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Ordinal rating scales (ORS)

�ORS are often used in biomedical fields to measure clinical 
outcomes

�When objects are rated twice using an ORS, ratings mayvary

�Category distinguishability is a major component of the
reproducibility of their ratings

�Log-linear non-uniform association models (NUA) are able to 
detect and to test patterns of distinguishability

�Objective:to investigate the ability of reproducibility designs
to detect significant heterogeneity among distinguishabilities 
using these models



Method: log-linear models (1)

Contingency table 
for ORS with 5 grades
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Method: log-linear models (2)
Non-Uniform Association (NUA)
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Method: power estimation in NUA models

� Simulation of Full Multinomial distributions

� where             

� We assume 

– marginal homogeneity between readers

– homogeneous marginal distribution within reader

� fixed � non-linear system of 4 equations 

with 4 unknown parameters (DFSANE, LaCruz et al. 2006)
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Method: power estimation in NUA models

453423120 : ββββ ===H

342345121 : ββββ =>=H

453423121 : ββββ ==<<H

� Simulated association patterns: definition ofH0 andH1

� Simulations = 10000

proportion of significant NUA models underH1 (Power)

andH0 (Type I error)
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Results (1) KH == 45121 : ττ3: 453423120 ==== ττττH

N = 250
N = 200
N = 150
N = 100
N =   50



Results (2) KH =121 :τ3: 453423120 ==== ττττH

N = 250
N = 200
N = 150
N = 100
N =   50



Results : power as a function of N and K
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3: 453423120 ==== ττττH

KH == 45121 : ττ KH =121 :τ



Results : power as a function of N and K
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3: 453423120 ==== ττττH

KH == 45121 : ττ KH =121 :τ

Nominal level of Type one error Power above 80%



Results : power as a function of N and K
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Conclusion� results in a 5 x 5 table

� Simulations done with � reasonable

assumption in agreement studies

� For                  NUA models are able to detect (>80%)

– � DD < .20

– � DD > .90

30 =Hτ

25.1<Kτ

10>Kτ

200≥N



Discussion: what’s next ?

�How do marginal heterogeneity impact NUA models
for heterogeneity of degree of distinguishability
detection ?

�Application to I x I contingency tables (I=3,4,6,7)

�R package � loglinear association, 

� sample size calculation for agreement
studies
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APPENDIX



Results (1) KH == 45121 : ττ3: 453423120 ==== ττττH
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Results (2) KH =121 :τ3: 453423120 ==== ττττH

.94.93.93.92.92.91.90.89.88.86.83.80.75.67.50.00

2.772.712.642.562.482.402.302.202.081.951.791.611.381.10.69.00

1Hτ

1Hγ

1Hβ



Method: power estimation in NUA models

� Estimation of simulations parameters
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Method: power estimation in NUA models

� Simulation of a 5 x 5 table with an association pattern
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ORS: examples

Cat. 1

Intensity of a response

Absent

Mild

Moderate

Important

Severe

Cat. 2

Cat. 3

Cat. 4

Cat. 5

Pathology grading system

Grade cannot be assessed

Well differentiated (low grade)

Moderately differentiated
(intermediate grade)

poorly differentiated
(high grade)

Undifferentiated (high grade)



ORS: reproducibility and contingency tables

Cat. 1

Cat. 2

Cat. 3

Cat. 4

Cat. 5

Ratings reproducibility

Observer A

Observer B

N patients 

Contingency table
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