k and X in the above design.
(c) Obtain the analysis of variance for the data. State briefly your conclusions from this.

(d) Estimate the adjusted treatment means, compare these means and interpret your results.

Question 2 [20 marks, 3+3+4+3+3+4]

(a) The following table represents the treatment means from a 2 x 2 factorial experiment.

B
A b b
ey 4 8
[¢5)) 6 8

(i) What are the main effects of A?
(i) What is the interaction effect?

(b) In order to test the null hypothesis that a randomly chosen coin from my pocket is properly balanced
(so that it comes up heads or tails with equal probability), | toss the coin 5 times and obtain 5
heads. What is the p-value associated with my null hypothesis?



(c) Thirty trainees are randomly divided into three groups of 10 and each group is given instruction in
the use of a different word-processing system. At the end of the training period, each trainee is given
the same “benchmark” word-processing project to complete and the time required for completion
is recorded. An ANOVA model will be used to test whether or not the mean time is the same for
the three systems.

(i) What is the response variable here?
(i) Identify the factor studies and the factor levels.

(iii) Is the factor experimental or a classification factor? Would the answer be different if each
trainee had been allowed to select the word-processing system of his or her choice?

Question 3 [20 marks, 4+410-4-6]

An experiment is to be conducted involving five treatments A E, and there are enough units available
to replicate each treatment five times. However, the experimenter can only deal with five units each day
and therefore intends to spend five days on the experiment. There may be systematic differences between
days, and also differences due to the order in which treatments are carried out each day

The experiment is finally carried out using the following plan, which also shows the measurement y
obtained from each unit.

Order Dayl Day2 Day3 Day4 Dayb
First E:821 D:564 A:652 B:880 C:6.18
Second B:855 E:9.12 C:597 D:6.63 A:6.96
Third D:6.06 A:7.37 E:858 C:6.11 B:8.95
Fourth C:6.34 B:882 D:6.70 A:6.85 E:8.87
Fifth A:789 C:6.84 B:9.03 E: 931 D:6.85

(a) Explain briefly how you might attempt to check whether the assumptions required for an analysis
of variance are satisfied.

(b) Construct the analysis of variance for these data.

(c) Find a 95% confidence interval for the difference between the means, g, for treatments D and E.

Question 4 [20 marks, 8+-8-+4]

(a) A scientist believes that the concentration of a chemical in the root cells of a particular species of
plant is linearly related to the quantity of an added soil nutrient. An experiment has been carried
out using a completely randomised design, with four equally spaced levels of the nutrient and three
varieties of the plant species. Two replicates were made, giving 24 observations altogether. The
totals of the two replicates were as follows.

Nutrient Level
Variety 1 2 3 4

X 34 39 44 38
Y 26 37 41 35
z 27 24 41 48




(b)

The sum of the squares of the 24 observations was 8202. Construct an analysis of variance. Assume
no interaction between nutrient level and variety.

A summary of the numbers of patrons who responded to an advertised promotion in four beauty
salons of a small chain of beauty salons on five randomly selected days are given in table 1. Test at
the 0.05 level of significance the null hypothesis that the four beauty salons have the same number
of responses to the advertised promotion.

Table 1: Sample parameters for the four beauty salons
Salon Sample mean Sample variance

1 76 315
2 73 325
3 78 81.0
4 68 19.5

In an experimental study of the efficacy of treatments for depression, patients attending a clinic
were allocated at random to one of a number different drug treatments and other therapies. The
response measurement was the decrease in Hamilton Rating Depression Score (HRDS) over a three
month course of treatment. The data recorded are tabulated below; entries in the rows of the
table are the decrease in HRDS for each treatment. The final group was treated using an inactive
treatment (or placebo).

Group

Therapy 1 520 3.65 7.03 5.63 4.57
Therapy 2 7.05 791 146 4.11 4.18
Drug A 471 375 285 4.89 6.09
Drug B 6.82 6.77 8.31 657 6.55
Placebo 513 6.07 3.55 5.69 3.97

What kind of design is being used in this study? Identify the factor being investigated, and for
each factor state the number of levels that that factor has. Is the study balanced? Is it complete?
Justify your answers.
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