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Question 1 (23 marks). A study was performed to determine the preference of
customers for three different types of energy drinks, codenamed as A, B, C. Ten
specimens of drink B were given to customers, while five specimens of each of A
and C were used.

The following facts using the notation seen in lectures will be required. The model
under consideration is the standard model y;; = p + «; + €; with independent
errors €;; ~ N(0,0?%). For this model and a general contrast L = 22:1 Apicy;, its
estimator is Lj, = 22:1 Akiy;.; and the sum of squares for contrast L is

T2
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where 7; and y;. are the replication and mean for treatment ¢, respectively.

=

(a) There is interest in performing orthogonal comparisons. One comparison of
interest is to test equality of effects of A and C'. Write this comparison as a

contrast and call it L;. (2]
(b) Propose an orthogonal contrast L,. Show that L; and L, are orthogonal. [4]
(¢) Write down the estimator L, of your proposed contrast and show that ﬁg is an

unbiased estimator of L. 4]
(d) Find the variance of the estimator Ls. [6]

(e) Combine your results to determine the expected mean square of contrast Lo,
that is, compute E(M,) = F(S,). Explain how this expectation relates to the
hypothesis test of contrast L,. [7]
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Question 2 (27 marks). The loss of product in the manufacture of an organic
chemical was studied in an experiment involving three blocks. Fifteen batches were
used and five blends of acetanilde were considered. The data and sums of squares
are given below.

Loss Block Blend
18.2 I B
17.2 I A
17 I C
18.5 I E
15.1 I D —
16.9 i T Source of variation 5.8.
' Blend 17.047

18.3 I E

Block 0.633
19.2 11 B .

Residual 4.173
18.1 il - Total 21.853
16 I D ota :
17.1 111 B
16 111 D
17.3 I c
19.8 II1 E
17.3 IIT A

(a) Complete the analysis of variance table and test the relevant hypothesis for
the effect of factors acetanilde blend and block. [8]

(b) Construct a table of means for acetanilde blend and give the standard error of
a difference between means in that table, [5]

(c) Using the method of least significant difference, perform multiple compar-
isons between all pairs of acetanilde blends. (9]

(d) Give the explicit version of the matrices X and 3 involved in writing the
matrix form version of the model Y = X 3 + ¢ for these data. [5]
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Question 3 (28 marks). A factorial experiment was carried out to investigate the
effects of the physical properties of vulcanised rubber (wear) by varying two fac-
tors. The first factor was type of £iller and the second factor was method of
pretreatment. Both factors were given coded levels 1, 2, 3. The data are given below;
in addition we know that 404% + 3927 + 348% + - - . + 249% + 4822 = 2932360 and

that 404 + 392 + 348 + - - - + 249 + 482 = 7100.

MTH6134 (2015)

Replications
1 2
Method Method
1 2 3 2 3
1404 478 530|381 429 528
Filler 2| 392 418 431|239 251 249
3348 381 460 | 327 372 482

(a) Compute a table of means per treatment combination.

(b) The following is a plot of means per treatment combination.
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Identify which factor belongs to the horizontal axis and which to the cathe-
gories indicated by line types; also state which levels correspond to labels A,
B, C in plot and what the bar represents (full line, label D). Interpret the plot.

(c) Complete computations of analysis of variance and test the effect for factors

filler and method and their interaction.

(d) Give the standard error for the difference between means per treatment com-

bination.
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Question 4 (22 marks). Batches of plastic-like material were sampled, with each
batch being sampled four times; two manufacturers were considered, each providing
three batches of material to total 24 measurements.

(a) The following two panels correspond to analyses performed in GenStat.

Variate: Strength

Source of variation  d.f. §.8. mM.S. V.L
Panel 1| Manufacturer 1 338 338 0.09

Manufacturer.Batch 4 39883 99.71 2.59

Residual 18 692.75 38.49

Total 23 1094.96

Variate: Strength
Source of variation d.f. 5.5,  ML.S. V.I,
Manufacturer.Batch stratum

Manufacturer 1 338 3.38 0.03

Pael2| g ostiinal 4 39883 9971 2.59

Manufacturer.Batch. *Units* stratum
18 69275 38.49

Total 23 1094.96

For each panel above, and assuming that data have been captured in factors
“Manufacturer” and “Batch”, give the correct instruction of what to put in the
boxes

Treatment Structure:
Block Structure:

(6]

(b) Now assume that the data come from an experiment in which manufacturers
were selected randomly from a large number of suppliers and that for each
manufacturer, batches were also selected at random. Write down the appro-
priate model and assumptions. (4]

(c) Test the hypothesis for the factors manufacturer and batches and conclude.  [12]

End of Paper.
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