
CS5014 Fall 2015 Homework Assignment 12
Due via email by 9:00 on Tuesday, November 17

65 Points

1. [15 points] Navidi Chapter 9, Supplementary Exercise 2

Consider the effect of gypsum on electric conductivity (in dS m−1) of soil. Two types of soil
were each treated with three different amounts of gypsum, with two replicates for each soil-gypsum
combination. The data are presented in the following table.

Soil Type
Gypsum(g/kg) las Animas Madera

0.00 1.52 1.05 1.01 0.92
0.27 1.49 0.91 1.12 0.92
0.46 0.99 0.92 0.88 0.92

a. Is there convincing evidence of an interaction between the amount of gypsum and soil type?

b. Can you conclude that the conductivity differs among soil types?

c. Can you conclude that the conductivity differs with the amount of gypsum added?
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2 [15 points] Navidi Chapter 9, Supplementary Exercise 6

The data in the following table present the ratio of the weights of Fe2O3 and CaO for SFCA
specimens with several different weight percents of Al2O3 C4S3.

Al3O3(%) C4S3 Fe2O3/CaO

1.0 Low(3%–6%) 7.25 6.92 6.60 6.31
1.0 Medium(7%–10%) 6.03 5.78 5.54 5.31
1.0 High(11%–14%) 5.10 4.90 4.71 4.53
5.0 Low(3%–6%) 6.92 6.59 6.29 6.01
5.0 Medium(7%–10%) 5.74 5.26 5.04 4.84
5.0 High(11%–14%) 4.84 4.65 4.47 4.29
10.0 Low(3%–6%) 6.50 6.18 5.89 5.63
10.0 Medium(7%–10%) 5.37 5.14 4.92 4.71
10.0 High(11%–14%) 4.52 4.33 4.16 3.99

a. Estimate all main effects and interactions.

b. Construct and ANOVA table. You may give ranges for the P-values.

c. Do the data indicate that there are any interactions between the weight percent of Al2O3 and
the weight percent of C4S3? Explain.

d. Do the data convincingly demonstrate that the Fe2O3/CaO ratio depends on the weight
percent of Al2O3?

e. Do the data convincingly demonstrate that the Fe2O3/CaO ratio depends on the weight
percent of C4S3?
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3 [15 points] Navidi Chapter 9, Supplementary Exercise 8

Consider a 24−1 factorial experiment to investigate the effects of four factors of the yield of a
process that manufactures printed circuit boards. The factors were: A: transistor power output
(upper or lower specification limit), B: transistor mounting approach (screwed or soldered), C: tran-
sistor heat sink type (current or alternative configuration), and D: screw position on the frequency
adjustor (one-half or two turns). The results are presented in the following table. The yield is a
percent of a theoretical maximum.

A B C D Yield

-1 -1 -1 -1 79.8
1 -1 -1 1 69.0

-1 1 -1 1 72.3
1 1 -1 -1 71.2

-1 -1 1 1 91.3
1 -1 1 -1 95.4

-1 1 1 -1 92.7
1 1 1 1 91.5

a. Estimate the main effects of each of the four factors.

b. Assuming all interactions to be negligible, pool the sums of squares for ineraction to use in
place of an error sum of squares.

c. Which of the four factors, if any, can you conclude to affect the yield? What is the P -value
of the relevent test?
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4 [20 points] Consider the following data.

Prob Size Type T1 T2

1 small smooth 5 7
2 large nonsmooth 19 13
3 small smooth 6 7
4 small nonsmooth 6 7
5 small nonsmooth 5 7
6 large smooth 12 14
7 small nonsmooth 7 6
8 small nonsmooth 7 8
9 small nonsmooth 5 7
10 large smooth 13 12
11 large smooth 14 10
12 small nonsmooth 6 7
13 large smooth 12 12
14 small smooth 6 6
15 large smooth 10 13
16 small smooth 7 5
17 large smooth 11 10
18 large nonsmooth 18 13
19 large nonsmooth 17 15
20 small smooth 6 6
21 large nonsmooth 18 14
22 small smooth 7 6
23 large nonsmooth 19 12
24 large nonsmooth 17 13

These data show time in seconds for execution of two programs (T1 and T2) on each of 24 test
problems. The data file also record problem size (small or large) and problem type (smooth or
nonsmooth) for each problem.

(a) Ignore problem size and type for the moment, i.e., treat each column as one big sample of size
24 for each program. Test to see if one program is significantly faster than the other when
the data are viewed in this way. Is there a significant difference at a 90% confidence level?
At a 95% confidence level?

(b) Now group the data into four classes according to the four possible combinations of problem
size and type. Is there a statistically significant difference in the performance of the programs
on any of the four classes, when each is viewed as a separate sample?
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(c) If we treat the data as coming from a ‘22r’ factorial design with replications, we can compute
a model for the performance of each program as a function of the two factors, problem size
and type. Do this. Compute the effects, the allocation of variation, and 90% confidence
intervals for the effects.
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