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Quality Control

800 Set percentage
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This mask is very important for group statistical analysis!!!
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Statistical Analysis

eoe Statistical Analysis
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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 2xSD 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

Yan et al., 2013, Neuroimage  rui ens arice

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 **
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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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Statistical Analysis

One-sample Test
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Two-Sample T-Test

800 Statistical Analysis

[ Two-sampe Tiost
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Mask Fio
Output D

ow [ Corus | [ v |

T Statistic Image: positive corresponds to the mean of Group 1
is greater than the mean of Group 2
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Paired T-Test

é,-vog‘gf,
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L9 QP24 PL D
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+5 -1

ure 3. The between-condition differences of the ALFF within the DM, The ALFF differences were found between the EC and EO
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. Th statisical treshold was s at [>2093 (P<005)and cstr size
mm?, which corresponds to a corrected P<0.05.
Gol10137 el pone b0057439005

A Zsatsicl dfference maps between the AD patents and - and ncreased ALFFin the biateral PHG, biateral Hip bltera SFG,
heakhy aldoly (wichou. GM corrocton). The AD patens showed  bieral SMA,lefc FG,lefc PoCG, lf ITG, and e STG. For the
ek LN e . soe Tabe .
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‘ences in the ANOVA analyss (Fig 24).R. right: L . [Color figure
ne online. ssue, which is avable 3t

decreased ALFF in the biteral PCCIPCu efc LN, and rght ALC,  wileyonlnelbrary.com]

Wang?, Yan” et al., 2011, Hum Brain Mapp

Yan et al., 2009. PLoS ONE
2
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Two-Sample T-Test

LXK ] Statistical Analysis.
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Paired T-Test

800 Statistical Analysis

Parea Tost

Govarato imaass- Tox Govarates:

Ramove Aga | Ramovo s Romove g
outut
MaskFio
Ougut e
Compue |[ vep |

T Statistic Image

Condition 1 — Condition 2
Please make sure the correspondence

30



ANOVA or ANCOVA

Control

re 1.
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 >89 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

ANOVA or ANCOVA

Without GM Correction

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

ANCOVA

Group Images-

Statistical Analysis
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eo0e Statistical Analysis
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[2) F_PairwiseDiff_G1vsG2.nii
[2) F_PairwiseDiff_G1vsG3.nil
PairwiseDif a}
2) F_PairwiseDiff_p_G1vsG2.nii
F_PairwiseDiff_p_G1vsG3.nii
F_PairwiseDiff_p_G2vsG3.nii
F_PairwiseDIft_Z_G1vsGZ.ni
F_PairwiseDiff_Z_G1vsG3.nii
F_PairwiseDiff_Z_G2vsG3.nil

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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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.

34

Correlation Analysis
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Wang*, Yan* et al., 2011, Hum Brain Mapp 36
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Correlation Analysis

eoce Statistical Analysis
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Mixed Effect Analysis

[ ] ] Statistical Analysis
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Statistical Analysis

function [b_0LS_brain, t_0LS_brain, TF_ForContrast_brain, r_0LS_brain, Header] = y_GroupAnalysis_Lnage (DependentVolune, Predictor, Outputhane,
function 1b_0LS_brain, t_0LS_brain, TF_ForContrast_brain, r_OLS_brain, Header] = y_GroupAnalysis_Tnage (DependentVolune, Predictor, Outputiar

data file or the
he progran will

4D data matrix (DimX:DinYsDinZeDinTinePoints) or the directory of 30
ubjects) by N (traits). SHOULD INCLUDE the CONSTANT column if
. (should not have extention such as -ing,.pil)

Lenane of one 4
add constant

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

e perforned for the contrast

. then Header should be designated.

Outputiane_T.nii beta and t value files results
al.nil (optional) Residual files

sa

, 140 01d Orangeburg Road, Orangeburg, NY 1096:

22, Ush
ndolph Cowen Institute for Pediatric Neuroscience, New York University dy Center, New York, NY 10016, Usf

{DPABI_Dir}/StatisticalAnalysis/y_GroupAnalysis_Image.m

41

Mixed Effect Analysis

fALFF of MPFC Cingulate
1.24 *
* O Control

1.04 5 Il Maltreated
0.8 —

w

; 0.6

< 0.4 *
0.2
0.0
=0, 2- e

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

42



Statistical Analysis

Junction [b.0LS beain, ¢ 0L brain, T¢_ForContrast_bratn, _0LS brain, Hesthrl = . aict
orcontrast_brain, r_0LS_brain, Header] = y_GroupAnalysis_Inage (Dependentyolume, Predictor, Outputhas

Dependentvolune 4D data matrix (DinXsDinYsDinZeDinTinePoints) or the directory of 3D image data file or the filenane of one 4D
ctor jects) by N (traits). SHOULD INCLUDE the CONSTANT column if nceded. The program will not add constant

14 not have extention such as .ing,.nii)
Z+dinTinePoints) or the directory of inage covariates, in which the files should b
X matr

*need o be| perforned for the contrast

% Header foptianall - It bependentvotume is ix, then Header should be designated.
* output:

Outputhane_b.nii, OutputName_T.nii beta and t value files results

Outputhane_Residual.nii (optional) Residual files

Written by YAN Chao-Gan

histric Ressarch, 140 14 Grangeburg Road, Orangeburg, NY 10962,

atric Neuroscience, New York University Child Study Center, New York, NY 10016, U

% ycg.yanagnail. con

{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 [5.0L5.broin, € 0LS.brain, TF_ForContrast_brain, r_OLS_brain, Header] = predictor,

Tancrion To-0Lo.arain. o-0L8 brein, Tr-ForCentrest orain, roL3.brain, Repdtr] Ly orouphnatysLo Tosge bependentiatune,bredictor. oot
A Perforn regression analysis

% Input

40 data matrix (DimsOLRYSDIRZADIATineFOLNts) of the directory of 30 image data file o the filename of one dD

% bregictor - U Predictors M (subjects) by N (raits). SHOULD INCLUDE the CONSTANT colum if needed. The program will not add constant
OutpuTane - the outpUT nane. (should nat have extention such a5 .ing,.nii)

Fasked

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

s ag test or F-test need to be perforned for the contrast
IsdutputResidual fopts mm e

a0
Header loptional] - It Dependentyolume 13 given a5 3 40 Brain matrix, then Header should be designated
% Output

Outputhane_b.nii, Outputiane_T.nii beta and t value files results
% Outputhane Residual.nil (optional) Resigual files

* Written by VAN Chao-Gan 120823
¥ The Nathan Kline Institute for Poychiatric Rescarch, 140 016 Orangeburg Road, Orangcburs, NY 10952, Ush
ue. usa

atric Neuroscience, New York University Child Study Center, New York, NY 10016, US;
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Statistical Analysis

L

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

http://rfmri.org/DemoData
{Download}/Prc 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!!!

44

Statistical Analysis

©00 I\ General Linear Model ©00 X General Linear Model ©.0.0 I\ Model
EVs | Contrasts & F-tests| EVs Contrasts & Fests | 1
1
Number of main Evs [ % 1
2 3 Fesso 3
Number of addiional, voxel-dependent EVs [0 5 G2l e !
Paste | Gow  EVI  EV2 _Pase | JUCRE VIR EVE| 1
e |
Group _[Grow2 eI Rece b
l 2 2 r [Ga |- 1
nput 1 ED O]
brng E aroupt oroup?
2 o obee 1
Input 3 g @ wo 1 1
Input 4 El —_—
Input S E]
Input6 ]
Input 7 g
Input 8 ]
Setup orthogonalisations
View design | _Eficiency View design | Eficency

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

Multiple Comparison Correction




Multiple Comparison Correction

Correction
... | estimate about 15,000 *‘
papers use cluster size B
N . ) P4  NEUROSCIENCE, STATISTICS
inference with correction for fay  Correction for “Cluster failure: Why MR inferences for spatial
N P - extent have inflated false-positive rates,” by Anders Eklund,
multiple testing; of these, Thomas E. Nichols, and Hans Knutsson, which appeared in issue
28, July 12, 2016, of Proc Natl Acad Sci USA (113:7900=7905;
around 3,500 use a CDT of firt published June 25, 2016; 10.1073fpnas.1602413113),
= i Th the e 7900, the Signif; e
——— P=0.01...S0, are we saying Stigumani, Ehese el question the alidty of
3,500 papers are “wrong”? It e
» erbrers o
depends.... “These result question the v
e [as yea SO researc and may have o large impact o
significant neuroimaging results.”
< . ‘Additionally, the authors note that on page 7904, left column,
mig t be tota y useless -- Thomas Nichols i full paragraph, lnes 1-3, 1 s not feasble o redo 40,000
> MRI studies, and lamentable archiving and data-sharing prac-
JuIy 06, 2016 tices mean most could not be reanalyzed either” should instead

car 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, online version has been corected
about 40,000 papers on brain research e 20
may now be'invalid. :

Multiple Comparison Correction

Bonferroni correction: p=0.05/5=0.01

g ;
E

&
0 O T ¢

oo
oD

1 2 4

T

P=0.05 P=0.05 P=0.05 P=0.05 P=0.05
ProbSbiyat{sbsity PFobabilitprsivantlity wriRity of not sl ; "
gettir?gggg;;osgg‘ta falgetting a faéteing a @RSEIng a false
positive pessiltive resydasitive resasitive red@fitive result:
1-0.05 2 0.0M5 = 095 0.05 =D.96.05 =b.98-05 = 0.95 o
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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_clured peqlqred Total
= Bonferroni correction: 0.05/5=0.01 non-significant | significant
= Gaussian Random Field theory correction True null hypoth 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 FDR Theory

8 00 DPABI_VIEW
’TO’::n-y‘ T2 NCNE. 4| |~ 093236 undoray [wem o t)[2] =
e Let Hy, -, Hm be the null hypotheses and P4, -, Pm “m e *

their corresponding p-values. Order these values in Postan— =
x[o g v[e Hz[oF

L

increasing order and denote them by P(1), =, P(m). For a

(BB «[=B
. . nage———————————————————— 8
given q, find the largest k such that Pk = kq/m. '”; ) (o) ,
~ Gonta. ;

w% @o Oy (M
0

*Then reject (i.e. declare positive) all Hj fori =1, -, k. Atas. sare
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FDR Theory ultiple Comparison Correction

Gaussian Random Field Theory Correction
Monte Carlo simulations (AlphaSim)

800 FDR Correction ,
FDR Co o
—_—— 9
| Mask Fie | | |
qvaue 0.05 ’
( Compute

57 58

e CQ 0 orrectia Multiple Comparison Correction
8 00 DPABI_VIEW

Bran

(m.n.y e

Overay Contiqure

™« o e [Far] Mare
8600 GRF Correction
Poston FRF Corecton

x[« fv[=Hz[= E
Mask Fle  |*rograms/DPABI/Inftalzing/Templates/BrainMask_05_61x73x61.img

[~ H[=H« =8

3 Fwhx | 67747 | FweMy | 6.8806 Pz [ 6705 an (040503
wontage—————————————

(A

(e

‘Estimate smoothness on statistical image directy (folowing FSL easythresh codes)

5)
w % @e Oy (M)

Voxel p value Custer p value ) Two Tatled

-T2
(

Auas. | swowe.. |

Compute

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

800 AlphaSim Correction
MaskFio  [fUsersiycll o
FwHMx | 67747 | Fwhmy | 6.8806 Pz | 6.705 an [0.40503

Estimate smootnness on statistical image drectly (folowing FSL easytnresn codes)

Campute ]
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original
signal

__TFCE
enhancement

Fig. 1. Tlustration 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 area of “support” of p (light grey). The score for each section is a simple function of its height & and extent e. Right

ampl i TFCE-enhanced output. The focal, high signal, a much , lower, i foverlapping
signals of intermediate extent and height. The TFCE output has the same maximal values for all three cases, and preserves the distinet local maxima in the third
case.

Smith et al., 2009. Neuroimage
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Non-parametric: permutation

*  We can permute the data itself to create a distribution that we can use
to test our statistic.
BN BIBEASHTER, NIRATBTURSHERNST.
+ Makes very few assumptions about the data s¥EHIRDEBIR

+ Works for any test statistic BRFE@LZIT

One re-labelling t-value after re-labelling

E—REITC EiTCEE

3 t=0.67

°
J e A | Orriginal

P abeing
1| e s RiaHFC
R 2 - °

Gi #

o Let’s start collecting them7F 41k stitA)
Winkler et al., 2016. Neurolmage; Converted from FSL course 65
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Multiple Comparison Correction

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 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

Permutation Test

Permutations

Frequency

p-value

Test statistic

Winkler et al., 2016. Neuroimage
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Non-parametric: permutation

* We can permute the data itself to create a distribution that we can use
to test our statistic.
BRI RIE A S #TER, NOIRAATURSHERNST.
+ Makes very few assumptions about the data st#UEMBHOEIR

+ Works for any test statistic ERFEELIT

Second re-labelling t-value after re-labelling®

BoRETE FRE/EfE
3 t=197
4 8 \ Orriginal
8 . .
i £ labelling
1 s 8 TRAHRIE
N
0 1 2 b 0
Group #
And another ones—+
Converted from FSL course 66

66



Non-parametric: permutation

*  We can permute the data itself to create a distribution that we can use
to test our statistic.
BRI BIERSHTEIR, MEIRATAFURAAIHERNS .

+ Makes very few assumptions about the data EBHMRDHIBIE

+ Works for any test statistic BRFE@Lt

Of the 5000 re-labellings, only 90 had a t-value >
2.27 (the original labelling).
FES000MEFTICH, RAEOMHE>227 (RIBHFE) .

obtaining a value > 2.27 if there is no difference
between the groups

le. there is only a ~1.8% (90/5000) chance of Original
labelling

CA.p(x22.27) = 1.79% for 1 FRIHRIE
DUREEZEIAER, WAL (oso0) pRane | ik |
22709fH, CRuI8ip (x227) = 1.79% 5000 re-labellings. Phew!
SOORETIE, 18!
Converted from FSL course 67
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Multiple Comparison Correction

@ CrossMark

Cluster failure: Why fMRI inferences for spatial extent

have inflated false-positive rates

Anders Eklund®*<", Thomas E. Nichols*<, and Hans Knutsson*<

J2@  “Divsion of Medical Informatics, Department of Bomedical ngineering, Linkeping Universty, 581 85 Linkoping, Sweder; "Division of Satistic and

Machine Learning, Department of Computer and Information Science, LinkSping Universiy, $:581 83 Linkbping, Sweden; ‘Center for Medical Image

s and Vialzaton Linkooing Unversi, 561 83 Linkopin, Svedes Department of Statts, Univery of Warwiek.Corenty Qi 7AL United

Kingdom; and "WMG, University of Warwick, Coventry CV4 7AL, United Kingdom

Edited by Emery N. Brown, Massachusetts General Hospital, Boston, MA, and approved May 17, 2016 (received for review February 12, 2016)

Eklund et al., 2016. PNAS
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m 12 May 2015, RW Cox, 3dClustSim, level 2 (MINOR), type 5 (MODIFY) _
Eliminate edge effects of smoothing by padding and unpadding

£ 20 20}
d A

= » 10 mm ¢

4s, L 45, as,
£ 20| 20| 20

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 dluster-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 3dCIustSim 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
(4-10mm). B1= 105 block; B2 = 30 5 block; E1 = regular event related; E2 = randomized event related.

Cox et al., 2016. bioRxiv

Get p: Parametric vs. non-parametric

Parametric Non-parametric
Normal Any

Homogenous and

Homogeneous
Heterogeneous
Ratio or Interval | Ordinal or Nominal
Independent Any

Mean Median

Can draw more Simplicity; Less
conclusions | affected by outliers
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Beljing, two sample t-test, 6 mm, ad-hoc cluster inference
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Fig. 1. Results for one-sample  test, showing estimated FWE rates for (4) Beijing 1
ifferent actiy parociams 8, 53,1, an 2 for S, FSL AP and o permutoc
0
& Guserdefning threshold (COT) of P« .01 and & FWE <orected treshld o P+ P FLAVET FSLOLS  Sdtest SAMEWA
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does not have a defoult setting)

Eklund et al., 2016. PNAS
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ultiple Comparison Correction

errts.subl 1344 WH 0.38sexp~r®/244 83°]+0 62sexp(~r/6.86]

. ~— Gaussian matched to FWHM
5 —— (empirical) ACF
£ —= Mixed model fit
E .
<
§ s
k1 12
z . FWQM/2
R NN e e an 0 15 mm
© (mm)

Cox et al., 2016. bioRxiv
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Multiple Comparison Correction

Nonparametric clustering: *3dClustSim" and *3dttest++ -Clustsim"

o010 om0 »0005
8 8
2 6| 6
& 4 4
2 2

Amm 6mm  gmm  10mm O imm emm &mm i0mm O imm emm  emm 0mm

=0 =002 p=0o01

8 8 8
e 6 6| 6
£a 4 4
2 2 2
0

O —dnm 6mm smm 10mm O —dmm 6mm amm 10mm Amm 6mm smm  10mm

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

60:

B P<001(2>2.33) & P<0.05 B P<002(25233) & P<0.05
g M P<0005(Z258)&P<005 o WM P<001(2>258) & P<00S
2 W Pe0001 (22309)8P<005 2 P<0.002 (2-3.09) & P<0.05
1S B P<0.0005 (2>3.29)& P<0.05 | MMl P<0.001(2>3.29) & P<0.05
Q BN P<001(2>233)&P0025 o WM TFCE
S M P<0.005(252.58)8 P<0.025 |5 HE  VOX

P<0.001 (Z>3.09) & P<0.025 Expected
40 P<0.0005 (2>3.29) & P<0.025 — 95%Cl

20

Family Wise Error Rate (%)

GRF Ll §OR

i W
pEN 360‘“56;,»5\ papna

Different Multiple Comparison Correction Strategies

20 vs. 20 Permutation 1000 times
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Family wise Error Rate

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

Chen, Lu, Yan®, 2018. Human Brain Mapping
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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

TWER

Claster AUFF  ALFF  Refo e VMHC  ALFF 8 mm
Voxel threshold  threshold  ALFE  fALFF ReHo  DC  VMHC withGSR withGSR  with GSR with GSR  with GSR  smoothed)

(One-tailed twice) AFNI 3dClustSim DPABI AlphaSim GRF
Voxel threshold Cluster threshold FWER Cluster size FWER Cluster size FWER Cluster size
P <001 (Z>233) P<005 400%  6605+073  483%  6024+168  365% 69354109
P <0.005 (2>258) P<005 276%  4359+042  349% 3945113 4670+075
P <0.001 (Z>3.09) P<005 11.5% 19.98 034 15.8% 18.40 = 0.61 21.29 =046
P<00005(Z>329)  P<005 9.6% 1453025 125% 13.93+054 1582039
P<001(2>233) P<0025 308%  7450+114  390%  67.72+236 7896+ 124
P <0.005 (Z>2.58) P<0.025 23.7% 47.01 =059 27.1% 4448 £ 1.60 5348 +0.85
P <0.001 (Z>3.09) P <0025 6% 22,63 025 10.6% 21.00 +0.87 2494041
P<00005 (2>329)  P<0025 5.8% 17335022 79% 1603071 1851+ 050
20 vs. 20 Permutation 1000 times
75

Chen, Lu, Yan®, 2018. Human Brain Mapping

Smoothness 79x 734x 936 x 78X 631X 79X 7RX 94X 806X 61X 1Lsx
(mm, xxyx2) 73X 7a2x BMX 797X 687X 731x  74lx  B%x  Blex  6elx  ILsx
» o6l 19 i 500
“ATNI 3dCTustsim P < 00005 P00 S1% 7% 8% 60% o6 6% 6% 6A%
(one-tiled) @>329)
DPABI Alphaim 7% B3 85N 102 90% 8% 7% 78% 8% 96% 9%
(one-tiled)
GRF (one-ailed) 1% 74% 51% 4%
7= ZTE5RT To% &2 g
@>2%)
(wolailed)  P<001 P<OOS 4%  40% ST 6%  55% 5% 8% 5% 50% 4% sa%
@>25)
<0002 P<O0S 45N A1% 5% ABN 42N 45%  S0%  SI% 4™ 4% 4%
>3
<0001 P<OOS 8% 45N 4% 4% d4% 4% sa%  a2% a9 a1
(@>32)
PTTRCE 46% 3% 7% 50% 4%%  53% 7%
PTVOX AL agn % 3% A7 60 0%
FDR correction 31% 3%  4A% 24% 3% 41%  28% 24%

The smoothness in the second row is the estimated efective smoothness of the final melric maps fec to statisical analysis, and was different form the applied smoothness
(4 mm FWHM) in pre-processing. The effective smoothness was used in 3 versions of cluser-based correcton (i, GRF theory correcton, AFNI 3dClustSim and DPABI
AlphaSim)

20 vs. 20 Permutation 1000 times

Chen, Lu, Yan®, 2018. Human Brain Mapping
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Test-retest Reliability

Test-retest reliability
Sex differences in test and retest

Time T1 Time T2

Vi1: significant
Voveriap| voxels in test

Va: significant
voxels in retest

Voveriap: VOXels
significant in both
test and retest

o Dice = 2 X Vovertap
Statistical significant voxels R AA

Chen, Lu, Yan*, 2018. Human Brain Mapping
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Test-retest Reliability

TABLE IIl. Test-retest reli 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) (2>329)
DPABI AlphaSim 065 051 049 034 039 064 048 045 027 027
(one-tailed)
GREF (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<001 P<005 067 066 052 032 033 060 063 046 027 032
(2>258)
P<0.002 P<005 063 055 051 036 038 063 052 047 023 032
(2>309)
P<0001 P<005 064 051 048 037 038 064 048 044 028 026
PT TFCE 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 513
> Moderate test-retest reliability

> ALFF, fALFF, ReHo are better than DC and VMHC .
s 3 _ X
Chen, Lu, Yan®, 2018. Human Brain Mapping 212Mvs. 208 F X 2 times 78
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PT with TFCE outperforms

[ —
A

] 1

e
Permutation test TFCE, a ——
strict multiple comparison B I
correction strategy, reached ’
the best balance between : [

family-wise error rate (under
5%) and test-retest reliability

el
/ replicability teed
AR
Seees
Chen, Lu, Yan", 2018. Human Brain Mapping [E—— 79

79

Reprodu lity 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).
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ermutation Test

(] PALM Setting
| Number of permutations 5000 |
|@ cusiernterence | | custerfomng mresnoki @ | 23|
ﬁ TFCE FDR | Two talled
Acceleration method No acceleration (few permutations) H
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-
516. 83

Sample Size Matters

A
% 0.6
;g 0.4
z
2 02
i
£ 0 100 150 200
& o0 Sample Size
Randomly draw k - B
subjects from the 087
“SWU 47 site in the 0]
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Chen, Lu, Yan", 2018. Human Brain Mapping Y Sample Size 80

83

80

Permutation Test

ece Statistical Analysis
Two-Sangl Taest °]

o Govarato -

Ramove g Ramove Ada Remove. Add

Mask Fio
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[ ] PALM Setting
Number of permutations 5000
Cluster inference Cluster forming threshold (Z) 23
TFCE FDR Two talled
PUTIETRRILIOLLE v No acceleration (few permutations)
Tall approximation
Gamma approximation

Negative binomial
Low rank matrix completion
No permutation

Based on PALM: Winkler, A M, Ridgway, G.R., Douaud, G., Nichals, T.E., Smith, S.M.,
2016. Faster permutation inference in brain imaging. Neuroimage 141, 502-516.
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[::] T2_clustere_tstat_fwep.nii

E] T2_clustere_tstat.nii
T2_elapsed.csv

[2) T2_tfce_tstat_fwep.nii

[2) T2_tfce_tstat_uncp.nii

[2) T2_tfce_tstat.nii

[:;7 T2_vox_tstat_fwep.nii

E] T2_vox_tstat_uncp.nii

=] T2_vox_tstat.nii

Temp >

Based on PALM: Winkler, AM., Ridgway, G.R.,

Contrast.csv

E] DependentVolume.nii
Design.csv
PALMConfig.txt

Douaud, G., Nichals, T.E., Smith, S.M.,

Permutation Tes

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.
. The TFCE maps are similar to Points 1, 2 and 3.

2016. Faster permutation inference in brain imaging. Neuroimage 141, 502-516.
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rmutation Test
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Multiple Comparison Correction
L] @

Postion L s [ )] Set the Percentage Threshold
x[o gy o Hzlo s T
Mask File  1sticalDemo/AD_MCI_NG/DPABI2016/AD_NG/T2 _tice_tstat_twep.ni | | -
— Montage- 3
A s © 2 Threshokd 0.05
[~ Control ;
0w % - ¥ New
A g Compute
Atas, Structure

88

Multiple Comparison Correction
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Different Multiple Comparison Correction Strategies

Lu, Yarv, Human brain mapp. 2017. 20 vs. 20 Permutation 1000 times
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P 8 00 Utilities

" o" ovcou Sonar

| Image Cakuitor

=

OPARSF 3.2 for Monkey Data

OPARSF 3.2 for Rat Data
Multple T1 Images Averager

Proprocassng for Task WA Data

vem T1 Image Defacer

Quaky Convol
Voxel Sze Augmentor

Sungarazaton

Stansical Anayss ROI Signal Extractor

Test-Retest Relabity: ICC

9T
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Image Calculato

Example expressions:

(a) g1-1 Subtract 1 from each image in group 1

(b) g1-g2 Subtract each image in group 2 from each corresponding image in
group1

(c) i1-i2 Subtract image 2 from image 1

(d) i1>100 Make a binary mask image at threshold of 100

(e) g1.*To4D((i1>2.3),100) Make a mask (threshold at 2.3 on i1) and then apply to
each image in group 1 (group 1 has 100 images)

(f)  mean(g1) Calculate the mean image of group 1

(@ (i1 (g1))./std(g1) Calculate the z value of i1 related to group 1

(h)  corr(g1,92,"temporal”) Calculate the temporal correlation between two
groups, i.e. one correlation coefficient between two "time courses" for each voxel.
(i) corr(g1,92,"spatial”) Calculate the spatial correlation between two groups, i.e.

one correlation coefficient between two images for each "time point".
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Further Help

The R-fMRI Course V2.1

fhct

Chao-Gan Yan, Ph.D.

http://wiki.rfmri.org

ﬂ% The R-fMRI Journal Club

Official Account: RFMRILab

yn@gn
ittt

Institute of Psycholo nese Academy of Sciences

http://rfmri.org/Course
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Image Calculato

800 Image Calculator

[QTY16] (ALFF) /USersyCa/TraANTTTaDaia/DP ARSF_UpGating/STaiis
(920116] (ALFF) /UsersNC/TraAWITraData/DPARSFUpdating/Statis

Remave

Ramove

Exprossion @92 rop |

Output D

Protix 9192

Compute |

Reading and Writing functions

Reading:

[Data Header] = y_Read('brodmann.nii’);

Data — 181+217+181 double

Header - Structure

Processing:
BA20Data = (Data==20);

Writing:
y_Write(BA20Data, Head, 'BA20.img');

y_ReadRPI
y_ReadAll
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Thanks for your attention!
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