MIE364 Assignment 1, MINITAB Solutions

Question 1

(a)

Plotting the expected profit for a given mean, the two following graphs were obtained:

No Inspection
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Inspection
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Thus, the means that yield the optimal expected profit are 7.5 for no inspection and 7.05 for inspection (the increments for data points were 0.05 so 7.05 is the closest mean to 7.039, the actual optimal mean)

Question 3
(b)

Two-way ANOVA: Hardness versus Sand, CF 

Source       DF       SS       MS     F      P

Sand          2  106.778  53.3889  6.54  0.018

CF            2   87.111  43.5556  5.33  0.030

Interaction   4    8.889   2.2222  0.27  0.889

Error         9   73.500   8.1667

Total        17  276.278

Based on the p-values, we can reject HAand HB, but fail to reject HAB with α=0.05
(c)
Interactions plot:
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It can be clearly seen that Sand Addition of 30% and Carbon Fiber Addition of 0.5% maximize the hardness.

(d)

Test for Normality:
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It can be seen from this plot that the data points follow the normal line closely and thus the residuals are normally distributed. Thus, the data is from a normal population.

Test for Same Variance:
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It can be seen from these graphs that there is not a lot of consistency between the residuals for various fitted values. The final graph, with both factors, does not show a trend in the form of a straight line. Thus, we can conclude that the data points do not have the same variance.

Test for Independence:
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It can be seen from this plot that the residuals are fairly randomly spread out across the runs. From this we can conclude that the data is independent.
4.

(a)
From the Factorial Analysis in Minitab:
Estimated Effects and Coefficients for C8 (coded units)

Term       Effect    Coef  SE Coef      T      P

Constant           33.813   0.9862  34.28  0.000

A           0.375   0.188   0.9862   0.19  0.854

B           5.625   2.812   0.9862   2.85  0.021

C           8.375   4.188   0.9862   4.25  0.003

A*B        -8.625  -4.313   0.9862  -4.37  0.002

A*C        -3.375  -1.688   0.9862  -1.71  0.125

B*C        -4.625  -2.313   0.9862  -2.34  0.047

A*B*C     -19.375  -9.688   0.9862  -9.82  0.000

S = 3.94493   R-Sq = 94.94%   R-Sq(adj) = 90.52%

Analysis of Variance for C8 (coded units)

Source              DF   Seq SS   Adj SS   Adj MS      F      P

Main Effects         3   407.69   407.69   135.90   8.73  0.007

2-Way Interactions   3   428.69   428.69   142.90   9.18  0.006

3-Way Interactions   1  1501.56  1501.56  1501.56  96.49  0.000

Residual Error       8   124.50   124.50    15.56

  Pure Error         8   124.50   124.50    15.56

Total               15  2462.44

This gives the estimates of the various factors in the Coef column. The variance of the measurement error is 15.56, as seen in the  Pure Error row under Adj MS.
(b)
The standard error estimate is the same for all the coefficients, and is 0.9862, as seen in the SE Coef column.
From the p-values given, based on a 0.05 significance level, we can fail to reject HA, HAC. All the other hypotheses are rejected, meaning the factor levels are in the model. Thus, the model is:
Ŷ = 2.812x2 + 4.188x3 - 4.313x1x2 - 2.313x2x3 - 9.688x1x2x3
(c)
The two-block factorial analysis in Minitab yields the following output:

Factorial Fit: C8 versus Block, A, B, C 

Estimated Effects and Coefficients for C8 (coded units)

Term       Effect    Coef  SE Coef       T      P

Constant           33.813   0.8014   42.19  0.000

Block               1.813   0.8014    2.26  0.058

A           0.375   0.188   0.8014    0.23  0.822

B           5.625   2.812   0.8014    3.51  0.010

C           8.375   4.188   0.8014    5.22  0.001

A*B        -8.625  -4.313   0.8014   -5.38  0.001

A*C        -3.375  -1.688   0.8014   -2.11  0.073

B*C        -4.625  -2.313   0.8014   -2.89  0.023

A*B*C     -19.375  -9.687   0.8014  -12.09  0.000

S = 3.20574   R-Sq = 97.08%   R-Sq(adj) = 93.74%

Analysis of Variance for C8 (coded units)

Source              DF   Seq SS   Adj SS   Adj MS       F      P

Blocks               1    52.56    52.56    52.56    5.11  0.058

Main Effects         3   407.69   407.69   135.90   13.22  0.003

2-Way Interactions   3   428.69   428.69   142.90   13.90  0.002

3-Way Interactions   1  1501.56  1501.56  1501.56  146.11  0.000

Residual Error       7    71.94    71.94    10.28

Total               15  2462.44

Unusual Observations for C8

Obs  StdOrder       C8      Fit  SE Fit  Residual  St Resid

  2         2  18.0000  22.8125  2.4043   -4.8125     -2.27R

 10        10  24.0000  19.1875  2.4043    4.8125      2.27R

R denotes an observation with a large standardized residual.

From here we can see that the p-value for the block effect is 0.058, higher than the 0.05 significance level. Thus, we can conclude that the block effect is not significant in the experiment, failing to reject the null hypothesis. Still, it should be noted that 0.058 is very close to 0.05 and therefore the effect is only marginally insignificant.
Igor Nikiforovski
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