The machine example

Four different machinesM,,M, M, and M,are being considered for the

assembling of a particular product. It was decided that six different operators
would be used in an experiment to compare the machines. The response is the
amount of time required to assemble a product. The operation of the machines
requires physical dexterity, and it was anticipated that there would be a
difference among the operators in the speed with which they operated the
machines. This difference causes undesired variability in the measured response
which would be of interest to eliminate. Therefore, it was decided to perform
the experiment as a randomized block design, with operators as blocks. The
experiments will now be randomized within blocks. The observed data are given
below:

Machines
Operators M, M, M, M,
1 42.5 39.8 40.2 41.3
2 39.3 40.1 40.5 42.2
3 39.6 40.5 41.3 43.5
4 39.9 42.3 43.4 44.2
5 42.9 42.5 44.9 45.9
6 43.6 43.1 45.1 42.3
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Coefficients:
Estimate Std. Error t wvalue Pr(>|t])

Machine M1 41.3000 0.7413 55.72 <2e-16 ***
Machine M2 41.3833 0.7413 55.83 <2e-16 ***
Machine M3 42.5667 0.7413 57.42 <2e-16 ***
Machine M4 43.2333 0.7413 58.33 <2e-16 ***

'Df Sum Sq Mean Sq F wvalue Pr(>F)
Machines 3 15.925 5.3082 1.6101 0.2166
Residuals 20 65.935 3.2968

Boxplot operators
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Coefficients:
Estimate Std. Error t wvalue Pr(>|t])

Operator ol 40.9500 . 1432 55.10 <2e-16 ***
Operator o2 40.5250 . 1432 54.52 <2e-16 ***
Operator o3 41.2250 . 1432 55 .47 <2e-16 ***
Operator o4 42.4500 . 7432 57.12 <2e~16 ***
Operator o5 44.0500 . 7432 59.27 <2e~16 **%*
Operator o6 43.5250 . 7432 58.56 £2e—=16 #&*
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~ Df Sum Sg Mean Sqg F value Pr (>F)
Machine 3 15.925 5.3082 3.3388 0.047904 ~*
Operator 5 42.087 8.4174 5.2944 0.005328 **
Residuals 15 23.848 1.5899
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Normal Q-Q Plot
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