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Quality Control

» Using the visual inspection step within DPARSF, subjects showing severe head
motion in the T1 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

Journal homepage: www.slsevisr.comilocatelynima

Yan et al., 2013, Neuroimage oo arsee
Standardizing the intrinsic brain: Towards robust measurement of inter-individual
variation in 1000 functional connectomes
Chao-Gan Yan **<, R. Cameron Craddock *°, Xi-Nian Zuo ¢, Yu-Feng Zang *, Michael P. Milham *>*
20
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Temporal Dynamic Andlysis

Quaty Control

Standardization

Statistcal Analysis:

Viewer

Utites

The R-fMRI Maps Project

22

One-Sample T-Test

Control

Wang?, Yan* et al., 2011, Hum Brain Mapp
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One-Sample T-Test
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Two-Sample T-Test

8006 Statistical Analysis
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Paired T-Test

@,vo@yﬁ,

+5 - - -3

2 +2 +7

L9 QP24 PL D

+5 - - -13

Figure 3. The between-condition differences of the ALFF within the DMN. The ALFF differences were found between the EC and £O

conditions (A), and between the EC and EO-F conditions (8). The areas in the white contours denote the ROls within the DMN. The numbers below

the images refer tothe x coortinates i th Talaitachand Tournoux space. The statisical treshld was s at [{>2093 (P<005) and cstr size
mm?, which corresponds to a corrected P<0.05.

ol10137 umal pone b0057439005

Yan et al., 2009. PLoS ONE
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Two-Sample T-Test

3
A Zuaial dlewe mps b b AD pars s ocrased AT b b b G i, b 5G
Rty il (o GM corecion) The AD pacecs showed bl SHA. Ik F Ik PocG. e TG, and ke STG. For th
sgnficanty decres T PTG ek LN 1k G o o s Tl . T o sl e s
(OFG, and right ALC, and ncressed ALFF i th biscerl PHG, biat- 3t 2] > 196 (P < 05) and cluster size > 1,404 m’, which corre-
era Hip,biateral SFG, bilteral SMA, lef FG, ef PoCG, lftITG,  sponded t0 3 corrected P < 0.5, O nose, we showed the two-

and ek STG. For- Table Il B: Zsats
s s mps beyee e AD pkn, s sy dry el che ANOVA s Py 24 . L Cokr fpre
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et ALt il PP L i e A syt

Wang?, Yan* et al., 2011, Hum Brain Mapp 2%
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Two-Sample T-Test
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Paired T-Test
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ANOVA or ANCOVA

Control

Figure I.

Within-group ALFF maps within the AD, MCI, and healthy elderly 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 > 3.09 (P < 0.001) and cluster
size >189 mm’, which corresponded to a corrected P < 0.001. R, right; L, left; P, posterior; A, anterior.
[Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Wang*, Yan® et al., 2011, Hum Brain Mapp
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ANOVA or ANCOVA

LK ] Statistical Analysis
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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 be
forwarded to further multiple comparison correction

Yan et al., 2016. Neuroinformatics s
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ANOVA or ANCOVA

Without GM Correction

Wang?, Yan* et al., 2011, Hum Brain Mapp 2
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ANOVA or ANCOVA

eo0e Statistical Analysis
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Post-hoc procedures: the corrected p values under a given control procedure for
comparing group means of any pairs were calculated (e.g., through Studentized
Range statistic for Tukey-Kramer correction) with the same route as MATLAB
command multcompare. The p maps were then converted to Z maps according to
the Normal inverse cumulative distribution function (norminv), with the sign of group
mean differences applied.
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With GM Corre

ALFF value in a PCC peak voxel

Wang?, Yan* et al., 2011, Hum Brain Mapp 3%
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Correlation Analysis

eo0e Statistical Analysis
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Mixed Effect Analysis

Statistical Analysis
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Statistical Analysis

function [b_

oF the directory of inage covariates, in which the files should b

%0 be perforned for the contrast

ix, then Header should be designated

119 Study Center, New York, NY 10016, Us]

{DPABI_Dir}/StatisticalAnalysis/y_GroupAnalysis_Image.m

41
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Mixed Effect Analysis

fALFF of MPFC Cingulate
1.24 *
* 3 Control
1.01 % Il Maltreated
0.84 =
w
LI('L 0.64
< 0.4 *
—
0.24
0.04
02—
Group x Age Interaction Adolescent Adult
Yan et al., 2016. Translational Psychiatry 38
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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)

Statistical Analysis

Attention!!!




Statistical Analysis

function (b 0L brain, ¢.0LS brain, TF-ForContrast_brain, r_OLS.brain, Header] = y_Growphnalysds. Lnage(Dependentialune, Prdictor, Qutputtione
i rContrast_brain, r_OLS_brain, Header] = y_GroupAnalysis_Inage (Dependentvols tor

 the directory of 30 image data file or the filenane of one 40
CONSTANT coluan if needed. The progran will not add constant

(traits). SHOULD TN

(should not have extention such as

4D data matrix (DimXsDiny:

¢ the directory of inage covariates, in which the files should be

perforned for the contrast
0: don't output
Header loptionall - If DependentVo

Brain matrix, then Header should be designated

Outputhane._T.ni beta and t value files results

Output i (optional) Residual files

5 Written by VAN Chao-Gan 120823

N itute for Psychiatric Research, 140 0ld Orangeburg Road, Orangeburg, NY 10962, USA
5 Park Avenue, New York, NY 10022, USA

Randolph Cowen Institute for Pediatric Neuroscience, New York University Child Study Center, New York, NY 10016, Usj

{DPABI_Dir}/StatisticalAnalysis/y_GroupAnalysis_Image.m
Smoothness estimation based on the 4D residual is built in this function!!!
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Statistical Analysis

function [o.0LS.brain, € OLS.brain, TF_ForContrast_brain, r_0LS brain, Header = y_Groupanalysis. Laage(Dependentiolume,Predictor, Qutputtiane
i Contrast_brain, r_OLS_brain, Header] = y_GroupAnalysis_Inage(DependentVolune, Predictor, Outputha

40 data matrix (DinXsDinYsDinZsDinTinePoints) or the directory of 30 image data file or the filenane of one 40

tors M (subjects) by N (traits). SHOULD IN CONSTANT coluan if needed. The progran will not add constant
ane. (should not have extention such as pis)
40 data matrix (Di 5) or the directory of inage covariates, in which the files should b

s Y-

e perforned for the contrast

ix, then Header should be designated

outputtiane_b.ni, | Sutputhane.T.nis beta and t value files results

Outputhane_Residu optional) Residual files
5 Written by VAN

% The Nathan Klin
% Child Mind I

itute for Psychiatric Research, 140 0ld Orangeburg Road, Orangeburg, NY 10962, USA

and Randolph Cowen Institute for Pediatric Neuroscience, New York University Child Study Center, New York, NY 10016, USf
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Statistical Analysis

i

http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/GLM
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Statistical Analysis

http://rfmri.org/DemoData
{Download}/Pr: ingDemoData/StatisticalDemo/AD_MCI_NC/

ALFF: AD — NC Two Sample T Test:

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

« Smooth kernel estimated on 4D residual: [6.77 6.88 6.71]

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

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]

« Smooth kernel estimated on statistical image (T to Z, as in easythresh): [8.33
8.94 8.24]

Thus, only using smooth kernel applied in
preprocessing is NOT sufficient!!!
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Statistical Analysis

800 \ General Linear Model 800 \ General Linear Model © 0O 0O \ Model
EVs | Contrasts & F-tests| EVs Contrasts & Ftests | 1
1
Number of mein EVs [ 3 1
2 $ K 0 E]
Number of additional, vk dependent Vs [0 & . . !
Paste | Gow  EVI  EW _Pase | ub G128 1
N Cl  r |GGz [ ] 1
c2 r |G2>G1 1 E] 1
Input 1 D O
Input 2 13 0 S Gm\wl (mvp«.
E o1 onso
Input 3 1 5 0 L ©2 6261 -1 l
) s s g
oS ]
Input 6 CED
Input 7 OED
Input 8 CE D
Setup orthogonalsations
View design | _Efiiency | View design | _Eficiency |

http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/GLM
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Statistical Analysis

Multiple Comparison Correction
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Multinle Comparison Correction Multiple Comparison Correction

. Correction
... | estimate about 15,000
papers use cluster size o
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

The last 15 years of fMRI research depends.... m
might be totally useless. - Thomas Nichols o

fMRI studies, and lamentable archiving and data-sharing prac-
July 06, 2016 tices mean most could not be reanalyzed either” should instead
appear as *Due to lamentable archiving and data-sharing prac-

tices, it is unlikely that problematic analyses can be redone.”
‘These errors do not affect the conclusions of the article. The

Due to the recent discovery.of-an fMRI bug, onine version has b corrcted

e s ooV 10,107 Ypnas 1612033113

NEUROSCIENCE, STATISTICS
Correction for “Cluster failure: Why IMRI inferences for spatial
i Anders Eklund,

extent have inflated false-

peared in issue
(113:7900-7905:

first published June 28, 2016; 10.10 3
The authe h: e 7900, in the Significance
its question the validity of

about 40,000 papers on brain research  J <
may now be invalid. f =

50

Multiple Comparison Correction

Bonferroni correction: p=0.05/5=0.01

oo
DO @D

2. : ;
1 2 4

P=0.05 P=0.05  P=0.05 P=0.05 P=0.05

Probgb?r?rym?é%‘:‘ity ﬁn%ggilitynm%it;?wﬂ!ﬁﬁiw of not 05 5 3
5— .
gettirti)g';g5 '7Z;4a falgetting a faéteing a @ESEIng a false
positive essiltive resydtsitive resabitive re3@sitive result:

1-0.05 4 0.0®5 = 005 0.05 =D.96.05 =b:98.05 = 0.95

51 52

0.01 0.01 0.01 0.01 0.01

Multiple Comparison Correction FDR Theory

*False Discovery Rates (FDR) correction ) )
Number of errors committed when testing m null hypotheses

» Family-Wise Error (FWE) correction
De_cla(gd peqlqred Total
= Bonferroni correction: 0.05/5=0.01 non-significant | significant
= Gaussian Random Field theory correction | True null hypotheses U v || m |
Non-true null hypotheses T S m—mg
= Monte Carlo simulations (AlphaSim) m-R R m
= Threshold-Free Cluster Enhancement
= Permutation test « False discovery rate Qe=E(V/(V+S))=E(V/R)

Benjamini and Hochberg, 1995, Journal of the Royal Statistical Society

53 54



FDR Theory

* Let Hy, ", Hy be the null hypotheses and Py, -+, P
their corresponding p-values. Order these values in
increasing order and denote them by P, ***, P(m). For a

given g, find the largest k such that Py = kq/m.

*Then reject (i.e. declare positive) all Hg fori = 1, -, k.
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FDR Theory

800 FDR Correction
FDR G
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FDR Theory
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Multiple Comparison Correction

Gaussian Random Field Theory Correction

Monte Carlo simulations (AlphaSim)
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Multiple Comparison Correction

800 GRF Correction
fRF Carecton

Mask Fle | ’rograms/DPAB/Infiaizing/Templates/BranMask_05_61x73x61.Img

FWHMX | 6.7747 FWHMy | 6.8506 FWHMz | 6705 din 040503

Estimate smaothness on statistical image directl (folowing FSL easythresh cades)

Voxel p value Custer p value ) Two Tatied

Compute

Voxel Z > 2.3, Cluster P <0.05, Two One-Tailed Corrections:
equivalent to
Voxel P < 0.0214, Cluster P < 0.1, Two Tailed.

60
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Multiple Comparison Correction

8 00 AlphaSim Correction
[— Aibhasim Co
Mask Fle | /Usersiycg/l a
FWHM | 6.7747 FWHMy | 6.8506 FwhMz | 6705 ain [0.40503

Estimate smoothness on statistical image directly (folowing FSL easythresn codes)

Compute |

61

Thre Id-Free Cluster Enhancement (TFCE

original
signal

_TFCE
enhancement

case.

Fig. 1. Tllustration of the TFCE approach. Left: the TFCE score at voxel p is given by the sum of the scores of all incremental supporting sections (one such is
shown as the dark-grey band) within the arca of “support” of p (lght grey). The score for each scction is a simple function of it height 4 and extent e. Right

example
ignasof cmodiste extentand hight. Th TECE otpothas the amc maximal valus for ll rescass,andpresceves e istine ol maxima n e rind

Smith et al., 2009. Neuroimage

TFCE-enhanced output. The focal, high signal, a much , lower, i f overlapping
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Multiple Comparison Correction

Frequency
3!

Cum Prop p/Voxel Max Fr

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 999942 0.000010 11 0.033000
20 7 0.999961 0.000007 7 0.022000
21 5 0.999974 0.000005 5 0.015000
22 5 0.999987 0.000003 5 0.010000
23 4 0.999997 0.000002 4 0.005000
24 1 1.000000 0.000000 1 0.001000

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
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12 May 2015, RW Cox, 3dClustSim, level 2 (MINOR), type 5 (MODIFY)
Eliminate edge effects of smoothing by padding and unpadding

Figure 1. False Positive Rates (FPRs) for various software scenarios, with 1000 2-sample t-ests (as in [1,2]) using
20 subjects’ data in each sample. "buggy” and “fixed” means the cluster-size thresholds were selected using the
Gaussian shape model with the FWHM being the median of the 40 individual subject’s values: "buggy” via 3dClustSim
before the bug fix, “fixed” via 3dClustSim after the bug fix. “mixed ACF™ means the cluster-size threshold was selected
using the (Eq 1) model for spatial correlation of the noise, with the a,b,C parameters being the median of the 40
individual subject's values (estimated via program 3dFWHMx). Two different per-voxel p-value thresholds (1-sided
tests, as used in [2]) are shown. The black line shows the nominal 5% false positive rate (out of 1000 trals), and the
gray band shows its theoretical 95% confidence interval, 3.65-6.35%. As in [2], different smoothing values were tested
(410 mm). B1=10's block; B2 = 30 s block; E1 = regular event related; E2 = randomized event related.

Cox et al., 2016. bioRxiv
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Multiple Comparison Correction

Nonparametric clustering: *3dClustSim* and *3dttest+-+ -Clustsim"®
o000 »-000s
9 8 8
2 6 6
& a4 4 4
2 2 2
o 3 o
4mm smm  smm lomm Amm emm  smm  10mm Amm 6mm  smm lomm
»-oom pow »-oon
9 8 8
. 6 6 5
£y 4 4|
2 2 2
o 3 o
A 6mm  Smm  10mm 4mm  6mm  8mm 10mm 4rm  6mm  8mm 10 mm
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.
Cox et al., 2016. bioRxiv
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Family wise Error Rate

Multiple Comparison Correction

8/28/20
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FWQM/212

= o 15 mm

Cox et al., 2016. bioRxiv

68

Family wise Error Rate
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Different Multiple Comparison Correction Strategies

20 vs. 20 Permutation 1000 times

Chen, Lu, Yan", 2018, Human Brain Mapping ™
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TABLE I. FWER and cluster size of ALFF (smoothness: 7.94 X 7.31 X 6.86) without GSR under corrections of GRF
Theory, AFNI 3dClustSim, and DPABI AlphaSim

(One-tailed twice) AFNI 3dClustSim DPABI AlphaSim GRF
Voxel threshold Cluster threshold FWER Cluster size FWER Cluster size FWER Cluster size
P<0.01(Z>233) P<0.05 40.0% 66.05+0.73 48.3% 60.24 = 1.68 36.5% 69.35+1.09
P <0.005 (Z>2.58) P<0.05 27.6% 43.59 =042 34.9% 3945+1.13 24.5% 46.70 = 0.75
P <0.001 (Z>3.09) P<0.05 11.5% 19.98 +0.34 18.40 = 0.61 10.6% 21.29 046
P <0.0005 (Z>3.29) P<0.05 9.6% 14. 25 8.2% 15.82+0.39
P<001(Z>233) P<0.025 30.8% 7450 = 1.14 67.72+2.36 27.7% 7896+ 124
P <0.005 (Z>258) P<0.025 23.7% 47.01+0.59 4448 +1.60 18.3% 5348+ 0.85
P <0.001 (Z>3.09) P<0025 8.6% 2263025 21.00 £ 0.87 6.8% 2494+ 041
P <0.0005 (Z>3.29) P<0.025 5.8% 1733 £0.22 16.03 £0.71 5.1% 1851 +0.50
20 vs.20 Permutation 1000 times
. . .
Chen, Lu, Yan*, 2018. Human Brain Mapping s

Family wise Error Rate

TABLE Il. FWER under correction of three kinds of cluster-based correction with the strictest threshold, 6 versions of PT-based correction as well
as FDR correction

FWER

ALFF  ALFF  ReHo DC VMHC  ALFF (8mm

Cluster
Voxel threshold threshold AL fALFF  ReHo  DC  VMHC with GSR withGSR with GSR with GSR  with GSR  smoothed)

71
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FDR corrcton s 3 260 see 4% 2w aen 2en 35 16
The smoothncss in the sccond row is the esimated effective smoothncs of the fnal metric maps fecd o statistical analyss, and was different form the applied smoothncss
(4 mm FWHIMD in pre proessing, The effecive smothncas wae use 113 versions of luserased corretion (.. GRF fheory correcton, APNI 3CHustSim and DPABI
Alphasim)
20 vs. 20 Permutation 1000 times
. . .
Chen, Lu, Yan*, 2018. Human Brain Mapping 2
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Test-retest Reliability

Test-retest reliability
Sex differences in test and retest

Time T1 Time T2

V1: significant
Voveriap| voxels in test

Va: significant
voxels in retest

Voverlap: VOXels

. 2 X Vovertap ignifi in both
Statistical significant voxels Dice = significant in bot
9 itV test and retest

Chen, Lu, Yan®, 2018. Human Brain Mapping
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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®, 2018. Human Brain Mapping - ettt e o 75

75

Reproducibility of R-fMRI Metrics on the 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).

77

77

8/28/20

test Reliability

TABLE IIl. Test-retest reliability of sex differences for all R-fMRI 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  ReHo DC VMHC
Voxel threshold threshold ALFF fALFF ReHo DC VMHC with GSR with GSR with GSR with GSR with GSR

AFNI 3dClustSim P <0.0005 P<0025 065 051 050 034 039 064 048 044 028 024
(one-tailed) (Z>329
DPABI AlphaSim 065 051 049 034 039 064 048 045 027 027
(one-tailed)
GRE (one-tailed) 064 051 050 035 039 065 048 043 028 024
PT cluster extent P <0.02 P<005 065 070 056 045 040 062 068 045 030 040
correction (2>233)
(two-tailed)  P<0.01 P<005 067 066 052 032 033 060 063 046 027 032
(Z>258)
P <0002 P<005 063 055 051 036 038 063 052 047 023 032
(Z>3.09)
P<0.001 P<005 064 051 048 037 038 064 048 044 028 026
PT TECE 068 075 054 048 044 066 074 044 031 042
FDR correction 064 067 054 039 037 063 064 047 023 029

For test-retest reliability for all the 31 kinds of multiple comparison correction strategies, please see Supporting Information Table S13

> Moderate test-retest reliability
> ALFF, fALFF, ReHo are better than DC and VMHC
Chen, Lu, Yan*, 2018. Human Brain Mapping
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212Mvs. 208 F X 2 times

Sample Size Matters

A
% 0.04
z 100 150 200
H Sample Size
Randomly draw k 02 B
subjects from the 061
“SWU 47 site in the
CORR dataset, which
has two sessions of 116
males and 105 females
50 100 150 200
02 Sample Size
_ 06 C
§ o4
£ oz
i
£ 0.0¢
* . . § 100 150 200
Chen, Lu, Yan", 2018. Human Brain Mapping £ oa Sample Size 76
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Permutation Test

@ PALM Setting

8/28/20

Permutation Test

Number of permutations

5000

Cluster Inference

| Cluster forming threshold (2)

23

@ TFCE | FDR |

Two talled

Acceleration method No ac«

n (few p n

B

516.

Cancel

Accept

Based on PALM: Winkler, AM., Ridgway, G.R., Douaud, G., Nichols, T.E., Smith,
S.M,, 2016. Faster permutation inference in brain imaging. Neuroimage 141, 502-
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Permutation Test

[2) T2_clustere_tstat_fwep.nii
T2_clustere_tstat.nii
T2_elapsed.csv
T2_tfce_tstat_fwep.nii

w

Contrast.csv

[2) DependentVolume.nii

Design.csv
PALMConfig.txt

T2_tfce_tstat_uncp.nii
T2_tfce_tstat.nii
T2_vox_tstat_fwep.nii
E T2_vox_tstat_uncp.nii
[2) T2_vox_tstat.nii

Based on PALM: Winkler, AM., Ridgway, G.R., Douaud, G., Nichols, T.E., Smith, S.M.,
2016. Faster permutation inference in brain imaging. Neuroimage 141, 502-516.
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[ ] PALM Setting
Number of permutations 5000
Cluster inference Cluster forming threshold (Z) 23
TFCE FDR Two talled

Acceleration method [IFEIEEF I L nE]

Tall approximation

Gamma approximation
Negative binomial

Low rank matrix completion
No permutation

Based on PALM: Winkler, AM., Ridgway, G.R., Douaud, G., Nichols, T.E., Smith, S.M.,
2016. Faster permutation inference in brain imaging. Neuroimage 141, 502-516.
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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.

. _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.

w
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ermutation Test

[ ] Set the Percentage Threshold

Mask File isticalDemo/AD_MCI_NC/DPABI2016/AD_NG/T2 tfce_tstat_fwep.nil .

Threshold <

Compute

84

14



Multiple Comparison Correction
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Multiple Comparison Correction

0.6

0.4

0.2

Family Wise Error Rate
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Chen, Lu, Yan*, Human brain mapp. 2017.

- 22 ma0s — ranpasaron
-5 228 008 -0 28 P05

3w pomizimaron S mm rom@amarcs

E o omm@amenon S mm o @amancos

2 o pompomasons 9 mm Tree

. Pe0.0D5 (22.56) & P<0.025 [——

0o (23088 P25
Pe0000s (2:329) & P0025

GRF LAl FOR

Different Multiple Comparison Correction Strategies

20 vs. 20 Permutation 1000 times

86

DPABI

DPARSF 4.5

DPABISU 1.1

Temporal Dynamic Andlysis

Quaty Control

Standardization

Statistcal Analysis:

Viewer

Utites

The R-fMRI Maps Project

88

800
Bran 1
Overay 0 Underay |cren ¢ o
L J G
e
2 i o |
v TN o e
= L eEE
—Poston

BEREIC]

Control

x[c gy Hz[- [

Sors
S

Seo=

[ avas. ]

e

) c

swewre... |

90

15



8/28/20

Results Viewin  _ ResulfsViewing |
800 DPABI_VIEW

Bran
Overay |

35048 underay [cem

o [+]

@00 Overlay List
Ovray e e e - o proc | cooow | Tmerom
(iAo RS UpastogSiainays] | [s20014] - (zaosr] | [zaverr] - [sovas 0 i

Coror
‘ wls @s Ov (M)
| Atas, | Structure.

91 92

ad= £ \A ale
8 00 Montage . 800 DPABI_VIEW
‘ o ron [ | oo [ oron [ |[<]] mnn [+ v [(smose. | F;:"'“ - ; rsepp—— = ”
[0 i e T ] o I
-
— poston [s]
x[o M v[e«H z[= ‘ 5
(["H =G «[>E ¢
3
’7 2
‘,m-sg.uwwww — - '
p - \\‘ 0
\ -1
5
-3
Y
1 :
93 94
esults Viewin —m Iﬂ_— Ning
800 DPABI_VIEW

Bran images-

Overay Tori (sersheg. 3 | - |35048  yUngeray [cam | e 4 .| 54 ‘

’7 i) «| [I—
600 GRF Correction
FRF Corecton Postion

Mask Fle  |’rograms/DPABI/Infialzing/Templales/BranMask_05_61x73x61.img

P | 6.7747 FwHy | 6.8806 e | 6.705 atn [0.40503
Nontage
Ca) s Ce))
Estmate smoothness on statistcal image drecty (folowing FSL easythresh codes) —
Gontro
Voxel p vaue Custer p value (] Two Tatled ’7 w % @ae [Jy [LNew
awms. | swewn..

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

Voxel P < 0.0214, Cluster P < 0.1, Two Tailed. T —————————

95 96

16



DPABLVIEW

Oy ) e $] [<[ T3] = | 120 unsony [smn

|Loe w

|
Time Course.

e00
File Edit View Insert Tools Deskiop Window Help

sentygI AT RDADRARSF , pdsingiAbarceT eI aningAFl

o ][ J[w] o [[]C]"] La
‘ ‘ [E[ DEde h KL89E 2 0@ eo
(K] H N .s), «= B ;
o 7
‘ T g v () 2
&= |
r "] N
=600 Time Course )
File Edit View Insert Tools Desktop Win
asas v <sose-al LW A, Al oot
3 [ 3 53

5

140

o

o

o

w2 Py

97

DPABI_VIEW

- |52001  underiay [en
4

m ony [+][=][N] [ D TmeCore 4

[ s J[ swowe.. |

1) Harvard Orkrd Cartes Seucaral A
it Gy, posacr i 1)

2 Horvard OvterdSerica Sruchrs A
it

99

DPABI_VIEW

‘w,, E|

== w o] ®

——
B B«=H
ESfaa)as)
ErE=

s S,

i

[

) ow [F[]N] [e ¢ Tmecars $

O O Selecta Structure

Latoral Ocopaal Corex.superior avison )

) Gecgan Corot. ider sl )
i Corer. ioor v ()

acaciog coro

Invacacama Cor

Fronial muulum «u

ronatiedai Cones )
apotacnat s o fomasy suzmem
SR LS8k Sk meny Sizben

PERARNC SR

@ pravew soncas sicare

101

8/28/20

DPABI_VIEW

35048 underay [cem

[ a 3 [ 3|

e 5]

A v [= E 00 |
« [« {28 5
H.=H "Harvard-Oxiord Cortical Stuctural Atlas 4

Harvard-Oxtord Subcorical Structural Atias
SRR Talarach Daemon Labels 3
2
1
0
-
2
L Remove Selected Atias l Cancel J L Accept

98

800

DPABI_VIEW

Bran
ﬂm [EETT=—

52001 ynderay e lee 3[ . | 8
r

[l

*rasmnnih_
- Y
=Hu[=H«[=H
L —
Elals

‘ Control

e @e O )

_|

Atas.

100

100

File Option Visualize Tools Help

BrainNet Viewer.

Sd 8 o VDR &« 66 >

¢ &
5 O

102

17



Results Viewing

M )< 8
Favorites

B sEzrse
B3 1rcas

B3 rraactive

S 1TraliOnline sis
3 Mobileworking

[ oneprive

< iCloud Drive

x Applications
[ Desktop
% Documents
© Downloads

Options

Templates B

RN
[ SchwarzRatTemplates >
SPMTemplates
TDdatabase.ma

WhiteMask_...47x56x46.hdr
& WhiteMask_..7x56x46.img
WhiteMask 61.hdr
& WhiteMask_...1x73x61.img
WhiteMask_...1x109x91
& WhiteMask_..x109x91.img
[ WisconsinRh...caqueAtlases »

1x

Yeo20 DPABLMat
F Ye02011_7N..k_Edge.nii.gz
N

Zalesky_980..._compact.nii
Zalesky_102...d_uniform.nii

Enable: | Brain Image Files (*img;*.nii;*nii.gz)

GZ

Ye02011_7Networks_M
NI152_FreeSurferCon...

7/10/11, 1:07 PM
7/10/11, 1:07 PM
7/10/11, 1:07 PM
Add Tag

Cancel Open

103

Results Viewing

— Pastion
x[ o [ ¥ o z o
Vo ]y e [ k| e

Montage:
A s 3

Atas. Structure

[ @ DPABIVIEW

san

(W,Y e e O underay oo
[me i v [a] o [[]] Lo

105

esults Viewin

DPABLVIEW

san
’7”"‘“ s [

- 19939 ndortay o
3

Postton.
x o v o[z o

Ve oy ek o=
Montage:

A s c
[~ Contal

At Structure.

[ — :

8/28/20

Results Viewing

aca oAl wiEw
5 Templates 2 hjlall a
ColorMap TGO 19 asyMove. T
[ SchwarzRatTemplates 3
E 14x3 double [0 sPMTemplates > -
————————, £ Todatabase.mat
1 2 3 » = WhiteMask
y 1 0 0 0, hiteMask.
2 0 0 0,
3 0 0 0 »
4 0 0 o> Ye02011_7Networks_C
s d o o » . olormap_ForDPABI.mat
6 0 0 [JR & Ye02011_7N..orDPABLma Today 1144 AV
- oday, 11:
v 9 o 0 - o Today, 11:44 AM
8 04706  0.0706  0.5255 Ye02011_7N...alMask.ni Today, 11:44 AM
‘ 9 0.2745  0.5098  0.7059 Y¥602011.17...0rDPABI.mat Add Tags.
‘ 10 0 0.4627 0.0549 Ye02011_17...alMask.nii.gz
Zal 9 compact.ni
11 07686 02275  0.9804 ;
d_uniform.ni

12 08627 09725  0.6431
13 09020 05804 01333 -
14 08030 02431 03059 %  MATfies(hmay [

Options Cancel Open

104

Results Viewing
eoce BrainNet Viewer
File Option Visualize Tools Help el
Gd B SN UL &« & >

106

[ ] Set the Percentage Threshold
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Further Help

e The ALMRI Wiki

The R-fMRI Course V2.1

http://wiki.rfmri.org

ﬁ The R-fMRI Journal Club
Official Account: RFMRILab
wechat

http://rfmri.org/Course
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Thanks for your attention!
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