Letters

COMMENT & RESPONSE

Use the Receiver Operating Characteristic to Assess
Model Accuracy

To the Editor Wang et al' examined the ability of the receiver
operating characteristic (ROC), which assesses discrimina-
tion (order of predictions) but not calibration (how close the
predictions are to the observed value), to assess amodel’s pre-
dictive accuracy. They concluded that the ROC “does not di-
rectly quantify the prediction accuracy of the model”! be-
cause it does not assess calibration. They proposed quantifying
amodel’s predictive accuracy using the mean absolute differ-
ence (MAD), which does use calibration.

A constitutive characteristic of MAD is that it is not scale
invariant, which means that MAD’s accuracy will vary with the
time interval of the model (5-year model vs 10-year model) and
that 2 models can only be directly compared if they have the
same time interval. Another characteristic of MAD is that it can-
not deal with unequal allocation of outcomes; when there is
an unequal outcome frequency, the model can achieve a high
accuracy by simply predicting the most frequent outcome. In
addition, when using MAD to optimize calibration, it may
change the order of the predictions, thus decreasing discrimi-
nation. Finally, MAD is sensitive to outliers. These MAD-
related issues can result in models that select incorrect treat-
ments and make inaccurate outcome predictions. In addition,
if 2 randomized clinical trials have different time intervals, MAD
may compromise our ability to compare the efficacy of their
treatments.

There are a number of reasons why Somers,? who was well
aware of MAD, developed the ROC in 1962. The ROC assesses
a model’s ability to discriminate between outcomes over the
entire range of the model’s predictions (all sensitivity/
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specificity pairs), and it allows us to compare different mod-
els. The ROC is scale invariant. Furthermore, it is not sensi-
tive to unequal allocation of outcomes, the size of the
population, skewed populations, outliers, and the preva-
lence of the disease in the population. Finally, the predic-
tions of a poorly discriminating model trained with calibra-
tion cannot be improved, whereas the predictions of a highly
discriminating model can be improved by a calibration
postprocessor.? Thus, the proper approach to predictive ac-
curacy is to optimize model discrimination and then, if nec-
essary, apply a calibration postprocessor.
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