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Question 1 (25 marks). An experiment in teaching performance intends to
compare scores for two modules. The study was carried out in three schools
selected at random from a large candidate set. The modules are considered to be
equal among schools so a standard block design was used.

The score is modelled as y;; = p + a; + b; + £4;, where b; ~ N(0, 0%) and

ei; ~ N(0,0?) are independent random terms. The indices range as ¢ = 1,2 for
modules and j = 1, 2, 3 for schools. The covariance structure of the model is also
given

o2+ 0% 0 0 o3 0 0
0 o? + o} 0 0 o3, 0
_ 0 0 o’ + 0% 0 0 0%
Covl(y) = % 0 0 o’+0% O 0 ’
0 o% 0 0 o’ + o} 0
0 0 0% 0 0 o+ o}

where the vector of reponses is y = ( Y11 Y12 Y13 Y21 Y2 Vo3 )T . Means per
treatment (module) are defined as usual as y,. = 71 /3 and yo. = T5/3 with

3
I = Zj:l Yij

(a) For these data and this model, there is only one contrast of interest
L = ay — . Show that L = y;. — y». is an unbiased estimator of L. [2]

(b) Compute V(y,.). (4]

(c) Using your previous result forﬁV(yl.) and the facts that V(y;.) = V(y2.) and
Cov(yl., yg.) = 0’%/3, find V(L) [4]

(d) Using the results for constrasts seen in lectures, the sum of squares for

treatments is written in terms of L as Sy = 3L?. Find E(Sr). (6]
(e) Copy the anova table below and complete the missing information. [9]
Source SS | d.o.f. EMS Null hypothesis
Module (tmnt) | Sp Hy:
School (block) | Sp 0’ +20% | Hy:
Residual Sg
Total Sa
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Question 2 (26 marks). A researcher is interested in determining the influence of
genre and artist in the lengths of music samples. He selected 3 music genres and
for each genre, 2 artists. From each artist, he used 2 music samples to give a total
of 12 samples for his study.

The genres under study were selected at random from a group of available genres
and within each genre, the artists were also selected at random from a collection of
artists available. In this setting, an artist in a given music genre is unrelated to
another artist in a different genre.

The data are given below, with lengths in minutes and fractions of minutes suitably
converted to decimal format.

Genre Artist Sample Length

Blues 1 1 9.31
Blues 1 2 2.6
Blues 2 1 8.44
Blues 2 2 5.1
Jazz 3 | 2.1
Jazz 3 2 3.62
Jazz 4 1 3.61
Jazz 4 2 1.87
Disco 5 1 2.3
Disco 5 2 1.89
Disco 6 1 1.79
Disco 6 2 1.78

(a) Write a suitable model for the data and describe its component elements. [6]

(b) Compute the relevant sums of squares and complete the analysis of variance
table. [10]

(c) Perform the relevant hypothesis tests for factors Genre and Artist. [6]

(d) Give the correct instruction of what to put in the GenStat boxes below in
order to analyze this data (4]

Treatment Structure:
Block Structure:
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Question 3 (26 marks). An industrial bread maker wants to compare the relative
humidity in bread loaves produced under five different processes. He sampled two
loaves per process. The data and means are given below.

Process 1 2 3 4 5
Humidity | 142 139 |11 107 |11 99| 11.1 10.6 | 13.5 14.1
Mean 14.05 10.85 10.45 10.85 13.80

In addition, he performed GenStat fixed effects analysis which produced the
following output.

Analysis of variance

Variate: Humidity

Source of wvariation d.f. sS.s. m.s. v.r. F pr.
Process 4 24.9800 6.2450 31.23 <.001
Residual 5 1.0000 0.2000
Total 9 25.9800

(a) Interpret the GenStat output. (4]

(b) The bread maker is interested in performing multiple comparisons between
processes. Describe the Tukey-Kramer method and as part of your solution,
explain why this method is preferable to the LSD method. Note that you do
not need to describe the LSD method. (4]

(c¢) For the above data and o = 0.05, perform multiple comparisons using the
Tukey-Kramer method and draw conclusions. A table of the studentized
range distribution is provided in the next page. [10]

(d) Write the hypothesis to be tested with Bartlett’s test and briefly explain it. [4]

(e) An intern in the factory produced partial computations to compare variances
using Bartlett’s test for this data. He computed K’ = 2.451 and L = 0.4.
Write the test statistic for Bartlett’s test as a function of K and L and
compute its numerical value, then perform the test and conclude. [4]

The next page contains an appendix for part (c) of this question
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Appendix for Question 3: Percentiles of the studentized range distribution for

1 —a=0.95

Every entry in the table is ¢(1 — a; v, v) where

P{g(y,v) <q¢(1 - a;7v,v)} =1 — a with a = 0.05.

v

2 3 4 5 6 7 8 9 10 11
21608 833 980 10.88 11.73 1243 13.03 13.54 1399 1440
31450 591 682 750 804 848 885 9.18 946 9.72
41393 504 576 629 671 7.05 735 760 783 8.03
3 51364 460 522 567 603 633 658 680 699 7.17
6346 434 490 530 563 590 6.12 632 649 6.65
71334 416 468 506 536 561 582 6.00 6.16 630
81326 404 453 489 517 540 560 577 592 6.05
91320 395 441 476 502 524 543 559 574 587
103,15 3.88 433 465 491 512 530 546 560 572
11 {3.11 382 426 457 482 503 520 535 549 561
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Question 4 (23 marks). The mechanism of certain enzymatic reaction depends
upon amounts of two reactants termed A and B. An experiment was performed,
using two levels of each A and B which were coded as 1,2. For each combination,
three replications were created and the amount of material y produced (in grams)
per 100 grams of reactants is shown below.

Al 1l 1 1 1 1 1 2 2 2 2 2 2
B| 1 2 1 2 | 2 1 2 1 2 1 2

y |49.9 519 49.8 522 493 52.0 509 523 493 529 490 523

(a) Describe an appropriate model for this data.

(b) For this data, plots I and 1l below were produced. One of the plots shows
means per treatment combination (interaction plot) and the other shows
means per factor level (main effects plot). However it is not known which is
the main effects plot and which is the interaction plot and your task is to
disentangle this. Note that different types of lines in the plots do not have
special meaning.
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For each of plots I and II,

(1) identify the type of plot (main effects, interaction),

(ii) explain what each of the lines in the plot represent, label the horizontal
axis, and

(iii) interpret the plot.

(c) Compute least squares parameter estimates for the model you described in
(a). Here you are only required to use the formulz and not to derive them.

(d) Give the formula for the standard error of the difference of means per
treatment combination.

End of Paper.
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