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Outline
• Project discussion
• Evaluation metrics for classifiers 
– Accuracy, error, precision, recall
– ROC curves, AUC metric
– Why multiple metrics

• Generative vs Discriminative Models
• Linear Discriminant Analysis (LDA)
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Project Topic Discussion
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• Room 1: Vision
• Room 2: Vision
• Room 3: NLP/Vision
• Room 4: NLP
• Room 5: Healthcare
• Room 6: Sports
• Room 7: Sports
• Room 8: Finance



Classification Metrics
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• Training set accuracy and error
• Testing set accuracy and error



Accuracy and Error
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Confusion Matrix
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Why One Metric is Not Enough
Assume that in your training data, Spam email is 1% of data, and 
Ham email is 99% of data
• Scenario 1
– Have classifier always output HAM!
– What is the accuracy?

• Scenario 2
– Predict one SPAM email as SPAM, all other emails as 

legitimate
– What is the precision?

• Scenario 3
– Output always SPAM!
– What is the recall?

99%

100%

100%
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Precision & Recall
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F-Score
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A Word of Caution
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A Word of Caution
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Classifiers can be tuned

• Logistic regression sets by default the 
threshold at 0.5 for classifying positive and 
negative instances

• Some applications have strict constraints on 
false positives (or other metrics)
– Example: very low false positives in security (spam)

• Solution: choose different threshold

T

T

Higher T, lower FP
Lower T,  lower FN
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ROC Curves

• Receiver Operating Characteristic (ROC)
• Determine operating point (e.g., by fixing false positive rate)
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ROC Curves

• Receiver Operating Characteristic (ROC)
• Determine operating point (e.g., by fixing false positive rate)

Perfect 
classification

Random 
guessing

Better

One classifier for 
fixed threshold
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Performance Depends on Threshold
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T
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ROC Curve
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ROC Curve
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ROC Curve
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ROC Curves

• Another useful metric: Area Under the Curve (AUC)
• The closest to 1, the better! 

AUC 
(Area Under 
the Curve)
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Area Under the ROC Curve
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ROC Example
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ROC Example
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ROC Example
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ROC Example
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