
Assignment 1: Design and Analysis of Experiments
Due Date: October 1, 2014

1. (a) Find the definitions of research and hypothesis in a dictionary and formulate a definition
of the term research hypothesis.

(b) How does a research hypothesis differ from the statistical hypothesis formulated for
statistical tests, such as H0 : µ = 0 versus H0 : µ 6= 0.

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

Four shirts will be used for each of the chemicals. First, the chemicals are applied to the
shirts, which are then subjected to simulated wear and washing in a simulation machine.
The chemicals will not contaminate one another if they are placed in the same washing
machine during the test. The machine can hold one to four shirts in a single 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. The comparisons among the chemicals can be affected by (a) the natural variation
from shirt to shirt; (b) measurement errors; (c) variation in the application of the durable
press treatment; and (d) variation in the run of the simulation of wear and washing by the
simulation machine.

a) Identify the factors in this experiment. Indicate whether any of the factors is a nuisance
factor.

b) Identify the treatments for each factor in the experiment.

c) Briefly describe how you will conduct this experiment in order to account for all
sources of variation in the experiment. If blocking is necessary indicate what factor
you consider to be the blocking factor and why. Indicate the advantages of your pro-
posed method.

3. An experiment was performed to investigate the effectiveness of five insulating materials.
Four samples of each material were tested at an elevated voltage level to accelerate the time
to failure. The failure times, in minutes, are shown below:

Material Failure Time (minutes)
1 110 157 194 178
2 1 2 4 18
3 880 1256 5276 4355
4 495 7040 5307 10,050
5 7 5 29 2

a) Do all five materials have the same effect on mean failure time?

b) Plot the residuals from the ANOVA versus the predicted response. Construct a normal
probability plot of the residuals. What information is conveyed by these plots?
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c) Based on your answer to part (a) conduct another analysis of the failure time data and
draw appropriate conclusions.

4. The response time in milliseconds was determined for three different types of circuits that
could be used in an automatic valve shutoff mechanism. The results from a completely
randomized experiment are shown in the following table:

Circuit
Type Response Time

1 9 12 10 8 15
2 20 21 23 17 30
3 6 5 8 16 7

a) Write the linear statistical model for this study and explain the model components.
State the assumptions necessary for an analysis of variance of the data.

b) Write the normal equations for the data. Solve the normal equations under the usual
constraint (

∑3
i=1 τ̂i = 0). Estimate τ1 − τ2.

c) Solve the normal equations in (a) using the constraint τ̂3 = 0. Are the estimators the
same as in (a) ? Why ? Now estimate τ1 − τ2 and compare your answer with that for
(a). What statement can you make about estimating this linear combination of τi?

d) Estimate µ+ τ1 + τ2, 2τ1 − τ2 − τ3, µ+ τ1 and µ4 − µ5 using the two solutions to the
normal equations. Compare the results obtained in each case. What statement can you
make about the linear combinations you have estimated?

e) Compute the variance of the observations under each treatment and use the values to
estimate the error variance.

f) If you were the design engineer and you wished to minimize the response time, which
circuit type would you select? Explain.
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