
STAT 496, Spring 2009 
Homework Assignment #6, Due by Friday, March 27 

 
1. A foundry produces ingots of an aluminum alloy. The quality characteristic of interest 

is the grain size of the alloy. During the production process the molten alloy is stirred. 
An experiment is performed to see the effects of stirring rate on the grain size. The 
molten alloy is stirred in one of four furnaces. Since each furnace has its own 
operating characteristics, the furnaces will be used as blocks. Each stirring rate will 
be used (in a random order) in each furnace. The data from the experiment, run as a 
randomized complete block design, appears below. A partial analysis of variance 
table is also given. 
 

  
  

 Stirring Rate (rpm) 
 5 10 15 20 
Furnace 1  8 10 13 15 
Furnace 2  3 4 8 9 
Furnace 3  3 6 7 12 
Furnace 4  6 4 10 10 

 
 
 
 

a) Compute means and variances for each stirring rate. Comment on the apparent 
effects of stirring rate on the mean grain size of aluminum ingots. Also comment 
on the amount of variation within each stirring rate. 

b) Compute a value of the SSrepError for this experiment. 
c) Compute means for each furnace (block). Use these to compute a value of SSBlock. 

How many degrees of freedom are associated with this sum of squares? 
d) Compute the SSError, associated degrees of freedom and the LSD (use t=3) for 

comparing the stirring rate means. 
e) According to the LSD in d), what stirring rate means are statistically different 

from what other stirring rate means? What stirring rate means are statistically 
similar to what other stirring rate means? 

f) Instead of using the LSD to look at differences among the stirring rates we can 
also look at the linear relationship between grain size and stirring rate using 
regression. Use a coded stirring rate and compute the slope and intercept for the 
simple linear regression of grain size on coded stirring rate. 

g) What proportion of the total variation in grain size is explained by the linear 
relationship with coded stirring rate? 

h) Is the simple linear relationship statistically significant? Report the appropriate 
value of the t-test statistic. Be careful.  Remember that this is an experiment that 
used a block design. 

i) Give the simple linear regression equation that relates grain size directly to 
stirring rate (no coding). 

j) Use the equation in (i) to predict the grain size for ingots using a stirring rate of 
17.5. 

k) Your prediction in (j) will be appropriate for the average grain size from the four 
furnaces.  How would you change the prediction equation, and your prediction for 
a stirring rate of 17.5 rpm, so that it would predict more accurately the grain size 
for alloys produced in Furnace 1? 
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2. An experiment is performed on a new piece of drilling equipment. The response 
variable is the rate of advance of the drill. The four factors (each with a low (–1) and 
high (+1) level) are A: Load on the drill, B: Flow Rate through the drill, C: Speed of 
Rotation, D: Amount of Mud used in drilling. The experiment is run as a single 
replicate full factorial with five center points. The data are given below. Refer to the 
JMP output for drilling experiment. 
 

Trmt. Comb.  A B C D Rate 
1  –1 –1 –1 –1 1.68 
a  +1 –1 –1 –1 1.98 
b  –1 +1 –1 –1 3.28 
ab  +1 +1 –1 –1 3.44 
c  –1 –1 +1 –1 4.98 
ac  +1 –1 +1 –1 5.70 
bc  –1 +1 +1 –1 9.93 
abc  +1 +1 +1 –1 9.07 
d  –1 –1 –1 +1 2.07 
ad  +1 –1 –1 +1 2.44 
bd  –1 +1 –1 +1 4.09 
abd  +1 +1 –1 +1 4.53 
cd  –1 –1 +1 +1 7.77 
acd  +1 –1 +1 +1 8.43 
bcd  –1 +1 +1 +1 11.75 
abcd  +1 +1 +1 +1 12.30 
 0 0 0 0 4.54 
 0 0 0 0 5.18 
 0 0 0 0 5.53 
 0 0 0 0 4.49 
 0 0 0 0 5.01 

  
a) Give the overall sample mean and the estimated full effects for the factorial 

portion of the experiment. 
b) Give the mean at the center points and the sample variance at the center points. 
c) Use the sample variance at the center points to determine the critical effect size 

for a factor or interaction term. Use t=3.  
d) Use the critical effect size in c) to determine which factors and/or interactions are 

statistically significant. 
e) Is there significant curvature? Support your answer by performing the appropriate 

test of hypothesis. 
f) According to JMP, which factors and/or interactions are statistically significant? 

Use t=3. 
g) Why are the results in d) different from the results in f)? 
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JMP Output for Drilling Experiment 
 
Parameter Estimates 
 
Term 

  Estimated 
Half Effect 

Intercept  5.84 
A  0.14625 
B  1.45875 
A*B  -0.11000 
C  2.90125 
A*C  -0.01250 
B*C  0.56250 
A*B*C  -0.10125 
D  0.83250 
A*D  0.10625 
B*D  0.03625 
A*B*D  0.10500 
C*D  0.48875 
A*C*D  0.06250 
B*C*D  -0.09500 
A*B*C*D  0.07875 
 
 
Center Points 
  
Mean 4.95
Std Dev 0.4394883
N 5
 
Response: Rate of Advance of the Drill 
 
Summary of Fit: Full Factorial in A, B, C, and D 
  
Rsquare 0.980451
RSquare Adj 0.921802
Root Mean Square Error 0.870646
Mean of Response 5.628095
Observations (or Sum Wgts) 21
 
Analysis of Variance 
Source DF Sum of Squares Mean Square F Ratio 
Model 15 190.08320 12.6722 16.7174 
Error 5 3.79012 0.7580 Prob > F 
C. Total 20 193.87332 0.0028 
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Lack Of Fit 
Source DF Sum of Squares Mean Square F Ratio 
Lack Of Fit 1 3.0175238 3.01752 15.6227 
Pure Error 4 0.7726000 0.19315 Prob > F 
Total Error 5 3.7901238 0.0168 
  Max RSq 
  0.9960 
 
Parameter Estimates 
Term   Estimate Std Error t Ratio Prob>|t| 
Intercept  5.6280952 0.189991 29.62 <.0001 
A  0.14625 0.217662 0.67 0.5314 
B  1.45875 0.217662 6.70 0.0011 
A*B  -0.11 0.217662 -0.51 0.6348 
C  2.90125 0.217662 13.33 <.0001 
A*C  -0.0125 0.217662 -0.06 0.9564 
B*C  0.5625 0.217662 2.58 0.0492 
A*B*C  -0.10125 0.217662 -0.47 0.6614 
D  0.8325 0.217662 3.82 0.0123 
A*D  0.10625 0.217662 0.49 0.6461 
B*D  0.03625 0.217662 0.17 0.8743 
A*B*D  0.105 0.217662 0.48 0.6499 
C*D  0.48875 0.217662 2.25 0.0747 
A*C*D  0.0625 0.217662 0.29 0.7855 
B*C*D  -0.095 0.217662 -0.44 0.6807 
A*B*C*D  0.07875 0.217662 0.36 0.7323 
 
Effect Tests 
Source Nparm DF Sum of Squares F Ratio Prob > F   
A 1 1 0.34222 0.4515 0.5314  
B 1 1 34.04722 44.9157 0.0011  
A*B 1 1 0.19360 0.2554 0.6348  
C 1 1 134.67602 177.6671 <.0001  
A*C 1 1 0.00250 0.0033 0.9564  
B*C 1 1 5.06250 6.6785 0.0492  
A*B*C 1 1 0.16403 0.2164 0.6614  
D 1 1 11.08890 14.6287 0.0123  
A*D 1 1 0.18063 0.2383 0.6461  
B*D 1 1 0.02103 0.0277 0.8743  
A*B*D 1 1 0.17640 0.2327 0.6499  
C*D 1 1 3.82203 5.0421 0.0747  
A*C*D 1 1 0.06250 0.0825 0.7855  
B*C*D 1 1 0.14440 0.1905 0.6807  
A*B*C*D 1 1 0.09922 0.1309 0.7323  
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