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Imagine a random sample S consisting of a class variable (“dependent 

measure”), one or more attributes (“independent measures”), a weight 

(unit-weighted observations are equally-valued), and a number of 

observations N yielding at least minimally adequate statistical power 

for testing the a priori or post hoc hypothesis that the attributes 

predict the class variable. The null hypothesis is the attributes can’t 

predict the class variable. A statistical model is identified for S that 

optimally (most accurately) predicts the (weighted) class variable on 

the basis of the attributes.
1,2

 This is the first axiom underlying 

novometrics—meaning new (Latin: novo) measurement, and 

connoting a newly discovered theoretically-motivated algorithm that 

explicitly identifies the globally-optimal (GO) statistical model(s) 

underlying S.
3
 Originating from operations research, “optimal” as 

used here denotes explicitly maximized (weighted) classification 

accuracy for S: that is, predicting the class category of (weighted) 

observations in S as accurately as is theoretically possible for S.
4 

Novometry identifies the nature and strength of the GO relationship(s) 

between a class variable and one or more attributes for S, where 

nature and strength are characterized by the number and homogeneity 

of discrete sample strata identified by GO statistical model(s). Models 

maximizing ESS (a normed index of effect strength) and efficiency 

(ESS/number of strata, a normed index of parsimony) prevent over-

fitting and promote cross-generalizability when using the model to 

classify an independent random S.
5
 This article demonstrates 

novometry for elemental applications involving one binary class 

variable and one ordered attribute. Using data from the Surveillance, 

Epidemiology, and End Results (SEER) Program, cancer incidence is 

parsed separately by sex (male, female) and by race (white, African 

American) to ascertain whether these class variables identify discrete 

patient strata differing in cancer incidence. 
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 Casual observation reveals that relatively 

few statistical classification or discrimination 

models reported in the literature achieve perfect 

or nearly perfect prediction of the class variable, 

regardless of the number of attributes included 

in the model. Instead, many if not most of the 

published discrimination models achieve a level 

of classification accuracy which is substantially 

less than perfect despite inclusion of a relatively 

large number of attributes: indeed, mediocre 

classification accuracy is the norm. As a first 

step toward improving quality it is helpful to 

characterize the nature of an excellent statistical 

classification model. 

Simply stated, an excellent statistical 

classification model explains a class variable 

accurately and parsimoniously. In the optimal 

data analysis (ODA) paradigm accuracy is 

assessed by a statistic called effect strength for 

sensitivity or ESS.
1
 Regardless of the number of 

levels which constitute the class variable, or of 

the number of predictor variables (attributes) 

used in the model, or of the metrics used to 

assess the attributes, or of the sample size, ESS 

is a normed statistic. That is, for every statistical 

classification problem ESS=0 represents the 

level of classification accuracy which is 

expected by chance for S, and ESS=100 

represents errorless classification. And, in the 

ODA paradigm, parsimony is assessed using a 

statistic called efficiency, which is defined as 

ESS divided by the number of distinct strata—

that is, the number of separate subsamples of 

observations—which are identified by the 

classification model. As a means of illustrating 

these concepts, consider three statistical 

discrimination problems each involving a class 

variable having two levels, for example gender: 

males versus females. 

First, imagine a model which perfectly 

predicts the gender of all observations in the 

sample. If the model separated (parsed) the 

observations into two strata—one consisting 

entirely of males and the other consisting 

entirely of females, then the classification model 

would achieve ESS=100 and efficiency=50 (a 

solution having two strata can only occur with a 

model involving a single attribute). Figure 1 

illustrates the ESS-by-efficiency space, in which 

the perfect two-strata model is located in the 

extreme upper right-hand corner of the space. 

Consider two different less-than-perfect two-

strata ODA models, indicated as 1 and 2, which 

have different ESS and efficiency values. As 

seen, the distance of model 1 from the perfect 

solution (indicated using an arrow) is less than 

the distance of model 2 from the perfect 

solution. Model 1 is thus a better approximation 

of (it is closer to) the perfect solution, and is 

therefore superior to model 2, a worse 

approximation of (it is further away from) the 

perfect solution. If these two ODA models were 

the only models which were possible for this 

specific application (the possible existence of 

multiple ODA models for a single application is 

discussed ahead), then model 1 would be 

assessed as being the globally-optimal (GO) 

ODA model in this application. 
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Next, imagine a perfect model separating 

observations into three strata, with at least one 

strata consisting entirely of males, another 

consisting entirely of females, and the third 

strata consisting entirely of either males or 

females. The classification model would achieve 

ESS=100 and efficiency=33.3 (a solution 

having three strata can only occur with a model 

involving one or two attributes). Figure 1 also 

illustrates the ESS-by-efficiency space, in which 

the perfect three-strata model is located in the 

extreme upper right-hand corner of the space (in 

Figure 1 change the efficiency values of “50” to 

“33.3”, and “25” to “16.6”). Consider two 

different less-than-perfect three-strata ODA 

models, indicated as 1 and 2, which have 

different ESS and efficiency values. As seen, 

the distance of model 1 from the perfect solution 

is less than the distance of model 2 from the 

perfect solution. Model 1 is a better 

approximation of the perfect solution, and 

therefore is superior to model 2, which is a 

worse approximation of the perfect solution. If 

these two ODA models were the only models 

possible for this specific application, then model 

1 would be the GO ODA model in this 

application. 

Finally, imagine a model separating 

observations into four strata, with at least one 

strata consisting entirely of males, another 

entirely of females, and the third and fourth 

strata each consisting entirely of either males or 

females. The classification model would achieve 

ESS=100 and efficiency=25 (a solution having 

four strata can only occur with a model 

involving one, two, or three attributes). Figure 1 

also illustrates the ESS-by-efficiency space, in 

which the perfect three-strata model is located 

in the extreme upper right-hand corner of the 

space (in Figure 1 change the efficiency values 

of “50” to “25”, and “25” to “12.5”). Consider 

two different less-than-perfect four-strata ODA 

models, indicated as 1 and 2, which have 

different ESS and efficiency values. As seen, 

the distance of model 1 from the perfect solution 

is less than the distance of model 2 from the 

perfect solution. Model 1 is a better approxima-

tion of the perfect solution, and thus is superior 

to model 2, which is a worse approximation of 

the perfect solution. If these two ODA models 

were the only models possible for this specific 

application, then model 1 would be the GO 

ODA model in this application. 

Having clarified the concepts of an 

excellent statistical classification model, and of 

a GO ODA model for a specific application, 

novometric analysis which identifies a GO ODA 

model for an application involving a binary 

class variable and a single ordered attribute is 

next described and illustrated. 

Novometric Axioms 

A comprehensive reference detailing the 

motivation for and execution of patent-pending 

novometric methods is in preparation, as is a 

patent-pending black-box analysis module 

which applies novometry to any S and produces 

a report identifying the GO model(s). The 

following description of novometric axioms is 

necessarily qualitative in order to protect 

proprietary intellectual property until the final 

patent is awarded.
5
 

Axiom 1: S consists of a class variable, 

one or more attribute(s), a weight (unless it is 

otherwise specified a unit weight of 1 is used, 

indicating that observations are equally-valued), 

and a number of observations N, which yields 

minimally adequate statistical power for testing 

the a priori or post hoc hypothesis that the 

attribute(s) predict the class variable, using 

exact optimal (maximum-accuracy) statistical 

methods.
1,6-10

 The null hypothesis is the 

attribute(s) can’t predict the class variable.
1
 

 Axiom 2: In applications involving two 

or more attributes, the specific subset of attrib-

utes which yield GO model(s) in S is identified 

by a structural decomposition analysis (SDA), 

an iterative application of UniODA
1
 con-

ceptually analogous to principal components 

analysis
11

, but which explicitly maximizes 
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classification accuracy rather than variance.     

In the present study all analyses involve a single 

attribute, so SDA isn’t used. 

 Axiom 3: GO model(s) for S lie within 

the descendant family of models obtained by 

applying the minimum denominator search 

algorithm
3
 (MDSA) to an initially-unrestricted 

enumerated classification tree analysis
12

 (CTA) 

model configured to predict the class variable 

using only the attribute(s) selected by SDA. The 

MDSA enables the discovery of all possible 

CTA models in S that originate from an initially 

unrestricted model. 

Axiom 4: Validity analyses conducted 

using hold-out, leave-one-out (one-sample jack-

knife) or bootstrap methods for static data, or 

using test-retest methods for dynamic (repeated-

measures) data, provide an estimate of the cross-

generalizability of ESS and other classification 

performance indices for the GO model.
1
 

 Parametric statistical classification 

methods developed using the general linear 

model and maximum-likelihood paradigms 

involve the use of 95% confidence intervals to 

assess the overlap of model parameters and 

performance indices with each other and also 

with chance (“error”), to assess if model and 

chance effects overlap—indicating the absence 

of statistical reliability. Chance performance is 

represented by the value zero, but statistical 

models rarely attain a result of zero when 

applied to random data, especially for smaller 

samples.
13-15

 In novometry confidence intervals 

are also used to assess the overlap and reliability 

of model performance. In contrast to parametric 

methods however, exact discrete confidence 

intervals are developed using a Fisher’s 

randomization procedure for the ODA model, 

and using a bootstrap methodology for chance.
3
 

Demonstrating Novometric Analysis 

 Data are drawn from the Surveillance, 

Epidemiology, and End Results, or SEER 

Program, which collects and publishes cancer 

incidence and survival data in order to assemble 

and report estimates of cancer incidence, sur-

vival, mortality, other measures of the cancer 

burden, and patterns of care, in the USA.
16

 

Statistics from the SEER Program routinely 

include information specific to race/ethnic 

populations as well as other populations defined 

by age, gender, and geography. 

In this study cancer incidence is parsed 

separately by sex (male, female) and by race 

(white, African American) to ascertain if these 

class variables identify discrete patient strata 

differing in cancer incidence. A third ethnic 

category in the SEER data wasn’t used because 

it combines heterogeneous race categories, 

undoubtedly inducing paradoxical confounding 

which is impossible to assess or circumvent.
17-19

 

Cancer incidence rate is the number of 

new cancers of a specific site (type) occurring in 

a specified population in one year, expressed as 

the number of new cancers for every 100,000 

population at risk. In SEER data the number of 

new cancers may include multiple primary 

cancers occurring in one patient; the primary 

site reported is the site of origin and not the 

metastatic site; and the population used in com-

putation depends on the rate being calculated 

(e.g., for cancer sites occurring in one sex, the 

sex-specific population is used). SEER provides 

an age-adjusted rate weighted by the proportion 

of people in the corresponding age groups of a 

standard population, but raw data were used to 

avoid possible paradoxical confounding.  

All cancer categories in the SEER 

database were analyzed in the order they are 

provided. Each analysis involved either N=608 

or N=304 observations, as indicated in Table 

notes. Under proportional reduction in sample 

size over successive parses: for N=608 one 

binary parse will create two strata, each having 

N=304 observations; two binary parses will 

create four strata each with N=152 observations; 

and three binary parses will create eight strata, 

each having 76 observations. For a two-tailed 

analysis with a binary class variable, an ordered 

attribute, and endpoints having 76 observations, 
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moderate ESS values of 32.5 (for p<0.01) and 

28.7 (for p<0.05) are required for power of at 

least 90%.
9
 There is excellent statistical power 

for CTA models involving eight strata for N= 

608, and four strata for N=304. Fisher’s 

randomization and bootstrap analyses were used 

in validity analysis.
1,3

 

Table 1 summarizes the findings of 

novometric analysis using sex to parse cancer 

incidence data for all cancer types combined. 

The first CTA model to emerge had 

moderate ESS. By conventional rule-of-thumb, 

models yielding ESS<25 indicate weak effects; 

models yielding 25<ESS<50 indicate moderate 

effects; models yielding 50<ESS<75 indicate 

strong effects; and models yielding ESS>75 

indicate very strong effects.
1
 The point estimate 

of ESS for this initial model (33.2), and the 

upper (41.2) and lower (25.4) bounds of the 

95% CI for model-based ESS, all indicate a 

moderate effect.  In contrast, the 95% CI for 

chance-based ESS is relatively weak, and lies 

substantially beneath the 95% CI for model-

based ESS. The initial CTA model identified six 

patient strata, the smallest of which represented 

two observations. The 95% CI for this endpoint 

(not tabled) included 0%, rendering the CTA 

model redundant. 

In step two a five-strata CTA model was 

obtained yielding moderate ESS equivalent to 

that of the initial six-strata model, as assessed 

by point estimate and by 95% CI overlap. The 

five-strata model had 6.64/5.54 or 19.9% greater 

efficiency assessed by point estimate, but this 

difference wasn’t statistically significant 

because the five- and six-strata 95% CIs for 

efficiency overlapped. The smallest strata for 

this model had 63 patients. 

In step three the final model in the 

descendant family identified three patient strata. 

Based on point estimates the model achieved 

31.9/33.2 or 96% of the overall accuracy (ESS) 

of the other models. And, comparison of 95% 

CIs for model-based ESS indicates that all three 

models had comparable ESS (the three-strata 

model had significantly greater efficiency than 

the six-strata model). However, the lower-bound 

of ESS for the three-attribute model was 22.8, 

falling into the qualitative category of relatively 

weak: ESS yielded by the three-strata model 

thus indicates a weak-moderate effect. Having 

comparable strength and greater parsimony and 

efficiency than other models in the descendant 

family, the three-strata model is closer to the 

perfect prototype (Figure 1) and thus is selected 

as the GO model of the relationship between sex 

and all-site cancer incidence. 

Table 1: Parsing Cancer Incidence by Sex: 

All Sites Combined 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

All Sites          6       2      33.2          5.54 

25.4-41.2    4.22-6.87 

0.33-7.57    0.06-1.26 

        5     63      33.2          6.64 

25.3-41.2    5.05-8.23 

0.33-6.91    0.07-1.38 

          3     80      31.9          10.6 

22.8-40.6    7.60-13.5 

0.33-7.57    0.11-2.52 

---------------------------------------------------------------------- 

Note: Sex is male or female. Cancer Site is type of 

cancer. Strata is number of CTA model endpoints. 

MinD (for minimum denominator) is the smallest 

sample size for any strata. ESS (effect strength for 

sensitivity) is a normed index: 0 represents the level 

of classification accuracy expected by chance, and 

100 represents errorless classification. Efficiency, or 

ESS/Strata, is a normed index of the relative strength 

of the class variable(s) used in identifying sample 

strata. Results for each step of the MDSA analysis
3
 

are tabled. For each model the first line gives point 

estimates; the second line gives 95% confidence 

intervals (CIs) for discrete distributions obtained by 

bootstrap analysis
3
; and the third line gives 95% CIs 

for chance obtained by Monte Carlo analysis 

involving 100,000 iterations. Values for model 

efficiency were computed by dividing ESS values by 

the number of strata. For this analysis N=608. 
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The three-strata model is illustrated 

using the standard representation of a CTA 

model
12

 in Figure 1. Here, circles (model nodes) 

represent attributes (cancer incidence); arrows 

indicate  model branches; rectangles are model 

end-points and represent sample strata; numbers 

(or codes for categorical attributes) adjacent to 

arrows indicate the value of the cutpoint (or 

category) for the node; numbers beneath nodes 

give the exact generalized (per-comparison) 

Type I error rate for each binary parse; the 

number of observations classified in each 

endpoint is indicated beneath the endpoint; and 

the percentage of class=1 (male) observations is 

given inside the endpoint. 

The sample strata having lowest cancer 

incidence (<0.25%) was approximately equally 

represented by males and females, and it com-

prised 275/608 or 45% of the total sample. In 

contrast, the sample strata with highest cancer 

incidence (>2.06%) was dominated (98.8%) by 

males, and comprised 13% of the total sample.  

Finally, the sample strata having intermediate 

levels of cancer incidence (0.26%-2.065%) was 

largely composed of females (69.2%; 7:3 odds), 

and comprised 42% of the total sample. 

Cancer

Incidence

53.45%

Males

30.83%

Males

98.75%

Males

N=275 N=253 N=80

p<0.0001  p<0.0001

  <249.439

<2066.0435

>2066.0435

 

Figure 1: Standard Representation of Three-strata 

Model for Sex Parsing All Cancer Sites 

In contrast, when race was used to   

parse cancer incidence data for all cancer sites 

combined, no statistically reliable model was 

found, suggesting that race is unrelated to 

cancer incidence. Casual inspection of Table 3 

reveals this result to be a Simpson’s Paradox in 

which the combined data mask actual effects.
17

 

Clearly, observations having different types of 

cancer should not be combined in research in 

which race is used as a variable. If combining 

cancer types is considered (e.g., to increase N), 

first assess if paradoxical confounding exists, 

and if confounding is present then determine if 

it may be circumvented.
17

 If confounding exists 

and can’t be circumvented, then cancer types 

can’t be combined but instead must be treated as 

separate class or attribute categories.
1,17

 

Table 2 summarizes novometric analysis 

using sex to parse oral cavity and pharynx can-

cer incidence. Note that the first (oral cavity and 

pharynx) and last (other oral cavity and phar-

ynx) categories combine different types of 

cancer, and may thus be confounded. 

The first analysis assessed the combined 

oral cavity and pharynx site, and identified a 

two-strata model with moderate strength: the 

ESS point estimate for this combined category 

(39.5) exceeded ESS point estimates obtained 

for any other category. This is an example of 

another form of paradoxical confounding, in 

which the strength of the relationship for the 

combined sample is greater than the strength of 

the relationship for the separate categories.
17

 

In contrast, the ESS point estimate for 

the other oral cavity and pharynx category 

(25.7) was among the lowest, only marginally 

exceeding the criterion for a weak effect. The 

model yielded a weak-moderate effect on the 

basis of the model-based ESS 95% CI. This is a 

third form of confounding in which the strength 

of the relationship is weaker for the combined 

sample than for separate categories.
17

 For the 

remaining nine cancer categories the point esti-

mates of model accuracy (ESS) and efficiency 

were moderate for all except Lip and Salivary 

Gland cancers, for which weak effects emerged. 
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Table 2: Parsing Cancer Incidence by Sex: 

Oral Cavity and Pharynx 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Oral Cavity and        2    120      39.5          19.7 

Pharynx    33.1-46.0    16.6-23.0 

     0-6.58         0-3.29 

Lip         2      62       19.7          9.87 

14.5-25.3    7.27-12.6 

     0-4.61         0-3.31 

Tongue         2    120       37.5          18.8 

30.8-44.1    15.4-22.1 

     0-6.58         0-3.29 

Salivary Gland        3      90       20.1          6.69 

10.5-29.3    3.51-9.77 

0.33-7.57    0.11-2.52 

Floor of Mouth        2    124       33.6          16.8 

26.6-40.5    13.3-20.3 

     0-6.58         0-2.19 

Gum and Other         3    103       30.6          10.2 

Mouth    21.6-39.3    7.20-13.1 

0.33-8.22    0.11-2.74 

Nasopharynx        2    136       30.3          15.1 

22.7-37.5    7.55-12.5 

     0-6.58         0-2.19 

Tonsil         2    162       37.5          18.8 

30.0-45.1    15.0-22.5 

     0-7.24         0-3.62 

Oropharynx        2    143       34.5          17.3 

27.1-41.7    13.6-20.9 

0.33-6.91    0.16-3.46 

Hypopharyanx        2    136       38.8          19.4 

31.8-46.0    15.9-23.0 

     0-6.58         0-2.19 

Other Oral Cavity       2    120       25.7          12.8 

and Pharynx   18.7-32.8    9.34-16.4 

     0-6.58         0-2.19 

---------------------------------------------------------------------- 
See Note to Table 1. 

  On the basis of 95% CIs, five models 

had weak-moderate effects, and four models had 

moderate effects. For every analysis a single 

model was identified, and all except two models 

had two strata, limiting opportunity for granular 

parsing in applications with multiple attributes. 

Table 3 summarizes novometric analysis 

using race to parse oral cavity and pharynx 

cancer incidence. 

Table 3: Parsing Cancer Incidence by Race: 

Oral Cavity and Pharynx 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Lip         2    289       50.3          25.2 

42.3-58.4    21.2-29.2 

0.33-8.22    0.16-4.11 

Tongue         5      29        35.5          7.11 

26.8-44.5    5.35-8.91 

     0-7.89         0-1.58 

         4    122       29.3          7.32 

20.2-38.3    5.05-9.58 

     0-7.57         0-1.89 

         3    135       20.7          6.91 

12.9-28.5    4.31-9.49 

0.33-6.91    0.11-2.30 

Salivary Gland        2      93       16.1          8.06 

9.58-22.8    4.79-11.4 

0.33-5.59    0.16-2.80 

Floor of Mouth        2    223       11.5          5.76 

2.28-20.5    1.14-10.2 

0.33-7.57    0.16-3.78 

Gum and Other         3    113       21.4          7.13 

Mouth    13.8-29.1    4.58-9.70 

0.33-6.91    0.11-2.30 

Nasopharynx        3      88       29.0          9.65 

23.0-35.1    7.67-11.7 

     0-5.26         0-1.75 

         2    113       26.3          13.2 

19.3-33.3    9.64-16.7 

     0-6.58         0-3.29 

Tonsil         5      48       27.0          5.39 

18.8-35.0    3.76-7.00 

     0-7.24         0-1.45 

         3    106       17.8          5.92 

10.9-24.9    3.62-8.30 

     0-5.92         0-1.97 

         2    209       14.8          7.40 

6.03-23.7    3.02-11.8 

0.33-7.57    0.16-3.78 

Oropharynx        4      41       32.9          8.22 

23.9-41.7    5.97-10.4 

     0-7.89         0-1.97 
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         3    158       26.3          8.77 

18.3-34.3    6.11-11.4 

     0-7.24         0-2.41 

         2    291       21.4          10.7 

12.4-30.6    6.21-15.3 

0.33-8.22    0.16-4.11 

Hypopharyanx        3    165       19.4          6.47 

10.9-28.0    3.64-9.32 

0.33-7.57    0.11-2.52 

Other Oral Cavity       6      35       29.9          4.99 

and Pharynx    20.9-38.8    3.48-6.46 

0.33-8.22    0.06-1.37 

         4      37       27.0           6.74 

17.7-36.2    4.42-9.05 

     0-7.89         0-1.97 

         3    118       26.6           8.88 

18.1-35.4    6.04-11.8 

     0-7.57         0-2.52 

         2    271       17.4          8.72 

7.99-26.6    4.00-13.3 

     0-7.57         0-3.78 

---------------------------------------------------------------------- 
See Note to Table 1.  The class variable race was white or 

African American.  No model emerged for combined Oral 

Cavity and Pharynx. 

The first analysis assessed the combined 

oral cavity and pharynx category, and no statis-

tically reliable model was identified.  This sug-

gests that race does not predict cancer incidence 

for this site: another example of paradoxical 

confounding masking actual effects.
17

 

In this category lip cancer produced the 

weakest effect in sex analyses but the strongest 

effect in race analyses—the first model thus far 

yielding a relatively strong ESS point estimate 

(a moderate-strong effect by 95% CI): this level 

of accuracy is greater than has been obtained   

by many multiattribute models.
20

 

For tongue cancer the first CTA model 

to emerge in MDSA analysis had moderate ESS, 

and identified five strata. The second (four-

strata) model had a moderate ESS point 

estimate, but the lower bound of the 95% CI 

reflected a relatively weak effect. The point 

estimate of efficiency of the four-strata model 

was greatest in the descendant family, but the 

95% CIs revealed that all three models had 

statistically comparable ESS and efficiency.  

The three-strata model was 30% less accurate 

and 6% less efficient than the four-strata model 

by point estimates.  Because the model parsing 

four strata has qualitatively comparable strength 

and highest efficiency of all models, it is judged 

to be the GO model for this descendant family. 

Sex was a significantly more efficient predictor 

of tongue cancer than was race. 

For salivary gland cancer the two-strata 

race model was modestly less accurate and more 

efficient than the three-strata sex model. 

For floor of mouth cancer, lower bounds 

of the 95% CIs for model ESS and efficiency 

overlapped corresponding 95% CIs for chance, 

indicating that race is not reliably predictive of 

floor of mouth cancer.  For sex, in contrast, a 

moderate effect was identified. 

For gum and other mouth cancer (a com-

bined category which may exhibit paradoxical 

confounding), race and sex both yielded a weak-

moderate effect. 

For nasopharynx cancer the three-strata 

model identified in MDSA analysis had slightly 

greater, qualitatively comparable weak-

moderate ESS, but a 27%-lower efficiency point 

estimate versus the two-strata model—the GO 

model of this descendant family. 

For tonsil cancer, lower bounds of the 

95% CIs for model ESS and efficiency over-

lapped corresponding 95% CIs for chance for 

the two-strata model identified in MDSA 

analysis. Based on point estimates the five-strata 

model had 52% greater accuracy than the three-

strata model, but 10% lower efficiency. The 

three-strata model obtained a weak effect, and 

the five-strata model obtained a weak-moderate 

effect. While the three- and five-strata models 

had comparable ESS and efficiency, the three-

strata model was 40% more parsimonious, and 

thus is selected as the GO model. For tonsil 

cancer the sex model was more accurate, 

efficient, and parsimonious than the race model. 

For oropharynx cancer a descendant 

family of three weak-moderate models emerged 

for race. The two- and three-strata models had 
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comparable ESS and efficiency as assessed by 

95% CIs. By point estimates the three-strata 

model had 23% greater ESS, and 18% lower 

efficiency than the two-strata model. However, 

the use of two strata is 33% more parsimonious 

than use of three strata, suggesting the two-

attribute model is the GO model. The sex effect 

was substantially greater than the race effect. 

For hypopharynx cancer a weak-

moderate three-strata model emerged for race.  

The model for sex was 50% more parsimonious, 

100% more accurate (ESS), and 300% more 

efficient than the model for race. 

Finally, for other oral cavity and phar-

ynx cancer, a descendant family of four weak-

moderate models emerged for race. The lower 

bounds of the 95% CIs for model ESS and 

efficiency overlapped the corresponding 95% 

CIs for chance for the two-strata model. The 

three-strata model was selected as GO on the 

basis of its qualitatively and quantitatively 

comparable accuracy, and substantially stronger 

efficiency, versus six- and four-strata models. 

Considered as a whole, sex and race both 

generally predict different manifestations of oral 

and pharynx cancer at a weak-moderate level of 

accuracy and efficiency. The MDSA analyses 

identified many descendant families for race but 

none for sex. The most powerful model emerged 

for race used to parse lip cancer incidence. 

Table 4 summarizes novometric analysis 

using sex to parse digestive system cancer 

incidence. 

Table 4: Parsing Cancer Incidence by Sex: 

Digestive System 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Digestive System        2      48      13.2          6.58 

8.34-18.1    4.17-9.06 

     0-3.95         0-1.98 

Esophagus        2    113      32.6          16.3 

26.1-39.2    13.0-19.6 

0.33-6.25    0.16-3.12 

 

Stomach         2    100      15.8          7.90 

9.16-22.6    4.58-11.3 

     0-5.92         0-2.96 

Splenic Flexure        2      72      12.5          6.25 

6.58-18.6    3.29-9.28 

     0-5.26         0-2.63 

Sigmoid Colon        2      76      11.8          5.90 

5.80-17.9    2.90-8.97 

     0-5.26         0-2.63 

Rectum and Recto-     2      73      14.8          7.40 

sigmoid Junction   8.93-20.9    4.46-10.4 

0.33-4.93    0.16-2.46 

Rectum         2    122      15.1          7.56 

7.71-22.5    3.86-11.3 

     0-6.58         0-3.29 

Anus, Anal Canal        2      83      11.5          5.76 

and Anorectum   4.99-17.9    2.50-8.96 

0.33-5.59    0.16-2.88 

---------------------------------------------------------------------- 
See Note to Table 1.  No model emerged for Small Intestine; 

Colon and Rectum; Colon excluding Rectum; Cecum; 

Appendix; Ascending Colon; Hepatic Fracture; Transverse Co-

lon; Descending Colon; Large Intestine NOS; or Rectosigmoid 

Junction. 

As seen, no statistically reliable model 

emerged for 11 cancer categories, all eight 

models which were identified were binary (two-

strata) parses, and point estimates of accuracy 

were weak for all models except for the 

moderate finding for esophagus cancer. For 

anus, anal canal and anorectum cancer, lower 

bounds of the 95% CIs for model ESS and 

efficiency overlapped the corresponding 95% 

CIs for chance, indicating that sex is not predic-

tive of anus, anal canal and anorectum cancer. 

Table 5 gives novometric results using 

race to parse digestive system cancer incidence. 

As seen, no statistically reliable model 

was identified for 13 cancer categories, and the 

six models which were identified had descend-

ant families having two or three members. Race 

and sex both had models for three cancer types.  

For esophagus cancer the three-strata race 

model was 43% more accurate and only 4.6% 

less efficient than the two-strata model. In 

comparison the sex model was 36% more accu-

rate (by ESS point estimates) and significantly 
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more efficient (non-overlapping 95% CIs) than 

the race model. And, for stomach cancer and 

splenic flexure cancer, for the two-strata race 

model the lower bounds of the 95% CIs for 

model ESS and efficiency overlapped 

corresponding 95% CIs for chance, and both    

of the three-strata models achieved a weak-

moderate effect. Similarly, for the two-strata 

race model for hepatic fracture cancer the lower 

bounds of the 95% CIs for model ESS and effi-

ciency overlapped corresponding 95% CIs for 

chance, and the three-strata model returned a 

weak effect. 

Table 5: Parsing Cancer Incidence by Race: 

Digestive System 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Esophagus        5      39      29.6          5.92 

20.6-38.4    4.12-7.69 

     0-7.89         0-1.58 

         3    184     24.0          8.00 

15.5-32.7    5.15-10.9 

0.33-7.57    0.11-2.52 

       2    221      16.8          8.39 

7.93-25.8    3.96-12.9 

0.33-7.57    0.16-3.78 

Stomach         3    110      19.1          6.36 

10.2-28.1    3.40-9.36 

     0-7.89         0-2.63 

       2    274      11.2          5.59 

1.75-20.7    0.88-10.3 

     0-7.89         0-3.94 

Small Intestine        4      59      27.6          6.91 

19.1-36.2    4.78-9.06 

     0-7.24         0-1.81 

         3    155      22.7          7.57 

14.4-31.0    4.78-10.3 

0.33-6.91    0.11-2.30 

Appendix        6      25      42.1          7.02 

33.5-50.5    5.59-8.42 

     0-7.89         0-1.32 

         4      42      39.8          9.95 

31.4-48.2    7.85-12.0 

0.33-7.57    0.08-1.89 

         2    191      33.9          16.9 

25.7-42.0    12.8-21.0 

0.33-7.57    0.16-3.78 

Hepatic Fracture        3      78      15.1          5.04 

8.93-21.2    2.98-7.06 

     0-5.26         0-1.75 

         2    194      13.2          6.58 

4.43-21.9    2.22-10.9 

     0-7.24         0-3.62 

Splenic Flexure        3    193      22.0          7.35 

13.7-30.5    4.57-10.2 

0.33-7.57    0.11-2.52 

         2    195      11.5          5.76 

2.50-20.3    1.25-10.1 

0.33-7.57    0.16-3.78 

---------------------------------------------------------------------- 
See Note to Table 3.  No model emerged for combined 

Digestive System; Colon and Rectum; Colon excluding Rectum; 

Cecum; the Ascending, Transverse, Descending, or Sigmoid 

Colon; Large Intestine, NOS; Rectum and Rectosigmoid 

Junction; Rectosigmoid Junction; Rectum; or Anus, Anal Canal 

and Anorectum. 

The three-strata race model for small 

intestine cancer yielded a weak-moderate effect. 

Finally, the two-strata race model for 

appendix cancer, having qualitatively compara-

ble accuracy and significantly greater efficiency 

than all but one of the other members of its 

descendant family, achieved a moderate effect. 

Table 6 summarizes novometric analysis 

using sex to parse liver and intrahepatic bile 

duct cancer incidence. 

As seen, no statistically reliable model 

was identified for four of the cancer categories, 

all five models that were identified were binary 

parses, and accuracy point estimates were weak 

except for the moderate finding for liver cancer.  

For intrahepatic bile duct and gallbladder can-

cer, the lower bounds of the 95% CIs for model 

ESS and efficiency overlapped the correspond-

ing 95% CIs for chance, indicating sex is not 

predictive of anorectum cancer. 

Table 6: Parsing Cancer Incidence by Sex: 

Liver and Intrahepatic Bile Duct 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Liver and Intra-        2    102      23.0          11.5 

Hepatic Bile Duct         16.3-29.9    8.14-14.9 

         0-5.92         0-2.96 
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Liver         2    119      25.3          12.7 

18.2-32.4    9.11-16.2 

0.33-6.25    0.16-3.12 

Intrahepatic Bile        2    185      11.5          5.76 

Duct    3.05-20.3    1.52-10.2 

0.33-6.91    0.16-3.46 

Gallblader        2    241      14.8          7.40 

5.67-24.0    2.84-12.0 

0.33-7.57    0.16-3.78 

Peritoneum,          2    136      21.1          10.5 

Omentum   13.5-28.9    6.74-14.4 

and Mesentery         0-6.58         0-3.29 

---------------------------------------------------------------------- 
See Note to Table 1. No model emerged for Other Biliary; Pan-

creas; Retroperitoneum; or Other Digestive Organs. 

Table 7 summarizes novometric analysis 

using race to parse liver and intrahepatic bile 

duct cancer incidence. 

As seen, no statistically reliable model 

was identified for two of the cancer categories, 

and three of the seven identified models were 

binary parses. 

Race and sex both identified statistically 

reliable effects for three cancer types.  First, for 

the combined liver and intra-hepatic bile duct 

category, compared to the four-strata model—

for which the 95% CI for the endpoint with two 

observations included zero, the three-strata race 

model had comparable accuracy (weak effect) 

and higher efficiency than the four-strata model.  

Compared to the two-strata sex model, the 

three-strata race model yielded comparable 

accuracy but weaker efficiency. 

Table 7: Parsing Cancer Incidence by Race: 

Liver and Intrahepatic Bile Duct 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Liver and Intra-        4        2      19.4          4.85 

Hepatic Bile Duct               12.3-26.6    3.07-6.64 

    0.33-6.25    0.08-1.56 

       3      54      18.8          6.25 

11.8-25.8    3.93-8.59 

0.33-6.25    0.11-2.08 

 

 

Liver         7        2      28.0          3.99 

21.0-34.9    3.00-4.99 

0.33-6.25    0.05-0.89 

         4      55      25.3          6.33 

17.3-33.3    4.32-8.32 

0.33-6.91    0.08-1.73 

Intrahepatic Bile        2    283      25.3          12.7 

Duct    16.2-34.4    8.08-17.2 

0.33-7.57    0.16-3.78 

Other Biliary        3        3      17.4          5.81 

8.54-26.2    2.85-8.72 

0.33-7.57    0.11-2.52 

         2    216      16.4          8.22 

7.56-25.4    3.78-12.7 

     0-7.89         0-3.94 

Retroperitoneum        2    124      28.3          14.1 

21.2-35.4    10.6-17.7 

     0-6.58         0-3.29 

Peritoneum,         2    304      37.5          18.8 

Omentum   28.8-46.3    14.4-23.2 

and Mesentery        0-7.89         0-3.94 

Other Digestive        3    119      24.0          8.00 

Organs    16.9-31.1    5.63-10.4 

0.33-6.25    0.11-2.08 

         2    264      22.4          11.2 

13.3-31.3    6.64-15.7 

     0-7.89         0-3.94 

---------------------------------------------------------------------- 
See Note to Table 1. No model emerged for Gallbladder or 

Pancreas. 

Second, in the seven-strata race liver 

cancer model, the 95% CI for the endpoint with 

N=2 included zero (not tabled). Four-strata race 

and two-strata sex liver cancer models had 

comparable accuracy (ESS point estimates mar-

ginally exceeded the criterion for a weak effect): 

the sex model was significantly more efficient. 

And third, the moderate two-strata race 

model for peritoneum, omentum and mesentery 

cancer had significantly greater (within round-

ing error) accuracy and efficiency compared to 

the weak two-strata sex model.  Note that the 

race model precisely halved the sample. 

Binary (two-strata) race models for in-

trahepatic bile duct, retroperitoneum, and other 

digestive organ cancers yielded performance in 

the area between weak and moderate effect. 
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Finally, in the binary race model of other 

biliary cancer, 95% CIs for model and chance 

ESS overlapped. The three-strata race model 

had a weak effect: the 95% CI for the endpoint 

with three observations included zero. 

Table 8 summarizes novometric analysis 

using sex to parse respiratory system cancer 

incidence. As seen, all six of the identified 

models were binary (two-strata) parses. The 

95% CIs for accuracy revealed sex produced a 

weak effect for nose, nasal cavity and middle 

ear cancer; a moderate effect for combined res-

piratory system, lung and bronchus, and trachea, 

mediastinum, and other respiratory organ can-

cers; and a moderate-strong effect for larynx 

cancer. For pleura cancer, however, the lower 

bounds of the 95% CIs for model ESS and 

efficiency overlapped corresponding 95% CIs 

for chance, indicating sex is not predictive of 

pleura cancer. 

Table 8: Parsing Cancer Incidence by Sex: 

Respiratory System 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Respiratory System     2      99      29.3          14.6 

22.9-35.8    11.4-17.9 

0.33-6.25    0.16-3.12 

Nose, Nasal Cavity     2    138      17.1          8.56 

and Middle Ear          9.30-25.0    4.65-12.5 

     0-6.58         0-3.29 

Larynx         2    163      43.8          21.9 

36.4-51.0    18.2-2.5 

0.33-6.91    0.16-3.46 

 

Lung and Bronchus    2    111      27.3          13.6 

20.5-34.0    10.2-17.0 

0.33-6.25    0.16-3.12 

Pleura          2    137      13.5          6.7 

5.78-21.2    2.89-10.6 

0.33-6.91    0.16-3.46 

Trachea, Media-        2    296      29.0          14.5 

stinum, Other   19.7-38.0    9.86-19.0 

Respiratory Organs       0-7.89         0-3.94 

---------------------------------------------------------------------- 
See Note to Table 1. 

Table 9 gives novometric results for race 

parsing respiratory system cancer incidence. As 

seen, no statistically reliable model emerged for 

the combined cancer category, suggesting race 

is not predictive of respiratory system cancers—

another example of paradoxical confounding 

serving to mask actual effects.
17

 

Table 9: Parsing Cancer Incidence by Race: 

Respiratory System 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Nose, Nasal Cavity     2    115      24.0          12.0 

and Middle Ear          17.0-31.0    8.51-15.5 

    0.33-6.25    0.16-3.12 

Larynx         5      29      31.6          6.32 

22.5-40.6    4.51-8.13 

     0-7.89         0-1.58 

         3    170      24.0          8.00 

15.1-32.9    5.02-11.0 

0.33-7.57    0.11-2.52 

Lung and Bronchus    3      91      15.5          5.15 

8.81-22.2    2.94-7.38 

0.33-5.59    0.11-1.86 

Pleura          2    166      30.3          15.1 

22.2-38.3    11.1-19.2 

     0-7.24         0-3.62 

Trachea, Media-        6      48      56.2          9.38 

stinum, Other          48.2-64.0    8.02-10.7 

0.33-8.22    0.06-1.37 

         5      72      53.0          10.6 

           44.9-60.8    8.98-12.2 

    0.33-7.57    0.07-1.51 

         3    110      50.0          16.7 

41.7-58.2    13.9-19.4 

     0-7.89         0-2.63 

         2    180      46.7          23.4 

39.3-54.2    19.6-27.1 

     0-7.24         0-3.62 

---------------------------------------------------------------------- 
See Note to Table 3.  No model emerged for combined respira-

tory system. 

Race models were stronger than corre-

sponding sex models for three cancer categories.  

The binary (two-strata) race model for nose, 

nasal cavity and middle ear cancer achieved a 

weak-moderate effect, versus a weak effect for 
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sex. No reliable sex model for pleura cancer was 

found, but the binary race model yielded weak-

moderate accuracy. For trachea, mediastinum, 

and other respiratory organ cancer, the two-

strata race model (preferred over other models 

in the descendant family due to qualitatively 

comparable accuracy and significantly greater 

efficiency) had significantly greater (moderate-

strong) accuracy and efficiency than the (weak-

moderate) binary sex model. 

However, for lung and bronchus cancer 

the three-strata race model was weak (versus 

weak-moderate) and significantly less efficient 

than the two-strata sex model. And, the two-

strata sex model for larynx cancer was signifi-

cantly more accurate and efficient than the 

three-strata race model (more efficient than the 

five-strata race model). 

Table 10 summarizes novometric analy-

sis using sex to parse bones and joints cancer 

incidence. For the two-strata sex model of bones 

and joints cancer, the lower bounds of 95% CIs 

for model accuracy and efficiency overlapped 

corresponding 95% CIs for chance. The four-

strata race model had a weak-moderate effect. 

Table 10: Parsing Cancer Rate by Sex: 

Bones and Joints 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Bones and Joints         4     58     20.4          5.10 

12.5-28.2    3.13-7.04 

     0-6.58         0-1.64 

          2   251     14.8          7.40 

5.76-24.2    2.88-12.1 

0.33-7.57    0.16-3.78 

---------------------------------------------------------------------- 
See Note to Table 1. 

Table 11 gives novometric results using 

race to parse bones and joints cancer incidence. 

The two-strata race model for bones and 

joints cancer is more accurate and significantly 

more efficient than the four-strata sex model. 

 

Table 11: Parsing Cancer Rate by Race: 

Bones and Joints 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Bones and Joints         2   198     29.6          14.8 

21.3-38.2    10.6-19.1 

     0-7.24         0-3.62 

---------------------------------------------------------------------- 
See Note to Table 3. 

 No models emerged when parsing any of 

the skin excluding basal and squamous cancer 

incidence categories by sex. 

Table 12 summarizes novometric analy-

sis using race to parse this category of cancer. 

Table 12: Parsing Cancer Incidence by Race: 

Skin excluding Basal and Squamous 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Skin excluding            5      14      66.1          13.2 

Basal and          59.2-72.9    11.8-14.6 

Squamous   0.33-7.57    0.07-1.51 

         4      51      63.8          16.0 

    56.6-71.0    14.1-17.8 

     0-7.89         0-1.97 

         2    229         61.5          30.8  

54.4-68.6    27.2-34.3 

0.33-7.57    0.16-3.79 

Melanoma of        5      25      75.3          15.1 

the Skin           69.2-81.2    13.8-16.2 

0.33-8.22    0.07-1.64 

         4      63      71.4          17.8 

64.4-77.8    16.1-19.5 

0.33-8.22    0.08-2.06 

         2    234      67.1          33.6 

60.4-73.7    30.2-36.8 

     0-7.89         0-3.94 

Other Non-        4      83      32.9          8.22 

Epithelial Skin   24.0-41.9    6.00-10.5 

         0-7.89         0-1.97 

---------------------------------------------------------------------- 
See Note to Table 3. 

For the combined skin excluding basal 

and squamous cancer category all descendant 

family models had strong performance, but the 

two-strata model had comparable ESS and was 
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significantly more efficient than other models (it 

correctly classified 93.1% of African Americans 

and 68.4% of whites). 

Similarly, for the melanoma of the skin 

cancer category all descendant family models 

had strong performance, but the two-strata 

model had comparable ESS and was signifi-

cantly more efficient than other models (it cor-

rectly classified 95.1% of African Americans 

and 72.0% of whites). 

For the other non-epithelial skin cancer 

category race yielded a weak-moderate effect (it 

correctly classified 65.5% of African Americans 

and 67.4% of whites). 

Table 13 summarizes novometric analy-

sis using race to parse female genital system 

cancer incidence. No statistically reliable model 

was found for the combined female genital 

system cancer category, suggesting that race is 

not predictive of female genital system 

cancers—an example of paradoxical 

confounding.
17

 No statistically reliable model 

was identified for three cancer categories (of 

which one, other female genital organs, is a 

combined category). For the two-strata ovary 

cancer model, the lower bounds of the 95% CI 

for model accuracy overlapped corresponding 

95% CI for chance. However, race significantly 

predicted four cancer categories. For cervix 

uteri cancer the two-strata model was compa-

rably accurate (moderate-strong effect) and 

more efficient than the three-strata model. The 

models for corpus and uterus, corpus uteri, and 

uterus cancer produced weak-moderate effects. 

Table 13: Parsing Cancer Incidence by Race: 

Female Genital System 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Cervix Uteri        3      84      40.8          13.6 

28.5-52.5    9.50-17.5 

     0-10.5         0-3.50 

         2      90      39.5          19.7 

28.5-50.6    14.2-25.3 

     0-10.5         0-5.25 

 

Corpus and        2      80      18.4          9.21 

Uterus, NOS   8.92-27.7    4.46-13.9 

     0-7.89         0-3.94 

Corpus Uteri        2      53      20.4          10.2 

10.6-30.3    5.28-15.1 

0.66-8.55    0.33-4.28 

Uterus, NOS        3      78      35.5          11.8 

22.6-48.0    7.55-16.0 

     0-10.5         0-3.50 

Ovary         2      48      17.1          8.56 

7.68-26.8    3.84-13.4 

     0-10.5         0-5.25 

---------------------------------------------------------------------- 
See Note to Table 3.  No model emerged for Combined Female 

Genital System; Vagina; Vulva; or Other Female Genital Or-

gans.  Here, N=304.  NOS=Not Otherwise Specified. 

Table 14 summarizes novometric analy-

sis using race to parse male genital system 

cancer incidence. As seen, no statistically 

reliable model was obtained for penis cancer. 

For the combined male genital system cancer 

category, the weak-moderate three-strata model 

had intermediate levels of ESS and efficiency 

relative to the other models in the descendant 

family, and had better performance (assessed 

via 95% CI) on the low end of performance 

versus the two-strata model. 

Table 14: Parsing Cancer Incidence by Race: 

Male Genital System 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Male Genital        4      29      36.8          9.21 

System    24.7-48.8    6.19-12.2 

     0-10.5         0-2.62 

       3      78      29.0          9.65 

18.0-40.1    6.00-13.4 

     0-9.21         0-3.07 

         2      99      23.0          11.5 

10.8-35.1    5.42-17.5 

0.66-9.87    0.33-4.94 

Prostate         4      35      32.9          8.22 

20.9-44.7    5.24-11.2 

     0-10.5         0-2.62 

         3      36      23.7          7.89 

15.8-31.8    5.26-10.6 

     0-6.58         0-2.19 
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         2      71      19.1          9.54 

8.01-30.1    4.01-15.1 

0.66-9.87    0.33-4.94 

Testes         2    118      46.1          23.0 

34.2-57.2    17.1-28.6 

     0-10.5         0-5.25 

Other Male        2    104      35.5          17.8 

Genital Organs   23.8-47.2    11.9-23.6 

     0-10.5         0-5.25 

---------------------------------------------------------------------- 
See Note to Table 3.  No model emerged for Penis. N= 304. 

The two-strata prostate cancer model 

95% CI lower bounds for model accuracy and 

efficiency overlapped corresponding 95% CIs 

for chance. The weak-moderate four-strata 

model had greater ESS and efficiency than the 

three-strata model. 

And, two-strata models emerged for 

testes cancer (moderate effect), and for the com-

bined other male genital organ cancer category 

(weak-moderate effect). 

Table 15 gives novometric results using 

sex to parse urinary system cancer incidence. 

Two-strata models yielded weak effects for 

ureter and the combined other urinary organ 

cancer categories, and weak-moderate effects 

for urinary bladder, kidney and renal pelvis, and 

the combined urinary system cancer categories. 

Table 15: Parsing Cancer Incidence by Sex: 

Urinary System 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Urinary System        2      87      26.0          13.0 

19.9-32.2    9.93-16.1 

0.33-5.59    0.16-2.80 

Urinary Bladder        2      88      24.3          12.2 

18.2-30.7    9.12-15.4 

     0-5.26         0-2.63 

Kidney and        2    106      21.7          10.9 

Renal Pelvis    14.8-28.6    7.41-14.3 

     0-5.92         0-2.96 

Ureter         2      56      13.8          6.91 

8.58-19.2    4.29-9.61 

     0-4.61         0-2.31 

 

Other Urinary        2      78      16.4          8.22 

Organs    10.5-22.8    5.26-11.4 

         0-5.26         0-2.63 

---------------------------------------------------------------------- 
See Note to Table 1. 

Table 16 gives novometric results for 

race parsing urinary system cancer incidence. 

No model emerged for combined urinary 

system or kidney and renal pelvis cancer. 

Returning a weak effect, the two-strata 

race model for urinary bladder cancer had lower 

accuracy and efficiency than the sex model. 

The weak-moderate two-strata race 

model for ureter cancer had comparable ESS but 

greater efficiency compared to the four-strata 

race model. The race model was more accurate 

and more efficient than the sex model. 

Table 16: Parsing Cancer Incidence by Race: 

Urinary System 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Urinary Bladder        2      82      15.8          7.90 

9.54-22.1    4.77-11.1 

     0-5.26         0-2.63 

Ureter         4      80      32.2          8.06 

24.3-40.1    6.07-10.0 

     0-7.24         0-1.81 

         2    288      28.3          14.1 

19.1-37.3    9.53-18.7 

     0-7.89         0-3.94 

Other Urinary        3    151      24.0          8.00 

Organs           16.1-31.2    5.37-10.6 

0.33-6.91    0.11-2.30 

       2    250      14.5          7.24 

5.09-23.6    2.54-11.8 

     0-7.89         0-3.94 

---------------------------------------------------------------------- 
See Note to Table 3.  No model emerged for Combined Urinary 

System or Kidney and Renal Pelvis. 

For the weak two-strata race model for 

the combined other urinary organ cancer cate-

gory, lower bounds of 95% CI for model 

accuracy overlapped corresponding 95% CI for 

chance.  The weak-moderate race three-strata 
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model was more accurate but comparably 

efficient compared to the two-strata model. 

Table 17 summarizes novometric analy-

sis using sex to parse eye and orbit cancer inci-

dence.  As seen, a weak effect was identified. 

Table 17: Parsing Cancer Incidence by Sex: 

Eye and Orbit 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Eye and Orbit        2      38      11.2          5.60 

6.85-15.7    3.42-7.86 

     0-3.95         0-1.98 

---------------------------------------------------------------------- 
See Note to Table 1. 

Table 18 summarizes novometric 

analysis using race to parse eye and orbit cancer 

incidence.  All descendant family race models 

had strong effects however the two-strata model 

had significantly greater efficiency than other 

models, as well as a large minimum denomina-

tor facilitative of proportional splitting in 

multiattribute applications. 

Table 18: Parsing Cancer Incidence by Race: 

Eye and Orbit 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Eye and Orbit        7      27      71.1          10.2 

64.3-77.6    9.19-11.1 

     0-7.89         0-1.13 

       6      47      68.1          11.3 

61.3-74.6    10.2-12.4 

0.33-7.57    0.06-1.26 

       5      51      62.8          12.6 

55.6-70.1    11.1-14.0 

0.33-7.57    0.07-1.51 

       2    202      62.5          31.2 

55.8-69.0    27.9-34.5 

     0-7.24         0-3.62 

---------------------------------------------------------------------- 
See Note to Table 3. 

Table 19 summarizes novometric analy-

sis using sex to parse brain and other nervous 

system cancer incidence. 

No statistically reliable model was found 

for cranial nerves or (combined) other nervous 

system cancer categories. Both weak two-strata 

sex models had 95% CI lower bounds for model 

accuracy and efficiency that overlapped corre-

sponding chance 95% CIs. 

Table 19: Parsing Cancer Incidence by Sex: 

Brain and Other Nervous System 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Brain and Other        2    275     14.8          7.40 

Nervous System           5.39-24.0    2.70-12.0 

    0.33-7.57    0.16-3.78 

Brain         2    282      15.1          7.56 

5.83-24.4    2.92-12.2 

     0-7.89         0-3.94 

---------------------------------------------------------------------- 
See Note to Table 1.  No model emerged for Cranial Nerves, 

Other Nervous System. 

Table 20 summarizes novometric analy-

sis using race to parse brain and other nervous 

system cancer incidence. 

Table 20: Parsing Cancer Incidence by Race: 

Brain and Other Nervous System 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Brain and Other        2    163      26.6          13.3 

Nervous System      18.6-34.6    9.32-17.3 

    0.33-6.91    0.16-3.46 

Brain         2    171      27.3          13.6 

19.2-35.5    9.62-17.6 

0.33-6.91    0.16-3.46 

Cranial Nerves,        3      48      43.1          14.4 

Other Nervous          35.5-50.4    11.8-16.8 

System    0.33-6.91    0.11-2.30 

         2    119      34.5          17.3 

27.8-41.3    13.9-20.7 

0.33-6.25    0.15-3.12 

---------------------------------------------------------------------- 
See Note to Table 3. 

An effect of weak-moderate strength 

occurred for race models of brain cancer and of 

combined brain and other nervous system 

cancer. For cranial nerves and other nervous 
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system cancer the moderate two-strata race 

model was 20.1% more efficient, but the 

moderate-strong three-strata model had 24.9% 

greater ESS by point estimates. 

Table 21 gives novometric results using 

sex to parse endocrine system cancer incidence. 

As seen, two-strata sex models yielded a weak 

effect for (combined) other endocrine including 

thymus cancer, a moderate effect for (com-

bined) endocrine system cancer, and a moder-

ate-strong effect for thyroid cancer. 

Table 21: Parsing Cancer Incidence by Sex: 

Endocrine System 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Endocrine System       2    224     38.8          19.4 

30.2-47.1    15.1-23.5 

     0-7.89         0-3.94 

Thyroid         2    210     43.4          21.7 

35.4-51.3    17.7-25.7 

     0-7.24         0-3.62 

Other Endocrine        2    146      15.1          7.56 

including Thymus  7.36-23.2    3.68-11.6 

         0-6.58         0-3.29 

---------------------------------------------------------------------- 
See Note to Table 1. 

Table 22 gives novometric results using 

race to parse endocrine system cancer incidence. 

The weak-moderate two-strata race model for 

combined endocrine system cancer was weaker 

(significantly lower for thyroid cancer) than 

corresponding sex models. For combined other 

endocrine including thymus cancer, the weak-

moderate three-strata race model has compara-

ble ESS and greater efficiency than the four-

strata model. The three-strata race model has 

significantly greater ESS but comparable effi-

ciency to the two-strata sex model. 

 

 

 

Table 22: Parsing Cancer Incidence by Race: 

Endocrine System 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Endocrine System       2    265     22.7          11.4 

13.5-31.8    6.76-15.9 

0.33-8.22    0.16-4.11 

Thyroid          2    225     22.0          11.0 

13.2-30.9    6.59-15.5 

0.33-7.57    0.16-3.78 

Other Endocrine        4      31      33.6          8.39 

including Thymus         26.9-40.3    6.73-10.1 

         0-5.92         0-1.48 

         3      79      32.6          10.9 

24.4-40.7    8.14-13.6 

0.33-6.91    0.11-2.30 

---------------------------------------------------------------------- 
See Note to Table 3. 

Table 23 gives novometric results using 

sex to parse lymphoma incidence.  No statisti-

cally reliable model was found for Hodgkin-

extranodal.  Sex models for (combined) 

lymphoma and non-Hodgkin lymphoma-

extranodal categories, and for the two-strata 

non-Hodgkin lymphoma model, had model ESS 

95% CI that overlapped chance ESS 95% CI.   

A weak-moderate four-strata model emerged for 

non-Hodgkin lymphoma, and a moderate two-

strata model was found for Hodgkin lymphoma. 

Table 23: Parsing Cancer Incidence by Sex: 

Lymphoma 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Lymphoma        2    284      15.8          7.90 

6.54-25.1    3.27-12.6 

     0-7.89         0-3.94 

Hodgkin         2    289      36.5          18.3 

Lymphoma   27.8-45.4    13.9-22.7 

    0.33-7.57    0.16-3.78 

Hodgkin-Nodal        2    292      36.8          18.4 

28.2-45.4    14.1-22.7 

     0-7.89         0-3.94 

Non-Hodgkin        4      73      19.1          4.77 

Lymphoma            10.7-27.4    2.67-6.84 

     0-7.24         0-1.81 
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       2    299      12.8          6.42 

3.41-22.3    1.71-11.2 

0.33-8.22    0.16-4.11 

Non-Hodgkin        2    107      12.2          6.08 

Lymphoma-   5.01-19.2    2.51-9.62 

Nodal    0.33-5.59    0.15-2.80 

Non-Hodgkin        2    240      13.8          6.91 

Lymphoma-   4.59-22.8    2.30-11.4 

Extranodal        0-7.89         0-3.94 

---------------------------------------------------------------------- 
See Note to Table 1. No model emerged for Hodgkin-

Extranodal. 

Table 24 summarizes novometric analy-

sis using race to parse lymphoma incidence. For 

the combined lymphoma and non-Hodgkin 

lymphoma-nodal categories, the two-strata race 

and sex models yielded comparable weak per-

formance. For the Hodgkin lymphoma and 

Hodgkin-nodal categories, the race two-strata 

model achieved comparable (weak-moderate) 

ESS and greater efficiency than the four-strata 

model. In comparison, the sex two-strata models 

achieved greater (moderate) performance. For 

non-Hodgkin lymphoma the weak two-strata 

race model had lower ESS but was more 

efficient than the weak-moderate four-strata   

sex model (the two-strata sex model wasn’t 

statistically reliable).  In contrast, for non-

Hodgkin lymphoma-extranodal the weak two-

strata sex model had lower ESS and efficiency 

than the weak-moderate four-strata race model.  

Finally, while no statistically reliable sex model 

was obtained for Hodgkin-extranodal, the two-

strata race model had moderate-strong 

performance. 

Table 24: Parsing Cancer Incidence by Race: 

Lymphoma 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Lymphoma        2      94      16.4          8.22 

9.89-23.1    4.94-11.6 

     0-5.92         0-2.96 

Hodgkin         4      30      31.6          7.90 

Lymphoma          22.6-40.4    5.64-10.1 

         0-7.89         0-1.97 

         2    280      26.3          13.2 

17.2-35.3    8.60-17.7 

     0-7.89         0-3.94 

Hodgkin-Nodal        4      33      30.3          7.56 

21.5-39.0    5.38-9.74 

     0-7.89         0-1.97 

         2    261      25.3          12.7 

16.0-34.2    8.02-17.1 

0.33-7.57    0.16-3.78 

Hodgkin-        2    251      47.7          23.8 

Extranodal   39.4-55.8    19.7-27.9 

0.33-7.57    0.16-3.78 

Non-Hodgkin        2    109      14.8          7.40 

Lymphoma   7.65-21.8    3.82-10.9 

    0.33-6.25    0.16-3.12 

Non-Hodgkin        2      87      16.8          8.39 

Lymphoma-   10.2-23.3    5.13-11.6 

Nodal    0.33-5.59    0.16-2.80 

Non-Hodgkin        4      53      28.3          7.07 

Lymphoma-   19.5-37.1    4.87-9.27 

Extranodal        0-7.89         0-1.97 

---------------------------------------------------------------------- 
See Note to Table 3. 

Table 25 summarizes novometric analy-

sis using sex to parse myeloma incidence. The 

weak two-strata sex model had 95% CIs for 

model and chance which overlapped. 

Table 25: Parsing Cancer Incidence by Sex: 

Myeloma 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Myeloma        2    111      12.8          6.42 

5.63-20.0    2.82-10.0 

0.33-6.25    0.16-3.12 

---------------------------------------------------------------------- 
See Note to Table 1. 

Table 26 summarizes novometric analy-

sis using race to parse myeloma incidence.  As 

seen, a weak two-strata model was identified. 
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Table 26: Parsing Cancer Incidence by Race: 

Myeloma 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Myeloma        2      76      18.4          9.21 

12.4-24.6    6.21-12.3 

0.33-6.25    0.16-3.12 

---------------------------------------------------------------------- 
See Note to Table 3. 

Table 27 summarizes novometric analy-

sis using sex to parse leukemia incidence.  No 

statistically significant models emerged for five 

leukemia categories, and the models for acute 

lymphocytic leukemia and chronic myeloid leu-

kemia had lower bounds of 95% CIs for model 

accuracy and efficiency that overlapped corre-

sponding 95% CIs for chance. Statistically 

reliable models were obtained for six categories. 

Table 27: Parsing Cancer Incidence by Sex: 

Leukemia 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Leukemia        4      41      24.3          6.08 

15.4-33.1    3.86-8.26 

     0-7.89         0-1.97 

         2      84      15.1          7.56 

8.67-21.4    4.34-10.7 

     0-5.26         0-2.63 

Lymphocytic        2      50      15.8          7.90 

Leukemia   11.0-20.9    5.49-10.4 

         0-3.95         0-1.98 

Acute         2    275      16.1          8.06 

Lymphocytic   6.64-25.6    3.32-12.8 

Leukemia   0.33-8.22    0.16-4.11 

Chronic         2      72      15.1          7.56 

Lymphocytic   9.21-21.1    4.61-10.5 

Leukemia         0-5.26         0-2.63 

Other          2    189      20.7          10.4 

Lymphocytic   11.9-29.1    5.97-14.5 

Leukemia   0.33-7.57    0.16-3.78 

Myeloid and        2      64      12.5          6.25 

Monocytic   6.77-18.2    3.38-9.08 

Leukemia        0-4.61         0-2.31 

 

 

Acute         2      49      12.2          6.08 

Myeloid    7.20-17.3    3.60-8.66 

Leukemia   0.33-4.28    0.16-2.14 

Chronic         2    239      15.5          7.73 

Myeloid    6.27-24.5    3.14-12.3 

Leukemia   0.33-8.22    0.16-4.11 

---------------------------------------------------------------------- 
See Note to Table 1.  No model emerged for Acute Monocytic 

Leukemia; Other Myeloid/Monocytic Leukemia; Other Leuke-

mia; Other Acute Leukemia; or Aleukemic, Subleukemic and 

NOS=not otherwise specified. 

For sex, for (combined) leukemia, the 

weak-moderate four-strata model yielded 61% 

greater ESS and 38% lower efficiency versus 

the weak two-strata model. As the strongest 

effect in this section, this is another example of 

paradoxical confounding that serves to amplify 

the strength of an association found in analysis 

of combined data.
17

 The other weak-moderate 

effect occurred for another combined category, 

other lymphocytic leukemia. Weak two-strata 

models were found (for sex but not for race) for 

lymphocytic leukemia, chronic lymphocytic 

leukemia, myeloid and monocytic leukemia, and 

acute myeloid leukemia. 

Table 28 summarizes novometric analy-

sis using race to parse leukemia incidence.  No 

statistically significant models were obtained for 

three leukemia categories, and the models for 

(combined) leukemia and lymphocytic leukemia 

had lower bounds of 95% CIs for model ac-

curacy and efficiency which overlapped corre-

sponding 95% CIs for chance. Statistically 

reliable models were found for eight categories. 

Table 28: Parsing Cancer Incidence by Race: 

Leukemia 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Leukemia        2    119      11.5          5.76 

4.00-18.8    2.00-9.41 

0.33-6.25    0.16-3.12 

Lymphocytic        2    109      12.2          6.08 

Leukemia   4.99-19.6    2.50-9.79 

0.33-6.25    0.16-3.12 
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Acute         2    138      31.6            15.8 

Lymphocytic   24.3-38.9    12.2-19.5 

Leukemia        0-6.58         0-3.29 

Other         2    228      38.8          19.4 

Lymphocytic   30.2-47.2    15.1-23.6 

Leukemia        0-7.89         0-3.94 

Acute          4      69      60.9          15.2 

Monocytic          53.4-68.3    13.3-17.1 

Leukemia   0.33-8.22    0.08-2.06 

       2    218      57.2          28.6 

49.9-64.4    25.0-32.2 

     0-7.89         0-3.94 

Chronic         5      31      17.4          3.49 

Myeloid           11.8-23.3    2.36-4.65 

Leukemia   0.33-4.93    0.07-0.99 

         3      52      15.1          5.04 

8.42-22.0    2.81-7.34 

     0-5.92         0-1.97 

Other Myeloid/        2    224      46.7          23.4 

Monocytic   38.5-54.6    19.2-27.3 

Leukemia        0-7.89         0-3.94 

Other         2      91      26.0          13.0 

Leukemia    19.7-32.2    9.86-16.1 

0.33-5.59    0.16-2.80 

Other Acute        3        2      43.8          14.6 

Leukemia           36.6-50.8    12.2-16.9 

    0.33-6.91    0.11-2.30 

       2    159      43.1          21.5 

35.7-50.3    17.9-25.2 

0.33-6.91    0.16-3.46 

Aleukemic,        3    102      33.6          11.2 

Leukemic         27.1-40.0    9.05-13.3 

and NOS        0-5.92         0-1.97 

       2    185      30.6          15.3 

22.3-38.7    11.2-19.4 

0.33-7.57    0.16-3.78 

---------------------------------------------------------------------- 
See Note to Table 3.  No model emerged for Chronic Lympho-

cytic Leukemia; Myeloid and Monocytic Leukemia; or Acute 

Myeloid Leukemia. NOS= not otherwise specified. 

 Sex and race both yielded a 

statistically reliable two-strata model for the 

(combined) other lymphocytic leukemia 

category: the moderate performance of the race 

model was significantly greater than the weak-

moderate performance of the sex model. 

Notably stronger than the models found 

for sex, for race weak-moderate two-strata 

models were found for other leukemia and acute 

lymphocytic leukemia, and a moderate-strong 

binary model was obtained for other myeloid/ 

monocytic leukemia. The strongest race model 

was found for acute monocytic leukemia, for 

which the two-strata model had comparable 

accuracy and significantly greater efficiency 

than the four-strata model. The performance of 

this model is within rounding error of criterion 

for a strong effect (it correctly classified 64.5% 

of African Americans and 92.8% of whites). 

And, for race, a moderate-strong two-

strata model emerged for other acute leukemia 

(not tabled, in the three-strata model the 95% CI 

for the endpoint with two observations included 

zero and 100); a weak-moderate two-strata 

model emerged for aleukemic, subleukemic and 

NOS (the three-strata model had comparable 

ESS and lower efficiency); and a weak two-

strata model was found for chronic myeloid 

leukemia (the five-strata model had comparable 

ESS and lower efficiency). 

Table 29 summarizes novometric analy-

sis using sex to parse mesothelioma and Kaposi 

sarcoma incidence, and Table 30 summarizes 

novometric analysis using race to parse 

mesothelioma and Kaposi sarcoma incidence. 

As seen, sex and race obtained comparable 

weak-moderate two-strata models for 

mesothelioma.  For Kaposi sarcoma the 

moderate-strong two-strata sex model has 

significantly greater ESS and efficiency than the 

weak-moderate race model. 

Table 29: Parsing Cancer Incidence by Sex: 

Mesothelioma and Kaposi Sarcoma 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Mesothelioma        2    158      23.7          11.8 

15.8-31.7    7.88-15.8 

     0-7.24         0-3.62 

Kaposi Sarcoma        2    192      47.4          23.7 

39.8-55.0    19.9-27.5 

     0-7.24         0-3.62 

---------------------------------------------------------------------- 
See Note to Table 1. 
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Table 30: Parsing Cancer Incidence by Race: 

Mesothelioma and Kaposi Sarcoma 

Cancer Site              Strata   MinD        ESS         Efficiency 

---------------------------------------------------------------------- 

Mesothelioma        2    235      27.3          13.6 

18.2-36.1    9.08-18.0 

0.33-7.57    0.16-3.78 

Kaposi Sarcoma        2    253      19.4          9.71 

10.1-28.5    5.06-14.2 

0.33-7.57    0.16-3.78 

---------------------------------------------------------------------- 
See Note to Table 3. 

Discussion 

Novometric methods used presently 

specifically explored the descendant family of 

models which explicitly maximize accuracy 

(ESS) for S. If instead a model is sought that 

maximizes parsimony (efficiency) for S, then 

GO models obtained by application of MDSA to 

individual attributes should also be examined. In 

the present study maximum ESS models were 

sought that balanced ESS and efficiency, so as 

to prevent over-fitting as well as to promote 

cross-generalizability. Indeed, the characteristic 

nature of an excellent model is the capability to 

explain much (high ESS) using a minimum 

number of variables (high efficiency). Presently 

the bootstrap-based 95% CIs for model ESS 

were typically 10-50% of the magnitude (to 

either side) of the ESS point estimate. It remains 

unknown if constraining the models developed 

in SDA, CTA and MDSA (Axioms 2 and 3) to 

be jackknife-stable
1
 would reduce the width of 

bootstrap 95% CIs. 

It is interesting that using conventional 

statistical methods a 95% CI is developed for a 

model performance index, such as an odds ratio 

for example, and then a determination is made if 

the index value used to represent chance perfor-

mance (e.g., 1) is contained within the CI.
13,14

  

In contrast, in novometrics the classification 

performance (ESS) expected by chance is 

described by an exact 95% CI. In novometry the 

95% CI for model-based ESS is compared 

against the 95% CI for chance-based ESS. 

Substantively it is noteworthy that a 

moderate-strong effect was identified for four 

cancer sites by sex (larynx; cranial nerves, other 

nervous system; thyroid; Kaposi sarcoma), and 

for eight cancer sites by race (lip; trachea, 

mediastinum, and other; Cervix Uteri; testes; 

Hodgkin-extranodal; acute monocytic leukemia; 

other myeloid/monocytic leukemia; other acute 

leukemia). Race also emerged as a strong 

predictor for three cancer sites: eye and orbit; 

skin excluding basil; and melanoma of skin. 

Compared to sex, race identified 275% more 

relatively strong effects—evidenced by patient 

strata with strongly differing cancer incidence.  

In addition, race was much more likely 

than sex to identify GO models involving one 

attribute and three or more strata: 29 versus 3 

cancer sites, respectively. Rarely observed
21

 

prior to the development of novometry, 

unfolding research suggests granular parses of 

ordered attributes may underlie many, if not 

most, of classical data relationships. 

Finally, findings indicated that race is 

particularly susceptible to different types of 

paradoxical confounding. This issue may be 

exacerbated if more than two ethnic groups (as 

were studied presently) are involved. However, 

the different groups can simply be represented 

as a multicategorical variable, rather than being 

combined and risking paradoxical confounding. 

Multicategorical variables are easily analyzed 

using exact statistical procedures.
22
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