UNIVERSITY OF SWAZILAND

FINAL EXAMINATION PAPER 2010

TITLE OF PAPER : DESIGN AND ANALYSIS OF EXPERIMENTS
COURSE CODE . ST404

TIME ALLOWED : TWO (2) HOURS

REQUIREMENTS : CALCULATOR AND STATISTICAL TABLES
INSTRUCTIONS : ANSWER ANY THREE QUESTIONS



Question 1 [20 marks, 649+5]

(a) Complete the following ANOVA table for a RCBD, in which each treatment appeared once in each
block.

Source SS df MS K
Treatments 12 7 ? ?

Blocks 7 4 6
Error 6 7 7
Total 7019

(b) Suppose that you wish to investigate 3 fertilizer types (‘A’, 'B’, 'C’}, by applying them to crops in
3 regions of land. There are thought to be two nuisance factors at play - the regions themselves
(‘R1', ‘R2’, ‘R3’) and the farmers (Brown, Smith, and Doe).

(i) Assuming that these factors do not interact, write down a design which will allow for the
estimation of all of their main effects, with only 9 crops being planted.
(i)} In a notation such as is used in class, write down the effects model for the data.

(iii) How many degrees of freedom will be associated with SSg?
(€) The following questions require only very short answers:

(i) Suppose that independent observations ¥7,--- , Y, are taken from a population with a mean
of zero and a variance of 2. How can these be combined to form a random variable X which
has a x2 distribution? What then is the expected value of X7

(i) Explain why, in a fixed effects model which contains an overall mean and various treatment
effects, we can always assume that the sum of the treatment effects is zero.

(ili) Suppose that the population of womens heights is normally distributed, with a variance of 1-
c¢m. | am curious as to whether or not the mean height is 165 cm. To test the hypothesis that
it is 165 cm. | observe that a certain (randomly selected) women has a height of 166 cm. On
the basis of this, how do | compute the p-value associated with my hypothesis?

(iv) We commonly use one of two procedures for making multiple comparisons among mean effects.
Which of the two - Least Significant Difference or Tukey's - maintains the experimentwise’
error. rate at a fixed value, regardless of how many comparisons are made?

Question 2 [20 marks, 124+4+4]

(a) In order to investigate the relative effectiveness of three insecticides, a sample of 30 fields was
comnpiled. One of the insecticides was applied in each of ten fields, and one hour later the abundance
of insects was measured.

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

(ii) Describe the nature of the randomization which should be used. Are all 30 observations made
in a completely random order, or is some other mechanism used?

(iii) Write down the (fixed) effects model describing the abundance. Remember to include any
relevant constraints on the parameters.



(b) Write down a 3 x 3 Graeco-Latin square.

{c) Write down the statistical model for a 3 x 3 Latin square design.

Question 3 [20 marks, 18+4-2]

(a) Specimens of milk from a number dairies in three different districts were analyzed, and the con-
centration of the radioactive isotope Strontium-90 was measured in each specimen. Suppose that
specimens were obtained from four dairies in the first district, for six dairies in the second district,
and from three dairies in the third district; and the results measured in picocuries per litre were as
follows:

District 1: 6.4, 5.8, 6.5, 7.7
District 2: 7.1, 9.9, 11.2, 10.5, 6.5, 8.8
District 3: 95,90, 12.1

(i) Test whether the variance of the concentration of Strontium-90 is the same for the dairies in
all three districts. State clearly your null and aiternative hypothesis, decision rule and present
you conclusions.

(i) Test whether the concentration of Strontium-90 is the same for the dairies in all three districts.
State clearly your null and alternative hypothesis, decision rule and present you conclusions.

(iii} Compute 95% family-wise confidence intervals for the mean difference in concentration between
District 1 and 2 and District 1 and 3. Use the most efficient approach.

{b) Show that
E {MSE} = 0‘2

NB: MSp = ;L 30, 5, (Y — Vi)’

Question 4 [20 marks, 10+44-6]

(a) In a study to compare the reflective properties of various paints, three different types of paints were
applied to specimens of five different types of plastic surfaces. Suppose the observed results in
appropriate coded units were as given in table 1.

Table 1. Paint question

Type of Type of surface

paint i 2 3 4 5
1145 136 163 232 194
21146 162 148 168 173
31162 140 155 187 210

(i) Assume an ANOVA is appropriate, test whether the refiective properties of the three paints are
equivalent. State clearly your null and alternative hypothesis, decision rule and present your
conclusions.



(i} State the assumptions made in you analysis and briefly, without further calculation, how you
would check them.

(iii) What are the advantages of a randomized complete block design?

(b} In order to compare automobile repair costs at the 2 repair shops in a certain locale, investigators
collect a sample of 12 cars which have been in accidents and need repairs. Each car is taken to
both repair shops, and estimates of the repair costs are obtained. In terms of

Yi; = estimated cost from shop ¢ to repaircar j (:=1,2, j=1,---,12)

what is the statistic that should be calculated in order to test the hypothesis that the mean repair
costs are the same at the two shops?

(c) Consider the following linear combinations of interest in a single-factor study involving four factor

levels:
p+ e — 4us (1)
0.3p1 + 0.5u2 + 0.1 +0.1p4 (2)
+ 3u2 +
1 gz Hs 14 3)

(i) Which of the linear combinations are contrasts? State the coefficients for each of the contrasts.

(ii) Give an unbiased estimator for each of the linear combinations. Also give the estimated variance
of each estimator assuming that n; = n.
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