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Quality Control

» Using the visual inspection step within DPARSF, subjects showing
severe head motion in the Tl image and subjects showing extremely
poor coverage in the functional images, as well as subjects showing
bad registration were excluded

> Subjects with overlap with the group mask (voxels present at least
90% of the participants) less than 2#SD under the group mean overlap
(threshold: 92.2%) were excluded

%> Subjects with motion (Mean FD Jenkinson greater than 2%SD above the
group mean motion (threshold: 0.192) were excluded

g i =

Yan et al., 2013, Neuroimage s e
Standardizing the intrinsic brain: Towards robust measurement of mlcr—@

variation in 1000 functional connectomes
Chuo-Gan Yan * R Cameron Craddock **, Xi-Nian 200 *, Yu-Feng Zang °, Michael P, Mithat
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ece Statistical Anaiysis

ANGOVA
ANGOVA (Papates Vessarms)
[rertyerest

Bm | 0 [ e [ Aag — Ao
et
s
Ouipui e s AL AT DOCTAAITLA

One-Sample T-Test

Wang?, Yan® et al., 2011, Hum Brain
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Two-Sample T-Test

One-Sample T-Test
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Wang®, Yan® et al., 2011, Hum Brain
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Two-Sample T-Test with covariates: e.g. gray matter proportion imag
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ANOVA or ANCOVA

Control

Figure 1.

Within-group ALFF maps within the AD, MCI, and healthy eiderly control groups. Visual inspection indi-
cated that the PCC and adjacent PCu had the highest ALFF values within each group and had different
strengths among the three groups. The statistical threshold was set at Z > 309 (P < 0.001) and cluster
size >189 mm’, which corresponded to a corrected P < 0.001. R, right: L, lef; P. posterior; A, anterior.

[Color figure can be viewed in the online issue, which s available at wileyoniinelibrary.com.]
Wang®, Yan® et al., 2011, Hum Brain
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ANOVA or ANCOVA

Without GM Correction

Wang®, Yan® et al., 2011, Hum Brain
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ANOVA or ANCOVA
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comparing group means of any pairs were calculated (e.g., through Studentized
Range statistic for Tukey-Kramer correction) with the same route as MATLAB

the Normal inverse cumulative distribution function (norminv), with the sign of
mean differences applied.

Post-hoc procedures: the corrected p values under a given control procedure for

command multcompare. The p maps were then converted to Z maps accordin@

3

ANOVA or ANCOVA
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ANOVA F image
The difference of mean between groups

The corrected p of difference between groups

The corrected Z values of difference between groups, can b
forwarded to further multiple comparison correction

Yan et al., 2016. Neuroinformaticss
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Mixed Effect Analysis
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Group x Age Interaction

Yan et al., 2016. Translational

Mixed Effect Analysis

ece Statistical Anaiysis
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The imaging measure
should be:
GrouplConditionl

GrouplCondition2
Group2Conditionl
Group2Condition2

Mixed Effect Analysis

« *_ConditionEffect_T.nii - the T values of condition
differences (corresponding to the first condition minus the
second condition) (WithinSubjectFactor)

» *_Interaction_F.nii - the F values of interaction
(BetweenSubjectFactor by WithinSubjectFactor)

+ *_Group_TwoT.nii - the T values of group differences
(corresponding to the first group minus the second group).
Of note: the two conditions will be averaged first for each
subject. (BetweenSubjectFactor)
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http://rfmri.org/DemoData
{Download}/ProcessingDemoData/StatisticalDemo/AD_MCI_NC/

tion 15 048 brain, ©_05S,Sran, TF_FarCentrast_Brain, 05 brain, Heador] = y_Gruupinalysis_Inagn Dopendantietume Fredicior utputane
ALFF: AD — NC Two Sample T Test:

« Applied smooth kernel in preprocessing: [4 4 4]

R — . F— ., . . + Smooth kernel estimated on 4D residual: [6.77 6.88 6.71]

: o pertorne . + Smooth kernel estimated on statistical image (T to Z, as in easythresh): [6.90
7.336.94]

a and ¢ val ReHo: AD — NC Two Sample T Test:

! « Applied smooth kernel in preprocessing: [4 4 4]

. . + Smooth kernel estimated on 4D residual: [8.10 8.50 7.93]

ey i ey Center e - + Smooth kernel estimated on statistical image (T to Z, as in easythresh): [8.33
8.94 8.24]

{DPABI_Dir} lysisly_GroupAnalysis_Image.m _ Thus, only using smooth kernel applied in
Smoothness estimation based on the 4D residual is built in this functi preprocessing is NOT sufficient!!!
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Multinle Comnarisgn Correction

The last 15 years of fMRI research
might be totally useless.

Due to the recent discovery.of-an fMRI bug,
about 40,000 papers on brain research
a8 may now beinvalid.
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Multiple Comparison Correction

. Correction

.. | estimate about 15,000
papers use cluster size
inference with correction for
multiple testing; of these,
around 3,500 use a CDT of
P=0.01...So, are we saying
3,500 papers are “wrong”? It
depends....

-- Thomas Nichols
July 06, 2016

and may have a large impact on
significant neuroimaging results
the

W4 neuroscience, stansics
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likely that problematic analyses can be redone.

Mhese errors do not affect the conclusions of the article. The
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Multiple Comparison Correction

Bonferroni correction: p=0.05/5=0.01

© 0T ¢

0.01 0.01
0.01 0.01

0.01

Multiple Comparison Correction

*False Discovery Rates (FDR) correction
» Family-Wise Error (FWE) correction
= Bonferroni correction: 0.05/5=0.01
= Gaussian Random Field theory correction
= Monte Carlo simulations (AlphaSim)
= Threshold-Free Cluster Enhancement

= Permutation test

FDR Theory

Number of errors commirted when testing m nuil hypotheses

Declared

non-significant significant

Declared Total

True null hypotheses U

Non-true null hypotheses T

m—mg

* False discovery rate

Q=E(V/ (V+S))=E(V/R)

e =
Benjamini and Hochberg, 1995, Journal of the Royal Statistical Soci




FDR Theory

* Let H;, -+, H, be the null hypotheses and P,, -,
P, their corresponding p-values. Order these
values in increasing order and denote them by
Py, ***s P(y. For a given q, find the largest k

such that Pgy = kq/m.

IA

*Then reject (i.e. declare positive) all H; for i

=1, -, k.
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Multiple Comparison Correction

Gaussian Random Field Theory Correction

Monte Carlo simulations (AlphaSim)

Multiple Comparison Correction

800 GRF Correction
RF Cor

Mask Fle | ’rograms/DP ABI/Inaizing/Template S/BrainMask_05_61x736 1 img

Fuirin | 6.7747 Fwrmy | 66608 Fwee | 6705 ain [0.40503

Estmate smootnness on statisical image directly (folowing FSL easytnresh codes)

Voxelp vale Gluster p value (] Two Tated

Gompute

Voxel Z > 2.3, Cluster P < 0.05, Two One-Tailed Corrections:
equivalent to

Voxel P < 0.0214, Cluster P < 0.1, Two Tailed.
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Frequency Cum Prop p/Voxel Max F

1 235971 0.619898 0.009613 0 1.000000
2 76150 0.819945 0.006282 0 1.000000
3 32297 0.904789 0.004131 0 1.000000
4 15940 0.946664 0.002763 0 1.000000
5 8476 0.968930 0.001863 0 1.000000
6 4786 0.981503 0.001265 1 1.000000
7 2767 0.988772 0.000860 19 0.999000
8 1606 0.992991 0.000586 51 0.980000
9 1011 0.995647 0.000405 127 0.929000
10 585 0.997184 0.000276 132 0.802000
11 391 0.998211 0.000194 172 0.670000
12 236 0.998831 0.000133 146 0.498000
13 164 0.999262 0.000093 107 0.352000
14 98 0.999519 0.000063 78 0.245000
15 69 0.999701 0.000043 61 0.167000
16 37 0.999798 0.000029 30 0.106000
17 22 0.999856 0.000020 22 0.076000
19 11 0.999942 0.000010 11

20 7 0.999961 0.000007 7

21 5 0.999974 0.000005 5

22 5 0.999987 0.000003 5

23 4 0.999997 0.000002 4

24 1 1.000000 0.000000 1

Id-Free Cluster Enh

cement (TFC

N f f| ==
[ (| [] ez
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enancement

Fig. 1. llustration of the TFCE approach. Left: the TFCE score at vaxel p is give by the sum of the soores of all incremental support
shown as the dark-grey band) within the area of “support” of p (light grey). The score for each section is a simple function of its
example input image and TFCE-enhanced output. The input coatains a focal, high signal e spatialy extended, &
signals of intermediste extent and height. The TFCE output has the same maximal values for all three cases, and preserves the distin local maxima in the third
case.

Smith et al., 2009. Neuroimage @

g scctions (one such is
hand extent . Right
d

ermutation Test

Permutations

Frequency

p-value

Test statistic
Winkler et al., 2016. Neuroimage .
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Cluster failure: Why fMRI inferences for spatial extent
have inflated false-positive rates

Anders Eklund**<", Thomas E. Nichols®*, and Hans Knutsson**
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Edited by Emary N, Brown, Massachusetts Gensral Hospital, Boston, MA. and approved May 17, 2016 (received for review February 12, 2016)
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12 May 2015, RW Cox, 3dClustSim, level 2 (MINOR), typs 5 (MODIFY) -
Eliminate edge effects of smocthing by padding and unpadding

Figure 1. False Positive Rates (FPRs) for various software scanarios, with 1000 2-samplo ttests (as in [1,2) using
20 subjects’ data in each sampie. "buggy” and fixed” means the cusier-size thresholds were selected using the

Gau e the 40 ject's values: “buggy’ via 30CIUsSIm
before the bug fix, ixed” via IACIustSim after the bug fix. ‘mixed ACF™ selects
using the (Eq 1) model for the noise, with the 8.0,

0
Indidual subject's vaiues (esimated vis program 3AFWHMX). Two different per-voxel p-value threshoids (1-sided
tosts, as used i [2]) aro shown. The black line shows the nominal 5% false posiive rate (out of 1000 trials), and the
‘gray band shows its thearetical 85% confidence interval, 3.65-6.35%. As in (2], different smoothing values were tested
(4-10 mm). B1 =10 5 block; B2 = 30 5 block; E1 = regular event related; E2 = randomized event related.

Cox et al., 2016. bioRxiv
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Cox et al., 2016. bioRxiv
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Nonparametric clustering: “3dCIustSim® and “3dttest s+ -Clustsim™
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Figure 4. FPRs with cluster-size thresholds now determined from the "-Clustsim’ option of 3dttest++ (1-sided tests
with 1* nearest neighbor clustering). See Fig. 1 for description of labels, but note that the y-axis range has been
changed here for visual clarity. G
Cox et al., 2016. bioRxiv <

Family wise Error Rate
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Different Multiple Comparison Correction Strategies

20 vs. 20 Permutation 1000 times
Chen, Lu, Yan*, 2017. Human Brain Mapping

Family wise Error Rate

Family wise Error Rate

TABLE II. FWER under correction of three kinds of clustenbased correction with the strictest threshold, § versions of PT:based correction as well

20 vs. 20 Permutation 1000 times

Chen, Lu, Yan*, 2017. Human Brain Mapping
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Test-retest Reliability

Test-retest reliability
Sex differences in test and retest
Time T1 Time T2

“HaE ve

/x\ V;: significant

&\. l \:’ v, | Voverisn) Vz\r‘ voxels in test

@ > \ / V,: significant
E/k = voxels in retest

©

&

?

Vouertap: VOXEl
. 2 % Vopertap overlap: 77
Statistical significant voxels Dice = ——— significant
1T test and

Chen, Lu, Yan®, 2017. Human Brain Mapping
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Test-retest Reliability

TABLE Ill. Test-retest reliability of sex differences for all R-MRI metrics with and without GSR under correction of
three kinds of cluster-based correction with the strictest threshold, six kinds of PT-based correction and FDR cor-
rection, calculated between the first and second sessions in the CORR dataset

‘Test-retest reliability (dice coefficient)

Cluster ALFF  fALFF  Retlo I VMHC
Vol threshold threshold ALFF FALFF ReHo DC VMHC with GSR with GSR with GSR with GSR with GSR

APNI 3dClustSim P < 0,0005 P<0025 065 051 050 03 03 064 048 044 028 024
fone-tailed) (2329
DPABI Alphasim 065 051 049 D3 039 064 048 045 027 027
e
GRF fone-tailed) 064 051 050 035 03 065 048 043 028 024
PT cluster extent P05 065 070 056 045 040 062 068 045 030 040
coerection
(two-tailed) 087 066 052 032 033 060 0.63 046 027 032
P<005 063 055 051 0% 03 043 052 047 023 032
2309
P<0001 P<O06 064 051 048 037 038 064 048 044 028 026
PTTFCE 068 075 054 048 04 066 [ 044 031 042
FDR eoerection 064 067 054 D3 03 063 064 047 029

For test-retest reliability for all the 31 kinds of multiple comparison correction strategies, please see Supporting Information Table 513
> Moderate test-retest reliability

> ALFF, fALF‘F, ReHo are berle_r than D_C and VMHC 212 M vs. 208 F X 2 ti

Chen, Lu, Yan", 2017. Human Brain Mapping 4

PT with TFCE outperforms

Permutation test TFCE, a
strict multiple comparison
correction strategy, reached
the best balance between
family-wise error rate (under
5%) and test-retest reliability
/ replicability

Chen, Lu, Yan", 2017. Human Brain Mapping e e e 5

Sample Size Matters

A
i 0.6y
i os
F
I o
£
i
1% 50 )
LI Sample Size
Randomly draw k ' B
subjects from the o8
“SWU 47 site in the 04l
CORR dataset, which £
has two sessions of 116 i
males and 105 females o]
EY 00 W
Sample Size
Z
1
Chen, Lu, Yan*, 2017. Human Brain Mapping : 6

Reproducibility of R-fMRI Metrics o e Impact of Different

Strategies for Multiple Comparison Correction and Sample Sizes

 Permutation test with TFCE reached the best balance between FWER and
reproducibility

Although R-fMRI indices attained moderate reliabilities, they replicated
poorly in distinct datasets (replicability < 0.3 for between-subject sex
differences, < 0.5 for within-subject EOEC differences)

» For studies examining effect sizes similar to or even less than those of sex
differences, results from a sample size <80 (40 per group) should be
considered preliminary, given their low reliability (< 0.23), sensitivity (<
0.02) and PPV (< 0.26).
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Permutation Test

O PALM Setting

’ Number of permutations 5000 l

l Cluster inference ] l Cluster forming threshokd () 2.3 |

ﬁ TFCE | FOR

Acceleration method No acceleration (few permutations)

Two talied

Cancel ‘ Accept

Based on PALM: Winkler, A.M., Ridgway, G.R., Douaud, G., Nichols,

T.E., Smith, S.M., 2016. Faster permutation inference in brain
imaging. Neuroimage 141, 502-516.

2018/8/21

Permutation Test

[ PALM Setting
NumDer of permutations 5000
Cluster infarence Cluster torming threshald (Z) 2.3
TFGE FOR Twa tallad

Acceleration method IR e n e

Tall approximation

Gamma approximation
Negative Dinomial

Low rank matrx completian

Mo

Smith, S.M., 2016. Faster permutation inference in brain imaging.

Based on PALM: Winkler, A.M., Ridgway, G.R., Douaud, G., Nichols, T.@
Neuroimage 141, 502-516.
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Permutation Test

Contrast.csv

E] DependentVolume.nii
Design.csv
PALMCaonfig.txt

E] T2_clustere_tstat_fwep.nii

E] T2_clustere_tstat.nii
T2_elapsed.csv

[2] T2_tfce_tstat_fwep.nii

[=] T2_tfce_tstat_uncp.nii

[=] T2_tfce_tstat.nii

[2] T2_vox_tstat_fwep.nii

T2_vox_tstat_uncp.nii

T2_vox_tstat.nii

Based on PALM: Winkler, A.M., Ridgway, G.R., Douaud, G., Nichols, T.
Smith, S.M., 2016. Faster permutation inference in brain imaging.

Neuroimage 141, 502-516.

Permutation Test

1. _vox tstat.nii is the T value of a voxel.

2. _vox_tstat_uncp.nii is the p value corresponds to the rank of the
observed T value within the permutations FOR A GIVEN VOXEL (the
null distribution is the permuted T values of that given voxel).
Computing the rank is one of the ways in which the p-value can be
obtained (it’s then divided by the number of permutations).

3. _vox_tstat_fwep.nii is the p value corresponds to the rank of the
observed T value within the permutations of maximum T values across
all the voxels (the null distribution is composed by the maximum T
value across all the voxels for each permutation). For the
corrected, the distribution of the maximum is used as reference,
and the rank (or quantile) of a given voxel in relation to that
distribution is used to obtain p-values.

3. _clustere tstat.nii is simply the size (in voxels) of the cluster.
This number acts as the test statistic.

4. clustere tstat fwep.nii: p-values computed in the same way as 3,

i.e., using the distribution of the maximum cluster size.
5. The TFCE maps are similar to Points 1, 2 and 3. @
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Set the Percentage Threshold
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Multiple Comparison Correction
® L] DPABLVIEW

Overay T o st - 81590 (ndemsy oem o oo 7

Overay Contaure

ma | | ol » @ o e N e [P i

Poston
x s QY w2 »

Montace

Conrot

2018/8/21

Multiple Comparison Correction
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