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Mean scores on a continuous dependent measure are compared across 

three or more groups using one-way analysis of variance (ANOVA). If 

a statistically significant overall or “omnibus” effect emerges, then a 

multiple comparisons procedure is used to ascertain the exact nature of 

any interclass differences. In contrast, the dependent measure may be 

compared between classes with UniODA to assess if thresholds on the 

dependent measure can discriminate the classes. If the resulting ESS 

accuracy statistic for the overall effect is statistically reliable then an 

optimal (maximum-accuracy) range test is employed to ascertain the 

exact nature of interclass differences. ANOVA and UniODA are used 

to investigate the differences between n=377 white, n=378 African 

American, and n=257 Hispanic patients with HIV-associated Pneumo-

cystis carinii pneumonia (PCP) on two laboratory tests (albumin and 

alveolar-arterial oxygen difference) associated with PCP outcomes. 

 

 

Data for a random sample of n=1,012 patients 

with PCP included the three-category class vari-

able race (white=1; African American=2; His-

panic=3), and two attributes: albumin (g/dl) and 

the alveolar-arterial oxygen difference (AAO2, 

mm Hg), both predicting PCP outcome.
1-3

 De-

scriptive data for these attributes are given by 

race in Table 1.  

 

Table 1: Descriptive Statistics for Albumin and AAO2 Laboratory Data by Race

 

Albumin, g/dl  African  

 White American Hispanic 

n 377 378 257 

Mean 2.91 2.95 3.06 

SD 0.64 0.73 0.82 

Median 2.90 3.00 3.10 

CV 22.0 24.6 26.8 

Skewness 0.15 1.46 1.26 

Kurtosis 1.26 14.0 10.0 

 

AAO2, mm Hg  African  

 White American Hispanic 

n 377 378 257 

Mean 50.5 50.0 43.7 

SD 27.8 28.7 21.6 

Median 46.0 46.6 41.2 

CV 55.1 57.4 49.4 

Skewness 1.84 1.85 0.79 

Kurtosis 5.96 5.37 1.06 
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One-Way ANOVA 

 Eyeball analysis suggests that White and 

African American patients obtain essentially the 

same mean score on both labs. For the Hispanic 

patients the mean AAO2 score is lower and the 

mean albumin score is higher than for the other 

patients, but mean differences are much smaller 

than the SD so any statistically significant effect 

which may be identified will be weak. 

Evaluated using the general linear model 

(GLM) paradigm the post hoc hypothesis that 

race categories have different mean laboratory 

test scores for albumin and AAO2 is tested via 

one-way ANOVA (not presented here the initial 

analysis involves a multivariate t-test, which if it 

is statistically significant is usually subsequently 

followed by the analyses presented below as a 

means of disentangling the multivariate effect
4
). 

Albumin. The omnibus effect of race was 

significant at the experimentwise criterion (for 

two tests of statistical hypotheses, p<0.05): F(2, 

1,009)=3.7, p<0.026. The extremely weak R
2
= 

0.73 reveals the GLM model accounts for one- 

one-hundred-and-thirty-second of total variation 

in albumin observed between classes.
4
 

The omnibus effect was disentangled by 

multiple comparisons procedures (MCPs), and 

most comparing 95% confidence intervals (CIs) 

reported no significant pairwise effects (Sheffe, 

t-test, studentized maximum modulus, Sidak t-

test). Gabriel’s CIs indicated white patients had 

higher mean albumin than Hispanic patients, 

with African American patients between and ns 

relative to either other patient group. This same 

pattern was identified by all of the range test-

based MCPs employed, including Sidak t-tests, 

Sheffe’s test, LSD t-test, Duncan multiple range 

test, Ryan-Einot-Gabriel-Welsch multiple range 

test, Tukey’s studentized HSD range test, and 

studentized maximum modulus. MCPs index p 

but not the strength of observed differences. The 

determination of which is the appropriate MCP 

to use in a given application is an important part 

of parametric analyses.
4
 

 

AAO2. The omnibus effect of race was 

significant at the experimentwise criterion (for 

two tests of statistical hypotheses, p<0.01): F(2, 

1,009)=5.7, p<0.0033. The extremely weak R
2
= 

1.1 reveals the GLM model accounts for one- 

eighty-ninth of the total variation in AAO2 ob-

served between classes. MCPs comparing 95% 

CIs were split: studentized maximum modulus, 

Sidak t-test and Sheffe’s CIs all reported ns, and 

Gabriel’s CIs and t-test CIs both found (White = 

African American)>Hispanic. This same pattern 

was found by all the range test-based MCPs: 

Sidak t-tests, Sheffe’s test, LSD t-test, Duncan 

and Ryan-Einot-Gabriel-Welsch multiple range 

tests, Tukey’s studentized HSD range test, and 

the studentized maximum modulus range test. 

Optimal Range Test 

 Ambiguity over the appropriate MCP to 

use which exists in the GLM paradigm does not 

exist in the ODA paradigm. Figure 1 helps visu-

alize interclass differences in albumin, and Fig-

ure 2 helps to visualize the interclass differences 

in AAO2. 

Figure 1: Raw Albumin Data by Class 

 
      White           African American      Hispanic 
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Figure 2: Raw AAO2 Data by Class 

 
        White           African American      Hispanic 

Figure 1 shows a high degree of overlap 

between classes. Figure 2 also shows substantial 

distributional overlap, though white and African 

American patients have a minority of AAO2 

values which are greater than 120 mm Hg, while 

Hispanic patients have no AAO2 values greater 

than this threshold. 

Albumin. The omnibus class effect was 

statistically significant
6
 at the experimentwise 

criterion: estimated p<0.0158, with confidence 

for p<0.0254 of >99.9% in 5,000 Monte Carlo 

iterations. The model yielded weak accuracy in 

classifying different races (ESS=8.1), and weak 

predictive value in making classifications 

(ESP=14.7).
7
 The model was: if albumin<1.45 

g/dl then predict that class=African American; if 

1.45 g/dl<albumin<3.45 g/dl then predict class= 

white; and if albumin>3.45 g/dl then predict that 

class=Hispanic. The model is symbolically rep-

resented as follows: AA < W < H: resolving re-

maining ambiguity requires determining if any 

equality sign should be made a strict inequality. 

The resulting confusion model is given in Table 

2: as seen, most (100%-2.4%=97.6%) of the Af-

rican American patients were misclassified. 

 

Table 2: Initial Omnibus ODA Model 

Confusion Table for Albumin 
--------------------------------------------------------------- 

                              Predicted Class 

                             W       AA        H 

Actual         W     307        3           67         81.4% 

Class           AA   291        9           78           2.4% 

                    H      169        5           83         32.3% 

                          40.0%   52.9%  36.4% 

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

The initial step of this optimal range test 

starts at the left-hand side of the current model, 

and the pairwise comparison AA<W is made 

with the Monte Carlo simulation parameterized 

for two tests of statistical hypotheses (the initial 

analysis and the present analysis). For this anal-

ysis estimated p<0.82 with >99.99% confidence 

for p>0.10. The symbolic notation is updated: 

(AA = W) < H. 

The final step of this optimal range test 

involves resolving the remaining equality. This 

is accomplished by combining class categories 

AA and W and then running the directional Uni-

ODA analysis testing if class H is greater than 

the combined class AA and W. For this analy-

sis: estimated p<0.0006; >99.9% confidence for 

p<0.017 (Sidak criterion for 3 tests of statistical 

hypotheses, experimentwise p<0.05); with weak 

accuracy (ESS=13.9) and predictive value (ESP 

=14.2). The symbolic representation is finalized: 

(AA = W) < H: the albumin levels of African 

American and white patients are statistically 

comparable and significantly lower than the al-

bumin levels observed for Hispanic patients. 

The model was: if albumin<3.45 g/dl then pre-

dict class is African American and white; and if 

albumin>3.45 g/dl predict class is Hispanic. The 

resulting confusion model is given in Table 3. 

As seen, the final model does well in classifying 

and predicting the African American and white 

patients: sensitivity=80.8% and predictive value 

=77.8% 
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Table 3: Final ODA Model Confusion Table 
--------------------------------------------------------------- 

                              Predicted Class 

                              AA+W        H 

Actual      AA+W     610         145             80.8% 

Class                H      174           83             32.3% 

 

                                 77.8%    36.4% 

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

AAO2. The omnibus class effect was not 

statistically significant: estimated p<0.15, confi-

dence for p>0.0254 of >99.99% in 100 Monte 

Carlo iterations. The model yielded weak accu-

racy in classifying different races (ESS=7.6), 

and weak predictive value in making classifica-

tions (ESP=14.7).
8
 

ODA and GLM disagree on the findings. 

For albumin both methods agree that the white 

and African American patients have statistically 

comparable data. ODA finds white and African 

American patients’ scores are lower than for 

Hispanic patients (ESS=13.1; the weak model is 

able to achieve 1/8 of the possible improvement 

in classification accuracy which remains beyond 

chance
7
). In contrast GLM had several different 

findings based on MCP, however the regression 

model underlying the one-way ANOVA was 

able to explain 1/132 of the variation in means 

between groups (unlike ESS, for which the level 

of classification accuracy expected by chance is 

normed for any application as being zero, R
2
 is 

not normed to reflect chance). 

For AAO2, ODA identifies a statistically 

insignificant effect, and ANOVA reports several 

findings based on MCP used that account for 

1/89 of the criterion index of performance. 

The difficulty of the analysis, involving 

comparing three groups having a tiny difference 

on an ordered measure with many levels, causes 

incorrect parameterization
6
 of the MC simulator

 

(not running rule-out before rule-in analysis
9,10

) 

to increase solution time by 2,636%, even using 

the present relatively modest overall sample size 

of about a thousand observations. 
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