Threshold-free Cluster Enhancement
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Cluster failure: Why fMRI inferences for spatial extent
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The mast widely used task functional magnetic resonance imaging
(FMRED analyses use parametric statistical methods that depend on a
variety of sssumptiors. In this work, we use real resting-state data
and a tetal of 3 million random task growp analyses to compute
empirical famdywese errar rates for the fMAI software packages SPM,
F54, and AFNIL as well 35 a nonparametric permutaton methad. Far a
nomenal famdywese error rate of 5%, the parametnc statstical
methods are shown to be conservatwe for voxelwise inference
and mvald for clusterwise inference, Our results suggest that the
principal cause of the invald cduster inferences is spatial autocomre-
latan functions that do net fellow the assumed Gaussan shape, By
comparisan, the nangarametne permatation test is found to produce
nomenal results for voxedwise as well as dusterwise inference. These
findungs speak to the need of validating the statistcal methads being
used in the field of neurcimaging.

(FWE), the chance of cac or moee false posalves, and conpanically
measure the FWE & the proportion of analyses that give rse o
ary sigmaficant results. Here, we consider both two-sample and
one-sample designs. Because two groups of subyects are randomly
drawn [rom a lasge group of bealthy controls, the ol bypotless
of no group diffesence in brase actvation showld be true. More-
over, because e resung-state PMRD data should contam oo
consistent shifls m blood caygen level-dependent ( BOLIY) actvity,
for & single group of subjects the null hypothesis of mean zero
activation should alse be true. We evaluate FWE control for baoth
vonelwise inference, where significance 55 mndividually assessed at
cach vowel, and dusterwise inference {19-21), where sigraficance
15 assessed on custers formed with an astitrary threshold.

In bref, we Ond that all three packages bave comservalne
vomchwise aference and iovahid clusterwise mference, for both
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Mew Stucy Raises Doubts About fMRI Neuromaging Research
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Correction for Eklund et al., Cluster failure: Why fMRI
inferences for spatial extent have inflated false-positive rates

Extract | Full Text | Authors & Info Metrics Related Content PDF

NEUROSCIENCE, STATISTICS Correction for “Cluster failure: Why fMRI inferences for spatial extent have
inflated false-positive rates,” by Anders Eklund, Thomas E. Nichols, and Hans Knutsson, which appeared in
issue 28, July 12, 2016, of Proc Natl Acad Sci USA (113:7900-7905; first published June 28, 2016;
10.1073/pnas.1602413113).

The authors note that on page 7900, in the Significance Statement, lines 9-11, “These results question the
validity of some 40,000 fMRI studies and may have a large impact on the interpretation of neuroimaging
results” should instead appear as “These results question the validity of a number of fMRI studies and may
have a large impact on the interpretation of weakly significant neuroimaging results.”

Additionally, the authors note that on page 7904, left column, fifth full paragraph, lines 1-3, “It is not feasible to
redo 40,000 fMRI studies, and lamentable archiving and data-sharing practices mean most could not be
reanalyzed either” should instead appear as “Due to lamentable archiving and data-sharing practices, it is
unlikely that problematic analyses can be redone.”

These errors do not affect the conclusions of the article. The online version has been corrected.

PubMed Commons PubMed Commons home

7] 1 comment

How to join PubMed Commons

Thomas E. Nichols 2016 Jul 14 1:36 p.m. 5 of 5 people found this helpful
This work has two unfortunate statements that can be misunderstood to mean that the findings apply to all "40,000" publications in the
fMRI literature. The following two corrections will resolve this problem:

The last sentence of the Significance statement should read: “These results question the validity of a number of fMRI studies and may
have a large impact on the interpretation of weakly significant neuroimaging results.”

The first sentence after the heading “The future of fMRI” should have read: “Due to lamentable archiving and data-sharing practices it is
unlikely that problematic analyses can be redone.”

For more on this, see the blog entry "Bibliometrics of Cluster Inference" http://blogs.warwick.ac.uk/nichols/entry/bibliometrics_of cluster/
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Validitat GRF

GRF benétigt viele

tg Threshold

Freihertsgrade und grol3e

0 2 4 ; s w12 FWHM, um valide zu sein
smoothness: FWHM

nichtparametrische Tests

als Alternative bel kleinem
df
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0 2 s B 3 10 1 Nichols & Hayasaka
Sfmagthness: i Stat Methods Med Res 2003
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Abhangigkert der Schwellenwerte

P<0.00|

unkorrigierter

P<0.0l Schwellenwert
fur Voxel-Level
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> P<0.05
Signifikanz auf Cluster-Level \
korrigiert fur multiple Vergleiche
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Threshold-free Cluster Enhancement
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TFCE vs. Voxel/Cluster-Statistik

TFCE
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TFCE Toolbox

clO

Current Module: Estimate TFCE
Help on: Estimate TFCE

!elect aﬂ!monal mas! image 8 !Iles

Contrast query
. Results Title "
. Contrast index Inf
. Number of permutations 5000
Permutation method to deal with nuisance variables  Automatic Selection
TBSS data no
Weighting of cluster size ...focal effects (E=0.5)
Use multi-threading to speed up calculations yes Threshold-free Cluster Enhancement

http://dbm.neuro.uni-jena.de/tfce

Bendtigt nur bestehendes SPM-
Design aus 2nd Level (SPM.mat)

Alle statistische Modelle mit
differentiellen Kontrasten und
Specily.. Korrelationen méglich (auch

e 1 Interaktionen)
Jntains the design specification.

FUr jeden Kontrast muss Permutation
gerechnet werden

Current Iltem: Select SPM.mat



http://dbm.neuro.uni-jena.de/tfce

TFCE Parameter

Current Module: Estimate TFCE

Parameter Help on: Estimate TFCE

Zusatzliche Maske (SVC) oo e i3

Contrast query
, . Results Title "
Anzahl der Permutationen .Contrastindex Inf
. Number of permutations 5000
+ NU \/ , b| $grsrréugat{on method to deal with nuisance variables ~ Automatic Selection
- ata no
U mgang mit ulsance-variablen Weighting of cluster size ...focal effects (E=0.5)
' 3 Use multi-threading to speed up calculations yes

Wichtung Clustergrof3e




TFCE-Toolbox
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Distribution of maximum t-value Corr. threshold of t-value
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Figenschaften

Vorteile
. Schwellenwert-unabhangig (,,threshold-free™)

. sensitiv sowohl fur fokale hohe Effekte und ausgedehnte niedrige Effekte (,,cluster
enhancement”)

- nicht-parametrischer Test: keine Annahme Uber Vertellung

keine Probleme mit lokal unterschiedlicher Glatte (non-stationarity cluster
inference) bel VBM

unkorrigierte Werte oder Korrektur fur multiple Vergleiche mit FWE oder FDR
moglich

. tendenziell kleinere Filterbreiten (FWHM) mdglich

Nachteile
- Verteilung muss bestimmt werden, da flr TFCE nicht bekannt

. Permutationstest ist relativ zertaufwendig (# Permutationen 5000-10000)
. Stichprobengréfle (n<700 ?) begrenzt
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Beispiel: 25 AD<25 CTL (Prwe<0.01)




Beispiel: 25 AD<25 CTL (Prwe<0.01)




