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▪Quantitative framework for testing accuracy
▪ Sensitivity & specificity
▪ ROC
▪ Positive / negative predictive values
▪ Likelihood ratios

2Testing & Diagnostics
Learning Objectives
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3Testing & Diagnostics
2x2
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4Testing & Diagnostics
Biomarker
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5Testing & Diagnostics
Biomarker
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6Testing & Diagnostics
Biomarker
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▪ A sensitive test is a test that rarely misses diseases (few false 
negatives) - i.e. with small Type II error.
▪ A specific test is a test that does not misclassify people as 

diseased when they’re not (few false positives) - i.e. with small 
Type I error.

7Testing & Diagnostics
Sensitivity & Specificity
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▪ Sensitivity = 
 

▪ Specificity =  

8Testing & Diagnostics
Sensitivity & Specificity

TP

TP + FN

TN

TN + FP
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▪ Sensitivity =                       = True Positive Rate  
 

▪ Specificity =                       = True Negative Rate

9Testing & Diagnostics
Sensitivity & Specificity

TP

TP + FN

TN

TN + FP
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▪ Sensitivity and specificity are both needed to evaluate test!

▪ Example 1: 100% sensitive test 
 

▪ Example 2: always positive “test”

10Testing & Diagnostics
Sensitivity & Specificity
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11Testing & Diagnostics
Biomarker
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Biomarker
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13Testing & Diagnostics
ROC Curve
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ROC Curve
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ROC Curve
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16Testing & Diagnostics
ROC Curve
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ROC Curve
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ROC Curve
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19Testing & Diagnostics
Biomarker
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20Testing & Diagnostics
Different cutoffs

cutoff sensitivity specificity

0.1 0.95 0.2

0.2 0.9 0.45

0.3 0.85 0.6

0.4 0.8 0.7

0.5 0.75 0.85

0.6 0.65 0.9

0.7 0.55 0.9

0.8 0.4 0.95

0.9 0.2 0.95



Di
gi

ta
l E

pi
de

m
io

lo
gy

 L
ab

    
 B

IO
-5

21
    

  S
pr

ing
 se

m
es

te
r 2

02
5

21Testing & Diagnostics
ROC Curve
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22Testing & Diagnostics
ROC Curve
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23Testing & Diagnostics
ROC Curve
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24Testing & Diagnostics
Positive predictive value
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25Testing & Diagnostics
Positive predictive value
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26Testing & Diagnostics
Positive predictive value
▪ Imagine you are getting diagnosed with a positive test. What is the 

probability that you actually have the disease?  

▪ Initial intuition: depends on accuracy of test
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27Testing & Diagnostics
Positive predictive value
▪ Example: 

- Test sensitivity: 92%  
- Test specificity: 91%  
- Disease prevalence: 0.9%  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28Testing & Diagnostics
Positive predictive value
▪ Disease prevalence is essential. Careful: which population are we 

looking at?  

▪ E.g. Cancer prevalence in general population < Cancer 
prevalence in a high risk population. 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29Testing & Diagnostics
Bayes’ Theorem
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30Testing & Diagnostics
Bayes’ Theorem
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31Testing & Diagnostics
Bayes’ Theorem
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32Testing & Diagnostics
Positive predictive value
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33Testing & Diagnostics
Positive predictive value
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34Testing & Diagnostics
Positive predictive value
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36Testing & Diagnostics
Likelihood ratios
▪ Prevalence = pre-test probability of having disease
▪ Positive predictive value = post-test probability of having disease  
 
It would be nice to transform one into the other! 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37Testing & Diagnostics
Likelihood ratios
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38Testing & Diagnostics
Likelihood ratios
▪ Likelihood ratios work most easily with odds, not probabilities 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39Testing & Diagnostics
Likelihood ratios
▪ post-test odds = LR * pre-test odds



Di
gi

ta
l E

pi
de

m
io

lo
gy

 L
ab

    
 B

IO
-5

21
    

  S
pr

ing
 se

m
es

te
r 2

02
5

40Testing & Diagnostics
Likelihood ratios
▪ post-test odds = LR * post-test odds
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41Testing & Diagnostics
Rule in, rule out
▪ “SpPIn, SnNOut”, which stands for “specific, positive, rule in” and 

“sensitive, negative, rule out
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42Testing & Diagnostics
Rule in, rule out
▪ “SpPIn, SnNOut”, which stands for “specific, positive, rule in” and 

“sensitive, negative, rule out


