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Notation
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Confidence measures could be important in some real scenarios.
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An illustration
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What happens if the 
confidence is 90% ?

The problem modern neural networks: overconfidence.
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Miscalibration

ResNet 101, Cifar 100
Samples with 80%-85% confidence

Miscalibration

The ResNet’s accuracy is better but not match its confidence.
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Outline

How can we measure/visualize miscalibration ?

What makes neural networks miscalibrated ?

How can we correct miscalibration ?



7

The first question

How can we measure/visualize miscalibration ?
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Measure miscalibration
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Measure miscalibration

  
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Avg conf:

Accuracy:

0.86

0.71

0.74

0.67

0.55

0.50

Gap: 0.05

15

2 x 0.17 0.156 x 7 x

Expected Calibrated Error (ECE) = 0.11


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Expected Calibrated Error (ECE)

Naeini et al. Obtaining well calibrated probabilities using bayesian binning. AAAI, 2015

➢ Perfectly calibrated model: 

➢ Miscalibration is difference between expected confidence and accuracy (ECE):

➢ ECE can be approximated by:

➢ Where:
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Visualize miscalibration

Avg conf:

Accuracy:
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Reliability Diagrams 

Niculescu-Mizil et al. Predicting good probabilities 
with supervised learning. ICML, 2005
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The second question

What makes neural networks miscalibrated ?



13

Neural network evaluation

Accuracy = 55.1% Accuracy = 69.4%

2005: neural networks are calibrated.
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LeNet (1998)
CIFAR-100

Confidence

ResNet (2016)
CIFAR-100

2017: neural networks are miscalibrated.
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Increased network capacity
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Varying Depth
ResNet - CIFAR100

Fix filters per layer at 60
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Varying Width
ResNet-14 - CIFAR100

Fix the depth at 60
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Batch normalization & Less regularization

Using Normalization
ConvNet – CIFAR-100
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Varying Weight Decay
ResNet-110 CIFAR-100
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NLL overfitting

Negative log likelihood:

The net work learns better 

classification accuracy at expense 

of well-modeled probabilities.



17

The third question

How can we correct miscalibration ?



Temperature scaling
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Temperature scaling

➢ Class prediction: 

➢ Confidence score:

➢ Calibrated confidence:

Temperature min(NLL) on validation set after training

➢ Temperature scaling does not affect the model’s accuracy.
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Calibration results 
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Calibration results 
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Conclusion

• Modern neural network tend to be miscalibrated.

• Factors: model capacity, batch normalization, weight decay.

• Simple solution: temperature scaling.
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