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Ordered dependent (class) variables are ordinarily modeled by Pearson 

correlation
1
 (r) in univariable applications with one ordered independent 

variable (attribute), and by multiple regression analysis (MRA) in mul-

tivariable applications involving more than one attribute. Prior research 

demonstrated the use of ODA to maximize predictive accuracy of r and 

MRA models.
2-6

 The present paper demonstrates the use of novometrics, 

the maximum-accuracy alternative to r and MRA.
6-10

 
 

 

The use of novometrics to evaluate relationships 

in designs reflexively analyzed by r or MRA is 

demonstrated for 2,198 patients who received 

care in an ER and returned a mailed satisfaction 

survey.
11

 Patient ratings of their experience with 

the doctor, and overall satisfaction with care re-

ceived in the ER, were made using ordered (cat-

egorical ordinal)
 
Likert scales: 1=very poor, 2= 

poor, 3=fair, 4= good, 5=very good (Table 1). 

Table 1: Descriptive Summary of Variables 

Variable N Mean SD 

Waiting Time 2,148 3.68 1.23 

Courtesy 2,154 4.42 0.86 

Problem Focus 2,155 4.37 0.94 

Concern for Comfort 2,142 4.29 0.94 

Explained Treatment 2,119 4.24 0.99 

Explained Illness/Injury 2,113 4.17 1.04 

Overall Satisfaction 2,198 4.09 1.15 

 Statistical power analysis
6
 indicated that 

N>32 observations should be classified into all 

model strata to attain 90% power to detect a 

moderate effect with a generalized exploratory 

p<0.05. All rating categories of all variables sur-

passed this criterion, so four satisfaction class 

dummy variables were constructed (i.e., 1 vs. 2-

5; 1-2 vs. 3-5; 1-3 vs. 4-5; and 1-4 vs. 5).
6,7

 

Univariable (Bivariate) Analyses 

 Exposition first contrasts findings by r 

and novometrics in univariable analyses of satis-

faction (treated as being the dependent or class 

variable) and each separate dimension of rated 

physician behavior (treated as the independent 

variable or attribute). Novometric models were 

constrained to identify effects having the same 

ESS in training and LOO analysis, in an effort 

to identify cross-generalizable models.
6
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Courtesy 

The r model accounted for 40.80% of 

the variance in overall satisfaction as a positive 

function of rated physician courtesy (r=0.639, 

p<0.0001). Regression models with R
2
 values of 

comparable (and higher) magnitude have been 

observed to primarily accurately predict data of 

observations scoring at or near the sample mean 

on the dependent (class) variable, and this effect 

is increasingly pronounced as the domain of the 

dependent variable increases.
2,6

 Table 2 is the 

confusion matrix for this model applied to the 

data (20% sensitivity is expected by chance for 

each actual satisfaction level). As seen, r most 

accurately classified patients rating satisfaction 

nearest the sample mean (4.09). The model also 

accurately predicted satisfaction ratings of 3 and 

5, bordering the mean. Outlying negative satis-

faction ratings (1 and 2) were perfectly misclas-

sified. For this model the training ESS=17.66 (a 

relatively weak effect), and D= 23.31. 

Table 2: Confusion Matrix for r Model: 

Courtesy Rating 

                     Predicted Satisfaction 

Actual 1 2 3 4 5  

1 0 0 86 28 2 0.00% 

2 0 0 61 48 2 0.00% 

3 0 0 94 121 17 40.52% 

4 0 0 95 492 75 74.32% 

5 0 0 37 416 572 55.80% 

The globally optimal (GO) novometric 

model was: if courtesy rating<3 then predict 

satisfaction=1; otherwise predict satisfaction>1 

(p<0.0001): ESS=55.09 (a relatively strong 

effect), D=1.63. The r model is thus 23.31/1.63 

=14.3-times further away from a theoretically 

ideal model versus the novometric model, in this 

application.
6
 Table 3 is the confusion matrix for 

this model applied to the data (50% sensitivity is 

expected by chance for each actual satisfaction 

class category). 

Table 3: Confusion Matrix for Novometric 

Model: Courtesy Rating<3 

                               Predicted Satisfaction 

                                         1           >1 

                 Actual     1    214            31    87.35% 

         Satisfaction   >1    630      1,323    67.74% 

 Using novometric analysis a statistically 

significant, cross-generalizable, relatively strong 

effect emerged: 87.35% (approximately 8 in 9) 

patients rating physician courtesy as fair (3) or 

worse rated their overall satisfaction as very 

poor (1), compared to 100%-67.74% or 32.26% 

(1 in 3) patients rating physician courtesy as 

good (4) or very good (5). 

Problem-Solving Orientation 

The r model accounted for 47.52% of 

the variance in overall satisfaction as a positive 

function of rated physician problem-solving 

orientation (r=0.689, p<0.0001). Table 4 gives 

the confusion matrix for this model applied to 

the data. As seen, r most accurately classified 

patients rating satisfaction near the sample 

mean. Outlying negative satisfaction ratings (1-

3) were classified at near (better or worse than) 

chance levels. For this model the training ESS= 

26.77 (a moderate effect), and D=13.68. 

Table 4: Confusion Matrix for r Model: 

Problem-Solving Orientation Rating 

                     Predicted Satisfaction 

Actual 1 2 3 4 5  

1 30 24 21 20   10 28.57% 

2 5 15 35 42   15 13.39% 

3 5 4 54 120   48 23.38% 

4 1 3 36 356 272 53.29% 

5 0 0 3 117 918 88.44% 

The GO novometric model was: if prob-

lem-solving orientation rating<3 then predict 

satisfaction=1; otherwise predict satisfaction>1 

(p<0.0001): ESS=68.44 (a relatively strong 
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effect), D=0.93. The r model is thus 13.68/0.93 

=14.7-times further away from a theoretically 

ideal model versus the novometric model, in this 

application. Table 5 gives the training confusion 

matrix for this model. 

Table 5: Confusion Matrix for Novometric 

Model: Problem-Solving Orientation Rating<3 

                               Predicted Satisfaction 

                                         1           >1 

                 Actual     1    101            30    77.10% 

         Satisfaction   >1    179      1,888    91.34% 

Using novometric analysis a statistically 

significant, cross-generalizable, relatively strong 

effect emerged: 77.10% (3 in 4) patients rating 

physician problem-solving orientation as fair (3) 

or worse rated their overall satisfaction as very 

poor (1), compared to 8.66% (1 in 12) patients 

rating physician problem-solving orientation as 

good (4) or very good (5). 

Concern for Patient Comfort 

The r model accounted for 52.79% of 

the variance in overall satisfaction as a positive 

function of rated physician concern for patient 

comfort (r=0.727, p<0.0001). Table 6 gives the 

confusion matrix for this model. 

Table 6: Confusion Matrix for r Model: 

Concern for Patient Comfort Rating 

                     Predicted Satisfaction 

Actual 1 2 3 4 5  

1 46 20 18 15    8 42.99% 

2 9 19 27 44   10 17.43% 

3 7 12 64 111   39 27.47% 

4 2 3 36 369 258 55.24% 

5 0 1 6 95 936 90.17% 

Again r most accurately classified pa-

tients rating satisfaction near the sample mean. 

Neutral (3) and negative (2) satisfaction ratings 

were classified at near (or worse) chance levels. 

The model was uncharacteristically accurate in 

classifying very dissatisfied patients. Overall, 

training ESS=33.32 (moderate effect), D=10.01. 

The GO novometric model was: if con-

cern for patient comfort rating<3 then predict 

satisfaction=1; otherwise predict satisfaction>1 

(p<0.0001): ESS=72.52 (relatively strong ef-

fect), D=0.76. The r model is 13.2-times further 

away from a theoretically ideal model than the 

novometric model, in this application. Table 7 

gives the confusion matrix for this model. 

Table 7: Confusion Matrix for Novometric 

Model: Concern for Patient Comfort Rating<3 

                               Predicted Satisfaction 

                                         1           >1 

                 Actual     1    108            23    82.44% 

         Satisfaction   >1    205      1,862    90.08% 

Using novometric analysis a statistically 

significant, cross-generalizable, relatively strong 

effect emerged: 82.44% (7 in 8) patients rating 

physician concern for patient comfort as fair or 

worse rated overall satisfaction as very poor, 

compared to 9.92% (1 in 11) patients rating 

concern for comfort as good or very good. 

Explanation of Treatment 

The r model accounted for 50.51% of 

the variance in overall satisfaction as a positive 

function of rated physician explanation of pa-

tient treatment/procedure (r=0.711, p<0.0001). 

Table 8 is the confusion matrix for this model. 

Table 8: Confusion Matrix for r Model: 

Explanation of Treatment Rating 

                     Predicted Satisfaction 

Actual 1 2 3 4   5  

1 43 23 15 12    7 43.00% 

2 6 14 43 34    8 13.33% 

3 5 18 66 108   34 28.57% 

4 2 2 78 378 209 56.50% 

5 0 0 13 161 863 83.22% 
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Findings for r for this attribute parallel 

findings for r obtained for physician concern for 

patient treatment (Table 6). Here, training ESS= 

31.16 (a moderate effect), and D=11.05. 

The GO novometric model was: if expla-

nation of patient treatment/procedure<3 then 

predict satisfaction=1; otherwise predict satis-

faction>1 (p<0.0001): ESS=72.34 (a relatively 

strong effect), D=0.76. The r model is 11.05/ 

0.76=14.5-times further from a theoretically 

ideal model than is the novometric model, in 

this application. Table 9 gives the confusion 

matrix for this model applied to the data. 

Table 9: Confusion Matrix for Novometric 

Model: Explanation of Treatment Rating<3 

                               Predicted Satisfaction 

                                         1           >1 

                 Actual     1    112            19    85.50% 

         Satisfaction   >1    272      1,795    86.84% 

Using novometric analysis a statistically 

significant, cross-generalizable, relatively strong 

effect emerged: 85.50% (17 in 20) patients that 

rated physician concern for patient comfort as 

fair (3) or worse rated their overall satisfaction 

as very poor (1), compared to 13.16% (1 in 8) 

patients rating physician concern for patient 

comfort as good (4) or very good (5). 

Explanation of Illness/Injury 

The r model accounted for 51.42% of 

the variance in overall satisfaction as a positive 

function of rated physician explanation of pa-

tient illness/injury (r=0.717, p<0.0001). Table 

10 gives the confusion matrix for this model. 

As seen, r most accurately classified 

patients rating satisfaction nearest the sample 

mean (4.17). Neutral (3) and negative (2) satis-

faction ratings were classified at marginally 

greater than a chance level—and all of the least 

favorable ratings (1) were misclassified. For this 

model training ESS=25.31 (a moderate effect), 

and D=14.76. 

Table 10: Confusion Matrix for r Model: 

Explanation of Illness/Injury Rating 

                     Predicted Satisfaction 

Actual 1 2 3 4   5  

1 0 72 14 9    4 0.00% 

2 0 34 34 31    8 31.78% 

3 0 28 72 104   27 31.17% 

4 0 12 79 361 203 55.11% 

5 0 4 25 144 854 83.15% 

The GO novometric model was: if expla-

nation of patient illness/injury<3 then predict 

satisfaction<2; otherwise predict satisfaction>2 

(p<0.0001): ESS=65.46 (a relatively strong 

effect), D=1.06. The r model is 14.76/1.06= 

13.9-times further from a theoretically ideal 

model than is the novometric model, in this ap-

plication. Table 11 gives the confusion matrix 

for this model applied to the data. 

Table 11: Confusion Matrix for Novometric 

Model: Explanation of Illness/Injury Rating<3 

                               Predicted Satisfaction 

                                        <2           >2 

                 Actual   <2    193            52    78.78% 

         Satisfaction   >2    260      1,693    86.69% 

Using novometric analysis a statistically 

significant, cross-generalizable, relatively strong 

effect emerged: 78.78% (7 in 9) patients that 

rated physician concern for patient comfort as 

fair (3) or worse rated their overall satisfaction 

as poor (2) or very poor (1), versus 13.31% (1 in 

8) patients rating physician concern for patient 

comfort as good (4) or very good (5). 

Wait Time to See Physician 

Finally, the r model explained 50.03% of 

the variance in overall satisfaction as a positive 

function of satisfaction with time spent waiting 

to be seen by the physician
12-14

 (r=0.707, p< 

0.0001). Table 12 presents the confusion matrix 

for this model. 



Optimal Data Analysis     Copyright 2016 by Optimal Data Analysis, LLC 

Vol. 5 (September 20, 2016), 86-93  2155-0182/10/$3.00 

 

 

 

90 
 

Table 12: Confusion Matrix for r Model: 

Wait Time to See Physician 

                     Predicted Satisfaction 

Actual 1 2 3 4   5  

1 0 45 45 6    5 0.00% 

2 0 12 59 31    8 10.91% 

3 0 12 112 82   24 48.70% 

4 0 2 112 354 182 54.46% 

5 0 3 30 178 811 79.35% 

As seen, r most accurately classified 

patients rating satisfaction at/near the mean. 

Negative (1 and 2) satisfaction ratings were 

classified at worse than a chance level, and all 

least favorable ratings (1) were misclassified. 

For this model training ESS=23.36 (relatively 

weak effect), and D=16.41. 

The GO novometric model was: if wait 

time rating<2 then predict satisfaction=1; other-

wise predict satisfaction>1 (p<0.0001): ESS= 

72.94 (a relatively strong effect), and D=0.74. 

The r model is 16.41/0.74= 22.19-times further 

from a theoretically ideal model compared to 

the novometric model, in this application. Table 

13 gives the confusion matrix for this model 

applied to the data. 

Table 13: Confusion Matrix for Novometric 

Model: Explanation of Illness/Injury Rating<2 

                               Predicted Satisfaction 

                                          1           >1 

                 Actual      1      105            26    80.15% 

         Satisfaction    >1    149      1,918     92.79% 

Using novometric analysis a statistically 

significant, cross-generalizable, relatively strong 

effect emerged: 72.94% (5 in 7) patients that 

rated satisfaction with wait time as poor (2) or 

worse rated their overall satisfaction as very 

poor (1), compared to 7.21% (1 in 14) patients 

rating physician concern for patient comfort as 

fair or better (3-5). 

 

 

Multivariable Analyses 

Exposition next compares findings of 

MRA and novometrics in multivariable analysis 

of satisfaction (the dependent or class variable) 

and all six rated physician dimensions. 

MRA Model of Patient Satisfaction 

For MRA analysis satisfaction score was 

treated as the dependent measure and modeled 

as a simple main-effects function of the set of 

six independent variables.
15

 The model (coeffi-

cients are reported to two significant digits to 

the right of the decimal) was: satisfaction score 

= -0.23 + 0.26* courtesy rating + 0.077 * prob-

lem-solving orientation rating + 0.24 * concern 

for patient comfort rating + 0.19 * explanation 

of treatment/procedure rating + 0.11 * explana-

tion of illness/injury rating + 0.17 * satisfaction 

with wait time. The model explained 27.90% of 

the variance in satisfaction ratings: F(6,2035)= 

676.2, p<0.0001. Thus, a statistically significant 

linear association of moderate strength (not ac-

counting for chance) exists between satisfaction 

ratings and (elements of) the set of six ratings of 

the physician. The source table for individual 

independent variables in the MRA model (sum 

of squares for variable-entered-last method
15

) 

revealed a generalized statistically significant 

positive association with physician problem-

solving orientation (p<0.019), and experiment-

wise statistically significant positive associa-

tions for the other five rated dimensions (p’s< 

0.0005). Table 14 presents the confusion matrix 

for this model. 

Table 14: Confusion Matrix for MRA Model 

                     Predicted Satisfaction 

Actual 1 2 3 4   5  

1 33 31 21 8    0 35.48% 

2 4 29 46 19    2 29.00% 

3 2 16 119 72   13 53.60% 

4 0 3 83 433 116 68.19% 

5 0 1 6 200 785 79.13% 
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As seen, r most accurately classified 

patients rating satisfaction nearest the mean. All 

of the satisfaction ratings (1-5) were classified 

at least marginally better than a chance level. 

For this model training ESS=41.35 (a moderate 

effect), and D=7.09. 

Novometric Model of Patient Satisfaction 

 

In novometric analysis the four satisfac-

tion dummy codes were treated as class varia-

bles and the other study variables were treated 

as attributes.
6
 Novometric models were con-

strained to identify effects having the same ESS 

in training and LOO analysis, in an effort to 

identify cross-generalizable models. The best 

(lowest D) four-, three- and two-strata models 

all emerged for a satisfaction dummy code (cut-

point) of one. The best four-strata model 

(D=1.07) is presented in Figure 1. 

Figure 1: Best Four-Strata Model 

Waiting Time to

See Physician

Physician

Courtesy

41.34% Very

Dissatisfied

11.72% Very

Dissatisfied

2.50% Very

Dissatisfied

0.42% Very

Dissatisfied

p<0.0001

p<0.003 p<0.0001 Very

Poor
Poor

Fair or

  Better

N=128 N=160 N=1,656

N=254

     Poor or

Very Poor

Fair or

 Better

 

An interesting geometry underlies the 

model: for patients rating wait time as fair or 

better the model parses rated physician courtesy 

into three strata based on cut-points of very 

poor, poor, and fair or better. Patient dissatisfac-

tion diminishes monotonically across model 

endpoints, moving from left- to right. Table 15 

presents the confusion matrix for this model. 

Table 15: Confusion Matrix: Four-Strata Model  

                               Predicted Satisfaction 

                                          1           >1 

                 Actual      1      120            11    91.60% 

         Satisfaction    >1     262      1,805     87.32% 

The CTA model accurately predicted 9 

in 10 extremely dissatisfied patients, and 8 in 9 

patients who were less dissatisfied (i.e., who 

were more satisfied). The ESS of 78.93 shows 

this is a strong effect.
6 

The best three-strata model identified (D 

=1.01) is presented in Figure 2. 

Figure 2: Best Three-Strata Model 

Physician

Concern for

Patient Comfort

Physician

Explanation of

Illness/Injury

34.50% Very

Dissatisfied

7.41% Very

Dissatisfied

0.53% Very

Dissatisfied

p<0.0001

p<0.0001

N=189 N=1,696

N=313

     Fair or

    Worse

Good or

 Very Good

     Fair or

    Worse

Good or

 Very Good

 

The three- and four-strata models use 

different attribute sets—they have no attributes 

in common. Table 16 gives the confusion matrix 

for the three-strata model applied to the data. 

The CTA model accurately predicted 19 in 20 

extremely dissatisfied patients, and 7 in 8 of the 

less dissatisfied patients. The ESS=74.75 indi-
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cates this effect is relatively strong, close to the 

criterion of ESS>75 that is used to define a 

strong effect.
6
 

Table 16: Confusion Matrix: 

Three-Strata Model  

                               Predicted Satisfaction 

                                          1           >1 

                 Actual      1      122              9    93.13% 

         Satisfaction    >1     380      1,687     81.62% 

Finally, the best, and globally-optimal 

two-strata model identified in this application 

(D=0.76) is illustrated in Figure 3. 

Figure 3: Two-Strata, Globally Optimal Model 

Physician

Concern for

Patient Comfort

34.50% Very

Dissatisfied

1.22% Very

Dissatisfied

p<0.0001

N=313

     Fair or

    Worse

Good or

 Very Good

 N=1,885

 

While the left-hand branches of the two 

models are identical, the right-hand branch of 

the two-strata model (Figure 3) integrates the 

patients disaggregated by the three-strata model 

(Figure 2) on the basis of the rating of physician 

explanation of the patient’s illness/injury. Com-

pared to the three-strata model, the two-strata 

model has greater parsimony (it is 33.33% less 

complex than the three-strata model); has 2.57% 

lower predictive accuracy; and is 45.5% more 

efficient (efficiency is defined as the ESS-to-

strata ratio
6
). The D statistic integrates the di-

mensions of predictive accuracy and parsimony, 

thereby eliminating ambiguity concerning iden-

tification of the model that is closest (i.e., most 

similar) to a theoretically ideal model—physi-

cally located at the maximum orthogonal inter-

section of the accuracy and parsimony dimen-

sions.
6
 For the two-strata model, the D statistic 

indicates that a minimum of 0.76 additional 

attributes having an equivalent ESS are needed 

to achieve an ideal (i.e., maximum accuracy, 

maximum parsimony) model for this applica-

tion. The confusion matrix for this two-strata 

model applied to the data is given in Table 17. 

Table 17: Confusion Matrix: Globally-Optimal 

Two-Strata Model  

                               Predicted Satisfaction 

                                          1           >1 

                 Actual      1      108            23    82.44% 

         Satisfaction    >1     205      1,862     90.08% 

The CTA model accurately predicted 7 

in 8 extremely dissatisfied patients, and 9 in 10 

patients who were less dissatisfied. The ESS of 

72.52 indicates this is a relatively strong effect. 

Comments 

The novometric alternative to r and 

MRA models in designs featuring an ordered 

class variable has now been investigated in a 

handful of studies. It has been learned that in 

applications in which r or MRA find nothing, 

novometric analysis unveils numerous effects—

and some yield moderate effect strength and are 

cross-generalizable. It has been learned that in 

designs for which MRA finds effects assessed 

by R
2
 (and models that yield an ESS near zero), 

simple optimal models achieve greater effect 

strength, and clarify how the geometry of the 

application renders higher dimensional solutions 

statistically untenable when considered from a 

geometric and statistical power perspective. The 

initial exploration has been fruitful, and almost 

everything that still remains to be discovered in 

this realm looms just ahead, a little bit further 

down this mesmerizing path. Happy trails to 

you, until we meet again… 
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