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Receiver operating characteristic curves (RO
C

s) are a w
idespread method to 

represent the error rates of binary classifiers as a discrimination threshold varies. A 
typical problem in RO

C
 analysis is to test whether several RO

C
s are significantly 

different, in order to compare the corresponding classification models. In this 
context, nonparametric methods are particularly useful, because of usual lack of 
know

ledge on the underlying stochastic behaviour. The authors have recently 
introduced a novel nonparametric method, based on handling RO

C
s as cumulative 

distribution functions, in order to test for equality of several RO
C

s, both in paired 
and independent samples. This technique is quite flexible in that it can incorporate a 
plethora of distance measures, weights, aggregation type (supremum or average), 
and resampling regime (permutations or bootstrap). H

ere an R package is presented 
that implements the new method, besides omnibus versions of other traditional 
nonparametric ones (AU

C
, Venkatraman's, etc). A comparison is done w

ith respect 
to other RO

C
-related R packages (RO

C
R, Bioconductor-RO

C
) and conversion 

tools to transfer data betw
een them is provided. 

P
roblem

:  given k  empirical RO
C

 curves, do they differ significantly?, that is to test
H

0 :  RO
C

1  =
 …

 =
 RO

C
k

H
1 :  exist 1 ≤ i, j ≤ k, such that RO

C
i  ≠ RO

C
j

1
st – C

hoose distance measure: L
1, L

2, X
2, G

2, …
2

nd – C
hoose weight: constant,   ,               , …

3
rd – C

hoose aggregation: supremum, integral.
4

th – Paired or independent samples?

A
pproaches:

● C
lassical

●
AU

C
●

Venkatraman's
Venkatraman ES, Begg C

B.  1996.  A distribution-free procedure for comparing
receiver operating characteristic curves from a paired experiment.  Biometrika.
Venkatraman ES.  2000.  A permutation test to compare receiver operating 
characteristic curves.  Biometrics.

● C
onsider an empirical RO

C
 curve as an EC

D
F

●
N

orbootstrap
M

artínez-C
amblor P, C

arleos C
, C

orral N
.  2011.  Powerful nonparametric

statistics to compare k independent RO
C

 curves.  Journal of Applied Statistics.
●

custom
Zhang J, W

u Y.  2006.  k-Sample tests based on the likelihood ratio.  
C

omputational Statistics and D
ata Analysis.

M
artínez-C

amblor P, C
arleos C

, C
orral N

.  2011.  Powerful nonparametric
statistics to compare k independent RO

C
 curves.  Journal of Applied Statistics.

venkatraman.paired.2
←

 disease, measure1, measure2
→

 numeric(1)

Inputs:
disease – logical
measure – numeric 

rank

venkatraman.paired.k
←

 disease, measures
→

 numeric(1)

integrate.between
←

 abscisae1, ordinates1, abscisae2, ordinates2
→

 numeric(1)

approxfun (ties = "ordered")
integrate

venkatraman.independent.2
←

 disease1, measure1, disease2, measure2
→

 numeric(1)

sort

ecdf

venkatraman.independent.k
←

 list of disease.and.measure
→

 numeric(1)

ROC.curve.1
←

 disease, measure
→

 numeric

ROC.curve.k.paired
←

 disease, measures
ROC.curve.k.independent
←

 list of disease.and.measure

ROC.curve.k
→

 list of ROC.curve.1

ROK.samlongigu
←

 ROC.curve.k
→

 ROC.curve.k

scm

schoolmath

ROC.apply
←

 function, ROC.curve.k
→

 ROC.curve.1

ROC.listjoin
←

 list of ROC.curve.k
→

 ROC.curve.k

norbootstrap.sample.2
←

 roc.curve1, roc.curve2
→

 numeric(1)

norbootstrap.bootstrap.2
←

 roc.curve1, roc.curve2,
   roc.curve.bootstrap1, 
   roc.curve.bootstrap2
→

 numeric(1)

norbootstrap.sample.k
←

 ROC.curve.k
→

 numeric(1)

norbootstrap.bootstrap.k
←

 original ROC.curve.k, bootstrap ROC.curve.k
→

 numeric(1)

F
F⋅1

−
F


L
1t=

∑
n
i ∣
F
i t−

F
t∣

L
2t=

∑
n
i [
F
i t−

F
t] 2

X
2t=

∑
n
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F
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t] 2

F
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−
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G
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n
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1
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t ]

AUC.1
←

 ROC.curve.1
→

 numeric(1)

AUC.k
←

 ROC.curve.k
→

 numeric(1)

custom.statistic.k
←

 distance, weight, aggregation
→

 function (ROC.curve.k) →
 numeric(1)

ROC.paired
←

 data.frame
ROC.independent
←

 list of data.frame

ROC
←

 data.frame or list of data.frame, w
hich statistics, calculate P-values?, B

→
 list of: disease, measures, ROC.curve.k, matrix of statistics ×

 {sample values, P-values}

Input of ROCtest::ROC.independent
=

 list of {data.frame =
 disease.and.measure}

Input of ROCR::prediction
=

 {predictions =
 list of measure; labels =

 list of tw
o-level factor}

Input of Bioconductor's ROC::rocdemo.sca
=

 {truth =
 vector of 0's and 1's; data =

 measure}

Input of ROCtest::ROC.curve.1
=

 {disease; measure}

O
nw

ards  ��
��

��

● An rpanel interface.
● An X-LispStat version: about nine times faster.
● A C

ommon Lisp version: about forty times faster.
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