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1 Real data sets

Prostate Cancer Data (Singh et al.; 2002): From 1995 to 1997 samples of prostate tumors
and adjacent non-tumor prostate tissue were collected from patients undergoing radical prosta-
tectomy at the Brigham and Women’s Hospital. High-quality expression profiles were obtained
from 50 non-tumor prostate samples and 52 tumor specimens. The oligonucleotide microarrays
contained probes for approximately 12600 genes. We obtained this data set from the website
http://ligarto.org/rdiaz/Papers/rfVS/randomForestVarSel.html.

Breast Cancer Data (van’t Veer et al.; 2002): We considered the data set that was previ-
ously analyzed by Dı́az-Uriarte and De Andres (2006) and made publicly available at the website
http://ligarto.org/rdiaz/Papers/rfVS/randomForestVarSel.html. In this data set there
were 33 patients that developed distant metastases within 5 years and 44 that remained disease-
free for over 5 years. Missing data was imputed by using 5-nearest neighbor imputation. Further
details on transformations of the original data are given in the supplement to the paper of Dı́az-
Uriarte and De Andres (2006).

Leukemia Data (Golub et al.; 1999): The Leukemia Data consists of 47 patients with acute
lymphoblastic leukemia (ALL) and 25 patients with acute myeloid leukemia (AML). The consid-
ered data set comprises both, training samples and test samples from Golub et al. (1999) and was
retrieved from the Bioconductor package golubEsets. The samples were assayed using Affymetrix
Hgu6800 chips and data on the expression of 7129 genes are available.

Colon Cancer Data (Alon et al.; 1999): In this data set, expression levels of 40 tumor and
22 normal colon tissues for 6500 human genes are measured. The considered data set contains
the expression of the 2000 genes with highest minimal intensity across the 62 tissues measured
using the Affymetrix technology. We obtained this data set from the website http://ligarto.

org/rdiaz/Papers/rfVS/randomForestVarSel.html.

Embryonal Tumor Data (Pomeroy et al.; 2002): This data set includes 60 patients with
embryonal tumors of the central nervous system from whom biopsies were obtained before receiving
treatment. The data was used to differentiate between patients who are alive after treatment
(n = 21) and those who succumbed to their disease (n = 39) (data set C in the paper by Pomeroy
et al.; 2002). RNA was extracted from frozen specimens and was analysed with oligonucleotide
microarrays containing 7129 probes from 6817 genes. We obtained the data from the website
http://datam.i2r.a-star.edu.sg/datasets/krbd/NervousSystem/NervousSystem.html.
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2 Further results of simulation studies

2.1 Studies with complete predictor space
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mtry = p
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Figure 1: Variable importance null distribution when using the hold-out permutation variable
importance measure, the cross-validated importance measure with k = 3, k = 5, and k = 10 and
the classical permutation variable importance measure and setting mtry to

√
100 (upper) and p

5
(lower).
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Figure 2: Fold-specific variable importance for the first fold plotted against fold-specific variable
importance for the second fold for all variables X1, . . . , X2000 of Study I (no relevant variables;
mtry =

√
p) for the Colon Cancer data with k = 2, k = 3, k = 5 and k = 10. Five-hundred

repetitions of Study I were performed, yielding a total of 2000× 500 points shown in each plot.
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Figure 3: Discriminative ability of the novel hold-out permutation variable importance measure
and the classical permutation variable importance measure. Discriminative ability is measured by
the area under the curve for Studies II and III (mtry always set to p

5 ). Values of 0.5 indicate no
discriminative ability (horizontal dotted line).
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Figure 4: Relative frequency of repetitions of Study III in which the specified number of variables
with effect was selected (i.e., variables with p-value below α = 0.05). Distributions are shown for
variables with specified absolute effect size and when using our new approach, the naive approach
and the approach of Altmann et al. (2010) (non-parametric and parametric), with mtry set to√
p (upper) and p

5 (lower).
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Figure 5: Relative frequency of repetitions of Study III in which the specified number of variables
with effect was selected (i.e., variables with p-value below α = 0.05). Distributions are shown for
variables with specified absolute effect size and when using our new approach, the naive approach
and the approach of Altmann et al. (2010) (non-parametric and parametric), with mtry set to√
p (upper) and p

5 (lower).
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Figure 6: Relative frequency of repetitions of Study III in which the specified number of variables
with effect was selected (i.e., variables with p-value below α = 0.05). Distributions are shown for
variables with specified absolute effect size and when using our new approach, the naive approach
and the approach of Altmann et al. (2010) (non-parametric and parametric), with mtry set to√
p (upper) and p

5 (lower).
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Figure 7: Relative frequency of repetitions of Study III in which the specified number of variables
with effect was selected (i.e., variables with p-value below α = 0.05). Distributions are shown for
variables with specified absolute effect size and when using our new approach, the naive approach
and the approach of Altmann et al. (2010) (non-parametric and parametric), with mtry set to√
p (upper) and p

5 (lower).
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Figure 8: Relative frequency of repetitions of Study III in which the specified number of variables
with effect was selected (i.e., variables with p-value below α = 0.05). Distributions are shown for
variables with specified absolute effect size and when using our new approach, the naive approach
and the approach of Altmann et al. (2010) (non-parametric and parametric), with mtry set to√
p (upper) and p

5 (lower).

8



2.2 Studies with reduced predictor space (p = 100)

2.2.1 Study I
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Figure 9: Variable importance null distribution when using the hold-out permutation variable
importance measure, the cross-validated importance measure with k = 3, k = 5, and k = 10 and
the classical permutation variable importance measure and setting mtry to
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100 (upper) and 100

5
(lower).
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Figure 10: Type I error in Study I for the new testing approach (which uses the hold-out permu-
tation variable importance measure), the naive testing approach (which uses the classical permu-
tation variable importance measure) and the approach of Altmann et al. (2010) (non-parametric
and parametric). Hypothesis tests were performed at significance level α = 0.05 (dotted horizontal
line).
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2.2.2 Study II
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Figure 11: Proportion of rejected null hypothesis among predictor variables with specified absolute
effect size. The mean proportions over 500 (200 for the approach of Altmann et al. (2010), resp.)
repetitions of Study II are shown when using our novel approach, the naive approach and the
approach of Altmann et al. (2010) (non-parametric and parametric), with mtry set to

√
100 (upper

panel) and 100
5 (lower panel). The red horizontal line represents the 5% significance level.
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Figure 12: Discriminative ability of the novel hold-out permutation variable importance measure
and the classical permutation variable importance measure. Discriminative ability is measured by
the area under the curve. Results are shown for mtry set to

√
100 (left) and 100

5 (right). Values
of 0.5 indicate no discriminative ability (horizontal dotted line).
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2.2.3 Study III
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Figure 13: Discriminative ability of the novel hold-out permutation variable importance measure
and the classical permutation variable importance measure. Discriminative ability is measured by
the area under the curve. Results are shown for mtry set to

√
100 (left) and 100

5 (right). Values
of 0.5 indicate no discriminative ability (horizontal dotted line).

12



P
ro

st
a
te

C
a
n
ce

r
| βj | =  3

F
re

qu
en

cy
 o

f
 r

ep
et

iti
on

s

0.
0

0.
2

0.
4

0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5

| βj | =  2

F
re

qu
en

cy
 o

f
 r

ep
et

iti
on

s

0.
00

0.
15

0.
30

0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5

| βj | =  1

F
re

qu
en

cy
 o

f
 r

ep
et

iti
on

s

0.
0

0.
2

0.
4

0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5

| βj | =  0.5

F
re

qu
en

cy
 o

f
 r

ep
et

iti
on

s

0.
0

0.
3

0.
6

0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5

mtry = 100

| βj | =  3

F
re

qu
en

cy
 o

f
 r

ep
et

iti
on

s

0.
0

0.
2

0.
4

0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5

| βj | =  2

F
re

qu
en

cy
 o

f
 r

ep
et

iti
on

s

0.
00

0.
15

0.
30

0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5

| βj | =  1

F
re

qu
en

cy
 o

f
 r

ep
et

iti
on

s

0.
0

0.
3

0.
6

0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5

| βj | =  0.5

F
re

qu
en

cy
 o

f
 r

ep
et

iti
on

s

0.
0

0.
4

0.
8

0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5

●

●

●

●

New approach
Naive approach
Altmann (non−param.)
Altmann (param.)

mtry = 100 5

Figure 14: Relative frequency of repetitions of Study III in which the specified number of variables
with effect was selected (i.e., variables with p-value below α = 0.05). Distributions are shown for
variables with specified absolute effect size and when using our new approach, the naive approach
and the approach of Altmann et al. (2010) (non-parametric and parametric), with mtry set to√

100 (upper) and 100
5 (lower).
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Figure 15: Relative frequency of repetitions of Study III in which the specified number of variables
with effect was selected (i.e., variables with p-value below α = 0.05). Distributions are shown for
variables with specified absolute effect size and when using our new approach, the naive approach
and the approach of Altmann et al. (2010) (non-parametric and parametric), with mtry set to√

100 (upper) and 100
5 (lower).
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Figure 16: Relative frequency of repetitions of Study III in which the specified number of variables
with effect was selected (i.e., variables with p-value below α = 0.05). Distributions are shown for
variables with specified absolute effect size and when using our new approach, the naive approach
and the approach of Altmann et al. (2010) (non-parametric and parametric), with mtry set to√

100 (upper) and 100
5 (lower).
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Figure 17: Relative frequency of repetitions of Study III in which the specified number of variables
with effect was selected (i.e., variables with p-value below α = 0.05). Distributions are shown for
variables with specified absolute effect size and when using our new approach, the naive approach
and the approach of Altmann et al. (2010) (non-parametric and parametric), with mtry set to√

100 (upper) and 100
5 (lower).
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Figure 18: Relative frequency of repetitions of Study III in which the specified number of variables
with effect was selected (i.e., variables with p-value below α = 0.05). Distributions are shown for
variables with specified absolute effect size and when using our new approach, the naive approach
and the approach of Altmann et al. (2010) (non-parametric and parametric), with mtry set to√

100 (upper) and 100
5 (lower).
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