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A five-factor factorial experiment was conducted to assess aspects of 

the manufacturing process that affected product quality.
1
 All factors 

were binary, and each of the 2
5
 = 32 cells in the design had N = 1. The 

findings of analyses using factorial ANOVA versus using reverse 

CTA to identify factors influencing quality are contrasted. 

 

 

The five binary factors included the quantity of 

substance per cycle, time to dissolve, liquid used 

in the process, stir speed, and precipitation time. 

For each of the 32 unique combinations of the 

five binary factors, one ordinal measurement of 

product quality was obtained.
1
 ANOVA was 

unable to explore beyond second-order factors 

due to the small total N. Analysis revealed that 

quantity was the prominent factor, and dissolve 

interacted with higher quantity.
1
 

 The first step of reverse CTA
2,3

 involves 

identifying the factor that most accurately pre-

dicts the quality index, determined using the 

following UniODA
2,4

 or MegaODA
5-7

 software 

syntax: 

 

   OPEN crystal.dat; 

   OUTPUT crystal.out; 

   VARS quantity dissolve liquid stir 

               time quality; 

   CLASS quantity dissolve liquid stir time; 

   ATTRIBUTE quality; 

   MCARLO ITER 25000; 

   GO; 

Only the UniODA model for quantity 

was statistically significant (p < 0.0002), and it 

returned a strong effect (ESS = 75.0): all other 

factors had p > 0.21 and ESS < 38. Illustrated in 

Figure 1, the UniODA model was: if quality < 

113 then predict low quantity; otherwise predict 

high quantity. 

Figure 1: Root Node of Reverse CTA Model 
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As seen, 12 out of 12, or 100% of the 

low quantity batches had quality scores of 123 

or lower: this predictive accuracy cannot be 

improved. And, 16 out of 20, or 80% of high 

quantity batches had quality scores of 124 or 

greater. This effect is statistically significant (p 

< 0.0002) and strong (ESS = 75.0; D = 0.67). 

Because there were only four (all low 

quality) misclassified observations there is 

inadequate statistical power to justify expanding 

the model.
2
 Nevertheless, for exposition a 

second UniODA analysis including only quality 

scores greater than 123 (i.e., the right-hand 

branch in Figure 1, with the misclassifications) 

was run (this was accomplished by adding the 

UniODA or MegaODA software syntax “IN 

quantity>124;GO;” to the code given earlier). 

Only dissolve met the criteria to enter the model 

(p < 0.046, ESS = 60.0): however when dissolve 

was added the resulting less parsimonious three-

strata model was further from a theoretically 

ideal model (ESS = 76.4, D = 0.93) than was the 

two-strata model in Figure 1. 
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