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For bounds on TPR and FPR, two-
way AUC measures the probability 
of area A.


It does not measure avg sensitivity 
nor avg specificity, like AUC.

AUC = avgSens = avgSpec
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Problems with the Two-Way AUC1



• applies conditions to a normalized U statistic, which do not match a partial C stat


• is compared* by the authors to a biased measure: the partial AUC


• is introduced to choose between two models, not measure the performance of one


• is a variation of Carrington et al.'s local concordance2--explained next, which is 
discarded as flawed/insufficient toward developing the concordant partial AUC 


• is a misleading special case: it measures a patient subgroup in isolation (next)

Problems with the Two-Way AUC1

*Two-way AUC's result was better than partial AUC which only has a vertical perspective.



Measuring subgroups in isolation misses information: two-way 
AUC1 does not add up to AUC2 for sets spanning the ROC curve 

Two-way AUC (and local concordance) for three subgroups that span the ROC curve.  They do not 
add up to the AUC or C statistic because they lack information from green cells without check marks.
The figure above is from Carrington et al.15 with a purple line added for enhancement.

Two-way AUC measures bounded

Local concordance measures local



• is not the general case (for the same bounds): measuring how we discriminate 
between a subgroup of instances/patients and all patients2,3,4,5,6,7.


• the general case measures sensitivity and specificity, as in the concordant 
partial AUC. An area that two-way AUC claims to be redundant, is relevant*.

Problems with the Two-Way AUC1

*The vertical area that two-way AUC ignores, is relevant, and the horizontal area is also required.



Consider two ROC curves

ROC curves are shown for predictions of 1-year remission of breast cancer in Ljubljana data [cite] with 30% prevalence.  
Assume equal costs of error to simplify ROC analysis.  Which is better for FPR < 20%?  We examine this next...

Support Vector Machine (SVM)Neural Network (NN)
Support Vector Machine (SVM)Neural Network (NN)

AUC = 84.76%AUC = 85.96%



Two-way AUC: NN has 0.2% more area  
than SVM, exceeding the constraints.

NN 2-way AUC 11.7%    +      
SVM 2-way AUC 11.5%    +      

Two-way AUC suggests NN
is better.



Deep ROC and the concordant partial AUC: SVM is 
better in AUCn1 +0.7% and average specificity +2.5%,  

but worse in average sensitivity -0.6%

Deep ROC analysis uses absolute measures instead with probabilistic meaning.  SVM also has the better 
optimal ROC point (red dashed line).

SVM avgSpec 98.3%  +2.5%

NN avgSpec 95.8%

NN  avgSens 58.3%

NN 2-way AUC 11.7%    +       AUCn1 = 87.8%
SVM 2-way AUC 11.5%    +       AUCn1 = 88.5% +0.7%

SVM   avgSens 57.7%  -0.6%

Both blue and red areas
improve the average height.

Red improves avg width/spec

Blue is net new; detracts from avg width/spec.



References
1. Yang H, Lu K, Lyu X, Hu F. Two-way partial AUC and its properties. Statistical methods in medical research. 2019 

Jan;28(1):184-95.

2. Carrington AM, Fieguth PW, Qazi H, Holzinger A, Chen HH, Mayr F and Manuel DG. A new concordant partial AUC and 

partial c statistic for imbalanced data in the evaluation of machine learning algorithms, BMC Medical Informatics and 
Decision Making 20, 4 (2020) doi:10.1186/s12911-019-1014-6.


3. McClish DK. Analyzing a portion of the ROC curve. Medical Decision Making. 1989 Aug;9(3):190-5.

4. Thompson ML, Zucchini W. On the statistical analysis of ROC curves. Stat Med. 1989;8:1277–90.

5. Carrington AM, Manuel DG, Fieguth PW, Ramsay T, Osmani V, Wernly B, Bennett C, Hawken S, Magwood O, Sheikh Y, 

McInnes M, Holzinger A. Deep ROC Analysis and AUC as Balanced Average Accuracy for Improved Model Selection, 
Audit and Explanation (preprint). arXiv:0706.1234v2 [stat.ME].


6. Buolamwini J, Gebru T. Gender shades: Intersectional accuracy disparities in commercial gender classification. In 
Conference on fairness, accountability and transparency 2018 Jan 21 (pp. 77-91). PMLR.


7. Jiang Y, Metz CE, Nishikawa RM. A receiver operating characteristic partial area index for highly sensitive diagnostic tests. 
Radiology. 1996 Dec;201(3):745-50.



The End
http://www.deeproc.org


https://github.com/Big-Life-Lab/deepROC
acarrington at toh.ca

http://www.deeproc.org

