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Outcome: Binary classifier (0/1) derived from a classification in a diagnostic test

Classification derived by cutoff on an ordinal or continuous predictor

Example: Assume we want to develop a test based on a biomarker e.g. NT-proBNP, d-

dimer, etc

Detection of disease based a cutoff value of the biomarker.

Higher values of biomarker indicative of disease
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Outcome: Binary classifier (0/1) derived from a classification in a diagnostic test

Classification derived by cutoff on an ordinal or continuous predictor

Example: 

Suppose we have a new diagnostic tool that measures this biomarker

Q: Can we access the performance of a new diagnostic test somehow in detecting the 

disease?
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Classification is based on a threshold or score value taken as a cut-off point

no disease disease

Biomarker scale
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Sensitivity and Specificity
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Sensitivity =
1

3
(33.3%), Specificity =

1

3
(33.3%)
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Sensitivity =
0

3
(0.0%), Specificity =

3

3
(100.0%)
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Sensitivity =
3

3
(100.0%), Specificity =

0

3
(0.0%)
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Trade-off between sensitivity and specificity depending on the cutoff threshold

What to do? Well, we can “average” the performance of a new diagnostic tool by using the 

ROC analysis
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Trade-off between sensitivity and specificity depending on the cutoff threshold

What to do? Well, we can “average” the performance of a new diagnostic tool by using the 

ROC analysis

Swipe through a range of cutoff-points and plot 1-specificity vs. sensitivity

False-positive rate vs true positive rate
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Swipe through a range of cutoff-points 

and plot 1-specificity vs. sensitivity

False-positive rate vs true positive rate
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Swipe through a range of cutoff-points 

and plot 1-specificity vs. sensitivity

False-positive rate vs true positive rate

45-degree line - chance diagonal

Average value of the sensitivity for a test 

over all possible values of specificity
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Swipe through a range of cutoff-points 

and plot 1-specificity vs. sensitivity

False-positive rate vs true positive rate

45-degree line - chance diagonal

Average value of the sensitivity for a test 

over all possible values of specificity

comparison of different tests if

used on common scale
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ROC: 

Main Question: how to access visually 

and computationally the variability of ROC?

Q1: How does the average ROC look like?

Q2: And how do the confidence bands 

of ROC look like?
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Q1: how does the average ROC curve look like?

Simple averaging along the false-positive rate?

Different for every individual ROC curve

Does not account for the 2-dimensionality of the ROC curve

Threshold averaging as given by Fawcett [1]

Basic idea: generate a set of thresholds, then for each threshold find the corresponding 

point of each ROC curve and averages them 
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Q1: how does the average ROC curve look like?

Threshold averaging as given by Fawcett [1]

Basic idea: generate a set of thresholds, then for each threshold find the corresponding 

point of each ROC curve and averages them. 
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Q2: And how do the confidence bands 

look like?
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Q2: And how do the confidence bands 

look like?

Core idea: Bootstrapping
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Q2: And how do the confidence bands 

look like?
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Q2: And how do the confidence bands 

look like?
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Q2: And how do the confidence bands 

look like?

Idea from Campbell , G. (1994) [2]
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Q2: And how do the confidence bands 

look like?

3 simple steps:

1. Identify the slope by which to displace

the original ROC curve
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Q2: And how do the confidence bands 

look like?

3 simple steps:

1. Identify the slope by which to displace

the original ROC curve

2. From original sample D, we generate D* 

by B bootstraps. Calculate aveROC for each D*
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Q2: And how do the confidence bands 

look like?

3 simple steps:

1. Identify the slope by which to displace

the original ROC curve

2. From original sample D, we generate D* 

by B bootstraps. Calculate aveROC for each D*

3. Find maximum distance from original aveROC

curve to each of the aveROC curves of the B bootstrap samples
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Q2: And how do the confidence bands 

look like?

3 simple steps:

1. Identify the slope by which to displace

the original ROC curve

2. From original sample D, we generate D* 

by B bootstraps. Calculate aveROC for each D*

3. Find maximum distance from original aveROC

curve to each of the aveROC curves of the B bootstrap samples

3*. Take 1-delta (delta i.e. 0.05) quantile of these maxima,

so that the (1-delta) % of the curves lie completely within the generated bands.
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Algorithm to find the maximum distance between 2 ROC curves

This is what 1000 bootstrapped samples and

calculated the aveROC look like
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Algorithm to find the maximum distance between 2 ROC curves

• Where would you expect the 

maximum distance in direction of

the slopes to be?
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Algorithm to find the maximum distance between 2 ROC curves

• Where would you expect the 

maximum distance in direction of

the slopes to be?
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Algorithm to find the maximum distance between 2 ROC curves

• Zoom on the area
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Algorithm to find the maximum distance between 2 ROC curves

• Zoom on the area

• add lines above the original aveROC 

in the direction of the slope

• Where would the green lines cross

the red ones?
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Algorithm to find the maximum distance between 2 ROC curves

• Zoom on the area

• add lines below the original aveROC 

in the direction of the slope, in cases

where the red ROC would lie 

below the black ROC
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Algorithm to find the maximum distance between 2 ROC curves

• Make it easier

• Just add lines that run through the 

original ROC points in direction of the slope
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Algorithm to find the maximum distance between 2 ROC curves

• Make it easier

• Just add lines that run through the 

original ROC points in direction of the slope

Mini steps:

• where do the green lines cross the red ones?

• and what is the distance between these points?
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Algorithm to find the maximum distance between 2 ROC curves

Mini steps:

• where do the green lines cross the red ones?

• and what is the distance between these points?

Once the maximum between original and 

bootstrapped ROC curve is found 

→ store it!

→ and repeat for all other B bootstraps, 

i.e. find the maxima to all the other   
bootstrapped aveROC curves.
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Algorithm to calculate the fixed-width bands

Result:

• Vector V of length B 

• Take the (1 − 𝛿)-quantile of this vector 𝑄1−𝛿

To get the fixed width interval points:
• Add/subtract the distance 𝑄1−𝛿 from the 

original points of the ROC curve in direction of 

the slope to receive the points of the fixed-

width confidence bands



Algorithm 2: Fixed-width confidence bands

Let’s ROC: An empirical approach to confidence intervals of 

Receiver-Operator Characteristic curves.

38

Algorithm to calculate the fixed-width bands

Result:

• Vector V of length B 

• Take the (1 − 𝛿)-quantile of this vector 𝑄1−𝛿

To get the fixed width interval points:
• Add/subtract the distance 𝑄1−𝛿 from the 

original points of the ROC curve in direction of 

the slope to receive the points of the fixed-

width confidence bands
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• We introduced the concept of a clinical diagnostic test with binary outcome

• We introduced ROC curve as a means of accessing performance of a diagnostic test

• We introduced how to calculate the average ROC curve from multiple assessments

• We introduced bootstrapping and how to calculate the fixed-width bands around ROC 

curve

• Details will be given in a paper or subsequent presentation(s)

− How to get the math equations of all the necessary pieces and put them together

− Details to pay attention to and the process to get to

− Pseudo-code for the algorithm
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