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Question 1 - [20 marks, 12+-8]

A pilot study was undertaken on the interaction effects of two drugs to stimulate growth in girls who are
of short stature because of a particular syndrome. Each drug was known to be modestly effective singly,
but the combination of the two drugs had never been investigated. Blocking by both subject and time
period was desired whereby repeated measures for different treatments applied to the same subject are
obtained. A 4 by 4 latin square design, shown below, was utilized for four subjects, four time periods, and
four treatments. The four time periods consisted of one month each separated by an intervening month
during which no treatment was given. The four treatments were A: no treatment (placebo); B: drug X
alone; C: drug Y alone; D: both drug X and Y. The response was the difference in the growth rates (in
centimetres per month) during the treatment period and the base period before the experiment began.
The results of the study follow.

Subject Period (j)

(i) k=1 k=2 =3 k=4
i=1 A=002 B=015 D=045 C=0.18
i = B=027 C=024 A=001 D=058
i=3 C=011 D=035 B=014 A =003
i=4 D=048 A=004 C=018 B=022

(a) Obtain the analysis of variance table. Interpret your results.

(b) Estimate the interaction contrast

[ = [ Hr2 T H443 M2 T Byt
=\ 9 Hit1 ) — { Htpa — 5

using a 90 percent confidence interval. Interpret your results.

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

(a) A random sample of 10 students was selected from the senior class at each of four large high schools,
and the score of each of these 40 students on certain mathematics examination was observed.
Suppose that for the 10 students from each school, the sample mean and the sample variance of the
scores are given in table 1. Test the hypothesis that the senior classes at all four high schools would
perform equally well on this examination. Discuss carefully the assumptions that you are making to
carry out this test.

Table 1: Sample parameters for the four schools
School Sample mean Sample variance

1 105.7 30.3
2 102.0 54.4
3 93.5 25.0
4 110.8 36.33

(b) A consumer organization studies the effect of age of automobile owner on size of cash offer for a
used car by utilizing 12 persons in each of three age groups (young, middle, elderly) who acted as



the owner of the used car. A medium price, six-year-old car was selected for the experiment, and
the “owners” solicited cash offers for this car from 36 dealers selected at random from the dealers in
the region. Randomization was used in assigning dealers to the “owners”. The offer in (thousands
of Emalangeni) follow.

Young 23, 25, 21, 22, 21, 22, 20, 23, 19, 22, 19, 21
Middle 28, 27, 27, 29, 26, 29, 27, 30, 28, 27, 26, 29
Elderly 23, 20, 25, 21, 22, 23, 21, 20, 19, 20, 22, 21

(i) How would you check whether an ANOVA model is appropriate.
(ii) Assuming an ANOVA is applicable conduct an F test for equality of factor level means.

Question 3 - [20 marks, 2+6464-6]

A researcher studied the effects of three experimental diets with varying fat contents on the total lipid
(fat) level in the plasma. Total lipid is a widely used predictor of coronary heart disease. Fifteen males
were grouped into five blocks according to age. Wuthin each block, the three experimental diets were
randomly assigned to the three subjects. Data on reduction in lipid level (in grams per litre) after the
subjects were on a diet for a fixed period of time follow:

Fat Content of Diet

Block j=1 j=2 j=3

1 Extremely Low Fairly Low Moderately Low
Ages 15 — 24 0.73 0.67 0.15
Ages 24 — 34 0.86 0.75 0.21
Ages 35 — 44 0.94 0.81 0.26
Ages 45 — 54 1.40 1.32 0.75
Ages 55 — 64 1.62 1.41 0.78

(a) Why do you think that age was used as a blocking variable?
(b) Obtain the analysis of variance table.

(c) Test whether or not blocking effects are present; use @ = 0.05. State the alternatives, decision rule,
and conclusion.

(d) Estimate the contrast .
Myt pgs
2

using the Tukey procedure with a 95 percent family confidence coefficient. State your findings.

D= pio

Question 4 . [20 marks, 104-10]

(a) Bread crustiness. The effects of baking temperature on the crustiness of bread are contained in
Table 1. The data are scores from 1 to 20.



Temperature

Low Medium High
Batch 1 Batch 2 Batch 1 Batch 2 Batch 1 Batch 2
4 12 14 9 14 16
7 8 13 10 17 19
5 10 11 12 15 18

Use an ANOVA to test for temperature effects; use & = 0.05. State the alternatives, decision rule,
and conclusion.

(b) An experiment involving the case hardening of lightweight shafts machined from alloys bars of an
alloy was run to study the effects of the amount of a chemical agent added to the alloy in a molten
state (factor A), the temperature of the hardening process (factor B), and the time duration of
the hardening process (factor C) on the outside hardness shaft. All factors were at 2 levels (1:low,
2:high), and the number of rods tested for each treatment was n = 3. The data on hardness (in
Brinell units) follow.

k=1 k=2
T=1 j=2 j=1 j=2
i=1 399 535 56.0 70.9
323 507 56.9 737
36.3 528 56.6 71.6
i=2 452 633 69.4 829
48.0 655 66.6 85.2
475  63.6 68.8 823

Test for three-factor interactions; use a = (.05. State the alternatives, decision rule, and conclu-
sions.
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