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Question 1 | [20 marks, 3+4+34-3+3+4]
(a) Write down a 4 x 4 Graeco-Latin square.

(b) Suppose that you wish to investigate 3 fertilizer types, by applying them to crops in 3 regions of
land. Each region is only large enough for two crops, so that a Balanced incomplete Block design
is called for. Write down an appropriate design. What is A for your design? Give both the meaning
of X, and its numerical value.

(c) Consider a 22 factorial design with factors A and B, for which the effects model is that the expected
value of the k™ observation with A at level 7 (i = 1 for low, i = 2 for high) and B at level j (j =1
for low, j = 2 for high) is

Elyix) = p+ As + B + (AB)s;.

In terms of ;. and appropriate averages, give expressions for

(i) the estimate of the main effect of the high level A,
(ii) the estimate of (AB};;.

(d) An agricultural experiment, to test the effectiveness of certain crop stimulants on certain crops, is
carried out as follows. Three 100 hectare plots of land are selected and randomly labelled 1,2,3.
In plot 1, wheat is grown. In plot 2, rye is grown and in plot 3, canola is grown. Then each plot
is divided into four 25 hectare fields and the four possible stimulants are applied, one to a field, in
random order. This entire experiment is then replicated 4 times.

(i) What is the name of the design being used here?

(i) Viewing replicates as a random factor, clearly write down the effects model which you would
use to analyze these data. Be sure to describe any constraints on, or distributions of, the terms
in your model.

Question 2 [20 marks, 8+8+4]

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 1 520 365 7.03 563 4.57
Therapy 2 7.05 791 146 411 4.18
Drug A 471 375 285 489 6.09
Drug B 6.82 6.77 831 657 6.55
Placebo 513 6.07 355 569 397

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



(b) Using the data, an ANOVA analysis is to be carried out. The ANOVA table below contains some
missing entries marked by the notation? Write out the ANOVA table in full, filling in the missing
values using the information already given in the table.

Source SS DF MS K
Group 19613 7 7 ?
Error ? 7 2205
Total 7 7

(c}) What is the conclusion of the ANOVA analysis? State clearly the null and alternative hypothesis,
the test statistic, the null distribution, and the conclusion.

Question 3 [20 marks, 8+4-8-+4]

The article “Responsiveness of Food Sales to Shelf Space Changes in Supermarkets” (J. Mktg. Res. 1969:
63-67) described an experiment to assess the effect of allotted shelf space sales of “Tang”. Six stores were
used in the experiment, and six different shelf-space allotments of 6, 9, 12, 15, 18 and 21 feet were tried
for 1 week. The author speculated that changes in shelf space would affect sales. Data on the number of
containers of Tang sold is given in the following table.

Shelf space (feet)

Store| 6 9 12 15 18 21
30 35 25 27 38 31
47 59 43 62 65 48
47 55 48 54 36 54
29 19 41 27 33 39
17 11 256 23 24 26
2 9 19 18 25 22

[ B4 I R FL RN S 3 )

(a) Is there any effect of shelf-space (as a factor) on sales, allowing for different sales in different stores?
State clearly your null and alternative hypothesis, decision rule and present you conclusions.

(b) Test for equality of variance by store. State clearly your null and alternative hypothesis, decision
rule and present you conclusions.

(¢) Compute 95% family-wise confidence intervals for the mean difference in sales between Store 1 and
6. Use the most efficient approach.
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