
Design and Analysis of Experiments, HW 4

Due Friday, January 30, 4 PM.

Instructions: (Late hw’s/e-mailed hw’s are not accepted.) Be sure to follow the formatting
instructions (see instructions for hw 1 which is posted on course website). In particular, be
sure to put all output/work for a given problem together in one place and include a

copy of all relevant Minitab output - text and graphics - in your hw.

1. Consider the following data from a replicated (n = 2) two-factor experiment with two
levels (“lo” and “hi”) for each factor:

B

lo hi

lo 280, 290 300, 310

A

hi 230, 235 260, 240

i. Write out a regression model for analyzing these data

1. which allows for interaction between factors A and B and

2. where the high and low values of A are coded by x1 = 1 and x1 = −1 and

3. where the high and low values of B are coded by x2 = 1 and x2 = −1 and

ii. Enter the above data into Minitab and create columns x1, x2, and x1x2 and analyze the
data using Stat -> Regression -> Regression. Be sure to include a copy of the
resulting output in your hw.

iii. Using the regression output from part ii, determine if the mean of the response variable
is a function of factors A and B as follows:

1. Is there interaction between A and B? Test at α = 0.05; what do you conclude?

2. Is there a main effect of A? Test at α = 0.05; what do you conclude?

3. Is there a main effect for B? Test at α = 0.05; what do you conclude?

4. What levels - high or low - of A and B should you use to maximize the mean of the
response variable?

2. Read the handout which begins with section 10.1.3: Insuring Against Experimental

Risks and then do the following. Note: Assumption Zero mentioned in the handout is the
name given by the author to the IID Assumption.



i. What are the two insurance policies/procedures the author mentions? What do they
provide protection against?

ii. On page 592 the author states “Whatever their distribution, residuals should be randomly
scattered.” This is horribly vague and imprecise. Aside from being normal what three
assumptions/properties should residuals satisfy/have?

iii. Another abomination on page 592 is the mention of the four-in-one-residual plot, a plot
which has the following flaws:

1. The normality plot doesn’t have a p-value.

2. Only one of the various residuals vs. something plots is provided.

3. The histogram is typically not very informative.

4. The plots are small hence harder to inspect.

iv. The bottom right chart in Figure 10-18 is a run-chart of the residuals. Clearly the
residuals violate the “ID” (Identically Distributed) part of the IID assumption since
there is a clear upward trend in location. Duplicate this plot by

1. entering the data in Table 10-2 into Minitab,

2. using Minitab’s ANOVA procedure to compute the residuals,

3. plotting the residuals using Minitab’s Graph -> Time Series Plot. (This is OK
since the observations in Table 10-2 (and thus the residuals) are in the order they
were acquired.

iv. In order to assess the “I” (Independent) part of the IID assumption, we would need
to inspect a lag plot and do a test of autocorrelation. Do both using the autotest

macro. What do you conclude from the plot and the permutation test concerning
autocorrelation at α = 0.05?

v. When Grant does things right by having someone do the measurements per protocal and
using randomization, what useful information does he discover from the plot of the
residuals vs. fits and then formally verify? This story illustrates the important point
that residual analysis has two purposes:

1. verifying that the model assumptions are adequately met and

2. providing additional insight about the data.

3: See next page...



3: In this problem you will analyze the author’s replicated 22 experiment on page 234
OMITTING THE THIRD REPLICATE, I.E., YOU WILL ONLY USE THE

DATA FROM THE FIRST TWO REPLICATIONS, COLUMNS I AND II. Save
this data as you will use it in problem 4!

i. Compute the main effect of A and B and their interaction effect using the formulas in the
corrected version of Friday’s handout (my versions of formulas 6.1, 6.2, and 6.3 in your
book; see pages 235-236).

ii. Recall that the full regression model corresponding to this experiment is

y = β0 + β1x1 + β2x2 + β3x1x2 + ǫ

in which x1 is -1 for A low and +1 for A high. Likewise for x2 and B. The least squares
estimate of β0 is simply the average of all 8 y values. The least squares estimates of
the remaining coefficients are equal to the corresponding effect estimates divided by 2.
Using this fact verify your calculations in part i by entering the data into Minitab and
using Minitab’s regression routine to estimate the regression coefficients.

4: In this problem you will revisit the data you analyzed in problem 3, namely replications
I and II from the author’s experiment on page 234. Do the following:

i. Duplicate your calculation of the main effect of A and B and their interaction AND
the regression slope estimates using Minitab’s Stat -> DOE -> Factorial routines.
Recall that we used illustrated these routines Monday by analyzing the 24 design as per
the handout (which steps you through the various menus).

ii. Using your Minitab DOE output, determine if the main effect of A, the main effect of B,
and the AB interaction effect are significant at α = 0.05.

iii. Leaving all terms in the model construct an interaction plot for this experiment.


