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INSTRUCTIONS

1. Answer all questions.

2. Make sure that your examination paper has 3 QUESTIONS.

3. No books or notes are allowed. You may use your calculator.

4. Clearly outline your answers. Show your work and answer each question carefully.

5. A Statistical table can be found on the last page.

Question # Mark Score

1 20
2 25
3 25

Total 70
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1. Problem 1 (20 points)

An experiment is planned to test durable press chemicals that produce wrinkle-free
fabrics. In the past formaldehyde had been used to produce wrinkle-free fabric, but
it was considered an undesirable chemical. This study is to consider three alternative
chemicals: (a) PCA (1-2-3 propane tricarbolic acid) (b) BTCA (butane tetracarboxilic
acid), and (c) CA (citric acid).

Each of the three chemicals will be used on four shirts. First, the chemicals are applied
to the shirts, which are then subjected to simulated wear and washing in a simulation
machine during the test. The chemicals will not contaminate one another if they are
all placed in the same washing machine during the test. The machine can hold one
to four shirts in a single simulation run. At the end of the simulation run each of the
shirts is measured for tear and breaking strength of the fabric and how wrinkle-free
they are after being subjected to the simulated wear and washing.

(a) What is the appropriate design for this experiment. State why your choice of design
is better than the other design techniques we have studied in class (up to Latin square
designs). Then, describe very clearly how you would allocate the treatments to the
shirts and the shirts to the machine throughout the simulation runs of the experiment.
(Note: You will earn no marks by simply saying, randomly allocate the treatments to
shirts and shirts to machine.) (10 points)

(b) Write down a model for the design you have chosen and outline the analysis of
variance table for your design. Remember to state the assumptions of your model and
to explain the terms in your model. (6 points)

(c) Supposing that before running the experiment, you suspect that CA is different
from the other two, write down a set of orthogonal contrasts in terms of the chemical
effects. (4 points)

2. Problem 2 (25 points)

An animal physiologist studied the pituitary function of hens put through a standard
forced molt regimen used by egg producers to bring the hens back into egg production.
Twenty-five hens were used for the study. Five hens were used for measurements at the
premolt stage prior to the forced molt regimen and at the end of each of four stages of
the forced molt regimen. The five stages of the regimen were (1) premolt (control) (2)
fasting for 8 days (3) 60 grams of bran per day for 10 days, (4) 80 grams of bran per
day for 10 days, and (5) laying mash for 42 days. The objective was to follow various
physiological responses associated with the pituitary function of the hens during the
regimen to aid in explaining why the hens will come back into production after the
forced molt. One of the compounds measured was serum T3 concentration. Data from
the experiment was analyzed with SAS and SPLUS. Use part of the output shown
below to answer the questions that follow.

(a) Comment on the adequacy of the single factor ANOVA model used in analyzing
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the data. Would you recommend transforming the data ? Justify your answer. (5
points)

Quantiles of Standard Normal

R
es

id
ua

l

-2 -1 0 1 2

-3
0

-2
0

-1
0

0
10

20

Fitted Value

R
es

id
ua

l

100 120 140 160 180 200

-3
0

-2
0

-1
0

0
10

20

es
id

ua
l

0
10

20

Figure 1: Residual Plots For Problem 2.

(b) Complete the ANOVA table (see Page 4) and use the information to test the
hypothesis of no differences among the treatment means at α = 0.05. Outline clearly
how you computed the missing components of the table. (10 points)

Molt 1 2 3 4 5
yi· 431.87 564.26 1030.78 553.47 439.86

ANOVA Table for the Experiment on Hens
Source of Degrees of Sum of Mean
Variation Freedom Squares Square F-value
Molt 4
Error
Total 51679.07

(c) Outline an appropriate method for comparing pairs of treatment means. In your
outline, compute the terms that can be calculated, state the decision rule by using
appropriate notation for the critical value of any statistic you have used. (10 points)

3. Problem 3 (25 points)

Consider the experiment on seeding rate discussed in class involving two nuisance fac-
tors, field plots and soil gradients, which was conducted in a 5×5 Latin square design.
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The seeding rates were 30, 80, 130, 180 and 230 for A through E respectively. A sec-
ond replication of the experiment was conducted on the same field of the experimental
farm. Data from the experiments are shown below.

Soil Gradient
Field Plot 1 2 3 4 5

1 59.45 (E) 47.28 (A) 54.44 (C) 50.14 (B) 59.45 (D)
35.33 (E) 26.88 (A) 34.56 (C) 24.57 (B) 38.40 (D)

2 55.16 (C) 60.89 (D) 56.59 (B) 60.17 (E) 48.71 (A)
36.09 (C) 32.25 (D) 23.81 (B) 37.63 (E) 24.57 (A)

3 44.41 (B) 53.72 (C) 55.87 (D) 47.99 (A) 59.45 (E)
29.18 (B) 29.95 (C) 33.02 (D) 22.27 (A) 33.02 (E)

4 42.26 (A) 50.14 (B) 55.87 (E) 58.74 (D) 55.87 (C)
18.43 (A) 21.50 (B) 33.02 (E) 32.25 (D) 31.49 (C)

5 60.89 (D) 59.45 (E) 49.43 (A) 59.45 (C) 57.31 (B)
29.95 (D) 36.09 (E) 23.81 (A) 29.95 (C) 26.11 (B)

Using a SAS code, it was found that SSE = 241.27 and SST = 9097.33. The totals for
each replicate were also found to be

Replicates 1 and 2
Row (Field Plot) 1 2 3 4 5
Total (Replicate 1) 270.76 281.52 261.44 262.88 286.53
Total (Replicate 2) 159.74 154.35 147.44 136.69 145.91

Replicates 1 and 2
Seeding Rate 1 2 3 4 5

Total (Replicate 1) 235.67 258.59 278.64 295.84 294.39
Total (Replicate 2) 115.96 125.17 162.04 165.87 175.09

Replicates 1 and 2
Column (Soil Gradient) 1 2 3 4 5
Total (Replicate 1) 262.17 271.48 272.20 276.49 280.79
Total (Replicate 2) 148.98 146.67 148.22 146.67 153.59

Replicate 1 2
Total 1363.13 744.13

Construct the analysis of variance table for the replicated Latin square design.
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