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“Reproducibility Crisis”

RESEARCH

Estimating the reproducibility of
psychological science

Open Science Collaberation

Open Science Collaboration, 2015. Science @

Introduction

False findings may be the majority majority of published
research claims

a700% b SET% © 3UW 4a(65%)
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Analysis of the reproducibility of published data in 67 in - house projects

Prinz et al., 2011. Nat Rev Drug Discov @
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ANALYSIS I ANALYSIS

Power failure: why small sample
size undermines the reliability of

neuroscience Scanning the horizon: towards

transparent and reproducible
neuroimaging research

Button et al.,, 2013. Nat Rev Neurosci pojgrack, et al., 2017. Nat Rev Neurosci
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Test-retest reliability
Time T1 Time T2

EoE=

Replicability

Defining reproducibility

E=k=




Defining reproducibility

Unthresholded statistical maps (A)

Overlap statistical maps (B) @
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Figure. Critical region for the test of significance.
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cibility and Multiple Comparison
Correction
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Reproducibility and Multiple Comparison
Correction

Multiple Comparisons

Bonferroni correction

The Bonferroni correction rejects the null hypothesis for
each pi=a/m , thereby controlling the FWER at <a

m

rwer- e {{J(n < )} < S (p (o< )} = < <o

Carlo Emilio Bonferroni

®

Reproducibility and Multiple Comparison
Correction

Multiple Comparisons

Gaussian Random Field Theory Correction

Monte Carlo simulations (AlphaSim)




Reproducibility and Multiple Comparison Correction

Permutation Test

Permutations

i Ronald Aylmer Fisher

Frequency

p-value

Test statistic
Winkler et al., 2016. Neuroimage S
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Reproducibility and Multiple Comparison Correction

Threshold-Free Cluster Enhancement (TFCE)

no M=

|\ TRCE
[ ‘H enhancement

J \ -

Fig. 1. llustration of the TECE approach. Left: the TFCE score at voxel p i given by the sum of the scores of allincremental supparting sections (one such is
shown as the dark: ind) within the area of “suppart” of p (light grey). The score for each section is a simple function of its height h and extent e. Right:
example input imag gnal, 8 much more spatially extended, lower,signal an iapping
signals of intermedist values for ll three cases, and preserves the distinet loc
case.

height. The TFCE output has the same

Smith et al., 2009. Neuroimage

Multiple Comparison Correction
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Cluster failure: Why fMRI inferences for spatial extent
have inflated false-positive rates
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15 years of brain research has been invalidated
by a software bug, say Swedish scientists

# Up to 70% of fMRI analyses produce at least one false positive, challenging the validity
of over 40,000 studies.

Eklund et al., 2016. PNAS
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Statistical thresholds

Reproducibility is highly sensitive to the statistical threshold used to
define significance

Rombouts et al., 1998 @

Introduction

Small samples in neuroscience

Sample size

o Ons group
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Poldrack et al., 2017
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Median sample size: 15 for one group
studies and 14.75 per group for two
group studies (Carp, 2012)
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Introduction Introduction

Low power studies are unlikely reflecting a true effect . .
Small samples in neuroscience

« The financial issue ‘Why Does an MRI Cost So Darn Much?
e e i 000

When it comes to pricey hospital procedures, Mtls corae ta mind. Sure snough,
‘sccording to recent
Health, the averags cos
that nusmber.
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John P. A. loannidis

g data analyzed by NerdWaller o
7 MR the U.5.is $2.611. Heres whats behind .
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« Good test-retest reliability

L RH

...However, reliability cannot @ @ @ E

Wirasession ALFF Inter-session
guarantee replicability

Introduction
Outline
Summary
® The impact of multiple comparison correction strategy
(considering FWER) on reproducibility (test-retest .
reliability and replicability) * Materials and Methods

® The impact of sample size on reproducibility (test-retest
reliability)

Introduction Materials and Methods

Defining reproducibility

Participants and Imaging Protocols
We sought to propose a quantitative method to calculate reproducibility of
R-fMRI metrics

FCP Classic Data sh
Sex differences Eyes open eyes closed
(EOEC) differences

CeRR
CONSORTIUM FOR
RELI AND

ABILITY
REPRODUCIBILITY

Consortium for Reliability . .
and Reproducibility (CORR) 1000 Functional Connectomes Project (FCP)




Materials and Methods

1000 Functional
Connectomes Project
(FCP) dataset

Sample size: 716 (296 M vs. 420 F),
Same inclusion criteria

CORR dataset

Sample size: 420 (212 M vs. 208 F)
Scanned 2 times

Inclusion criteria (from 549):

Age between 18 and 32

No extreme head motion

No poor T1 or functional images, low quality
normalization or inadequate brain coverage

Beijing EOEC1 dataset Beijing EOEC2 dataset

Sample size: 48
Eyes-open vs. eyes-closed
Same Inclusion criteria

Sample size: 20
Eyes-open vs. eyes-closed

Same inclusion criteria

Chen, Lu, Yan®, 2017. Human Brain Mapping
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Materials and Methods

Preprocessing
1. The first 10 volumes were discarded
2. Slice-timing correction
shifted to the slice at the mid-point of each TR
3. Realignment ;
six-parameter (rigid body) linear transformation — 8
two-pass procedure .
4. Co-registration and segment

six degree-of-freedom linear transformation without o -~

5. Transformation from native space to MNI space
Diffeomorphic Anatomical Registration Through

Exponentiated Lie algebra tool (DARTEL)

ut Precesseg et 1 R Gur MR
st DPARSF 4

re-sampling v el

Materials and Methods

Nuisance Regression

A General Linear Regression

Yi = fo+ BiXu + BaKia 4o Kips + 5
Model including: Fork BiXuu+ oz koo 4 Bt Kim

1. Head motion

Friston 24-parameter model and mean FD

N

Global Signal Regression (GSR)

Results both with and without GSR were evaluated

w

. Other sources of spurious variance
WM and CSF signals

>

Linear trends
Temporal bandpass filtering (0.01-0.1 Hz)

All time series except for ALFF and fALFF analyses

O

Materials and Methods

A Broad Array of R-fMRI Metrics

ALFF:

The mean of amplitudes within a specific frequency domain (here, 0.01—
0.1Hz) from a fast Fourier transform of a voxel's time course

fALFF:

A normalized version of ALFF and represents the relative contribution of
specific oscillations to the whole detectable frequency range

ReHo:

Arank-based Kendall’'s coefficient of concordance that assesses the
synchronization among a given voxel and its nearest neighbors’ (here,
26 voxels) time courses

Degree Centrality:

The number or sum of weights of significant connections for a voxel. The
weighted sum of positive correlations with a threshold of r>0.25

VMHC:

The functional connectivity between any pair of symmetric inter-
hemispheric voxels

o

Computational Methodology

Amplitude of low frequency fluctuations

Preprocessed

1 b A
gy

Power

Spectrum

‘oot oosmz

®

Zang et al., 2001

ALFF

PET
(Raichle et al., 2001)

ALFF
(Zang et al., 2007)

noise

Computational Methodology




Computational Methodology

Improvement: fractional ALFF

Suprasellan
cistern fm()

P
frequency (Hz) frequenscy (Hz)

3
Zou et al., 2008. J Neurosci Methods
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Computational Methodology

Regional Homogeneity (ReHo)

Similarity or coherence of the time courses
within a functional cluster

Z(R:)* - n(R)

W= i L =
! Kn® —n
12 ) (Zang et al., 2004)

Computational Methodology

ReHo: motor task state vs. pure resting state

I Rest > Motor

; é J| B Motor > Rest

a) Higher ReHo in bilateral primary motor cortices
during motor task

b) Higher ReHo in default mode network (PCC,
MPFC, IPL) during rest (Raichle et al.,, 2001; Greicius et al., 2003)

(zang et al., 2004)

Computational Methodology

Degree centrality

Zuo et al., 2011. Cereb Cortex

Cole et al., 2010. Neuroimage

Computational Methodology

¢ Voxel-mirrored homotopic connectivity (VMHC)

BX i
@HQ“E iy *%

)
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Zuo et al., 2010
k- a

Gee etal., 2011

Materials and Methods

p<005
one-tail critical region

p <0025 p=<0025

two-tail critical region(s)

p=<005 .,
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Materials and Methods Materials and Methods

Evaluating FWER of Different Strategies to Correct for Test-retest reliability
Multiple Comparisons

Sex differences in test and retest

TmeTi | TimeT2

106 females é @ ’
Permutation, 4
40 females ﬁ “ Q o
repeated for 1000 V;: significant
\ times Vi | Vowns| V,]  VOxelsintest
20 females 20 females % 4 Q 2 V,: significant
A \, Q %’ voxels in retest
ple Corr.lparison Ixv vaev\_aé voxel
Correction Statistical sinificant | Dice =~ 2verian significant
atistical significant voxels v, +V, test and rt
Significant differences? False Positive! 8

Materials and Methods

Materials and Methods

Influences of Sample Size on Test—-Retest Reliability,
Sensitivity and PPV

Replicability

“SW i he CORR dataset

Site B Q

k/2 116 males k/2 105 females
‘,amm.zed 100 times < > ‘ O randomized 100 times

wf &h V,: significant 0,80,90,100,120,1
‘ f Q"\ Va: significant Test-retest reliability (Dice
S g t I
- I Dice = 2% Vovertan significant j
Statistical significant voxels

itV site Aand

Materials and Methods

Influences of Sample Size on Test—-Retest Reliability,
Sensitivity and PPV

CORR session 1 “ CORR session 2 K 4 FCP dataset
PT with TFCE o

Statistical ‘

L Positive Predictive Value, PPV
significant “Gold standard” Y
voxels

After a research finding has been claimed based on achieving formal statistical
significance, the post-study probability that it is true

Gold L
FP °

Sensitivity = ——— TR ————p—
standard TP +FN o o
P PPV=(1-BR/(R-BR+q) ™= = =

e

PPV =T3P E
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B P<O.01{Z5233) & P<0.05 B P<0D2(752.33) & P<00S
PGS (22 BP0 g P<0.01 (222.58) & P<0.05
P<0.001 (Z>3.08) & F<005 2 F<0.002 (£>3.08) & P<0.05
W P<0.0008 (2>3.20) & P<0.05 |2 P<O.001 (223.28) & P0.05
P<O01(25233) & P<0.025 O WM TFCE

Pe0.005 (2-258)8 P<0.025 F BBl VOX

P<0.001 (Z>3.08)& P<0.025  —— Expectod

P<0.0005 (25320} £ P00 —.—. 95% CI

One Tailed

40

20

Family Wise Error Rate (%)
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leferent Multiple Comparison Correction Strategies
FWER calculated with ALFF without GSR (4mm FWHM smoothing kernel)

Cluster threshold FWER  Cluster size

Test-retest reliability of between-subject sex difference

st-retest reliability (dic

Cluster ALFE  (ALFE  Re ¢ VMIC
hold ALFF fALFF Reflo DC VMHC with GSR with GSR with GSR with GSR with GSR

PTTICE
PTVOX
FOR

@ Moderate test-retest reliability
@ ALFF, fALFF, ReHo are better than DC and VMHC

Test-retest Reliability

Test-retest Reliability (Sex Difference)
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Chen, Lu, Yan®, 2017. Human Brain Mapping
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Replicability of between-subject sex difference

Replicability (4

petficient
ALFF (ALFF  ReHo  DC with  VMHC

ALFF fALFF Rello DC VMHC with GSR with GSR with GSR  GSR  with GSR

AFNI %dChastSim P

a7 » 008 2 ®

PTTRCE
T VOX o,
FDR correction 015 0.6

00s 05 008 w

@ Poor replicability




2 Replicability (Sex Difference)
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ALFF ALFF Retto Degree Centraity vmHC

a1 GSR

W

GsR

Replicability of within-subject EOEC difference

Replicability (dice coefficient)

Cluster ALFF  fALFF  Relo DCwith VMHC
Voxel threshold threshold ALFF fALFF ReHo DC VMHC with GSR with GSR with GSR ~ GSR  with GSR

AENI 3dClustSim P < 0.0005 P<0025 005 011 026 003 010 014 011 031 007 010
(one-tailed) (2>3.29)
DPABI AlphaSim 015 001 026 0.03 010 0.4 011 031 007 0.09
(one-tailed)
GRF (one-tailed) 005 011 027 004 010 014 011 030 005 010
PT cluster extent P < 0.02 P05 046 027 044 024 021 041 030 049 028 017
correction (Z>23)
(two-tailed)  P<0.01 P<005 039 024 040 020 016 035 021 048 018 021
7> 2.58)
P<0.002 P<005 022 016 032 006 014 019 016 035 009 012
(2>3.09)
P<0.001 P<005 015 011 027 004 010 014 011 030 005 0.09
(2>3.29)
PT TFCE) 049 031 045 029 020 046 032 047 030 0.20
PT VOX 000 000 001 000 000 0.0 0.00 001 0.00 0.00
FDR Correction 009 000 029 003 008 012 0.00 034 012 010

@ Higher than between-subject sex difference but still not moderate

Between-subject Sex Diferences Within-subject EOEC Differences

r
Y

) s o

A

ot ,

Within-subject design has larger effect size

2 Replicability (EQOEG Difference)

C

; ;
Iy

Median Rank and SD in the Friedman Test
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Without GSR

i GSR

4 Eyes open > Eyes closed in bilateral occipital cortices

4 Eyes open < Eyes closed in bilateral pre- and post-central gyrus




PT with TFCE outperforms

" -

T

%
Permutation test TFCE, a strict
multiple comparison correction 8

strategy, reached the best balance
between family-wise error rate

(under 5%) and test-retest
reliability / replicability

Chen, Lu, Yan®, 2017. Human Brain Mapping
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Sample Size Matters

A
1 0.6y
I od
F
3 o
[
i
1% 50 )
LI Sample Size
Randomly draw k subjects 08y B
from the “SWU 4" site in the
CORR dataset, which has ™
two sessions of 116 males 3 o0z
and 105 females "
oo 50 100 150 200

Sampie Size

[T ——"

Chen, Lu, Yan*, 2017. Human Brain Mapping

60 W P<0.01 (252.33) & P<0.05 B Pe0.02(2-233)8 P<0.05
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1w P<0.0008 (Z5320) & P00s (S BB P<0.001 (253.20) & P<0.05
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Family Wise Error Rate (%)
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Different Multiple Comparison Correction Strategies
FWER calculated with ALFF without GSR (8mm FWHM smoothing kernel)
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Friedman test of 10 different correction strategies on test-retest reliability regarg
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Replicabilty (Sex Difference)
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Friedman test of 10 different correction strategies on replicability regardin
sex difference

3 20
B H B
LE
5
2 i 1
5 i i
£ i <
: i i
E e —
‘Q&»::‘&m&“? f‘“m"‘ Mﬂm\ «w\@ﬁ o "wn‘j O ,f*“w" 'ﬁ' v":’@" A
RIS \w‘ g e
RSt Sty et fP‘"f:'d
e ”
O e
s o

c i Repicabilly (EOEC Difrence) c Repicabily (EOEC Dilerence)
]
2
: I i i ; i
o O I
«@mwﬂ“ﬁ; KoK :H;L“n‘ﬂ;‘ “:‘sw gﬁ\ﬂoﬂ o ‘v“‘::'“ ‘.‘:"‘f P ﬁ v“"ﬁ"" = i o
atiely? " " &
e &w(w ) Qwﬂw S e b
s\e‘;.w" N T € ol
s e

4mm smoothing 8mm smoothing

Friedman test of 10 different correction strategies on replicability regarding

EOEC difference Q

10



Py}
c
=
7]

A
< | A
H b4
i o 2 o4
H :
i jo
HE H
I
} oo T o R
i Samgie Size ¥ sampie Size
0. 2. B
. B 0.8
o4
e .
£ H
H £ o2
HEE H
oof
B IR R T — B W
Sample Size. 22 mgle Bian
0z
.
e c g ¢
i T s
f o i
§ oaf
fooa i
i T oof
oo £ 100 150 B
i W e . Sample Size
i Sample Size PR @
a2
4mm smoothing 8mm smoothing

2018/8/21

Discussion

©

Discussion

Main findings:
@ Liberal correction strategies yield unacceptable high FWERs
@ PT with TFCE reach the best balance between FWER and reproducibility
4 Between-subject design has moderate test-retest reliability but poor replicability
4 Within-subject design has better replicability but still not moderate

4 Larger sample size increases reproducibility, sensitivity as well as PPV é@

Discussion

What correction strategy can be used?

According to FWER...

@ GRF correction with strict p values (voxel wise P<0.0005 and cluster
wise P<0.025 for each tail)

@ Four kinds of PT with extent thresholding

@ PT with TFCE

@ PT with VOX

@ FDR correction

According to reproducibility...

Strict strategies cannot achieve moderate reproducibility, except PT with

TFCE

ermutation Test with TFCE

. PALM Satiing

wee

Integrated from PALM
(Winkler et al. 2016. Neuroimage)

Yan* et al., 2016. Neuroinformatics
ESI Top 1% highly cited (>60 times)

Discussion

B PeO01 (2232 & PO05
B P<0.005(Z-2.58) & P<0.05
B F<0.001 (Z+3.08) & P0.05
B 7<0.0008 (2>3.20) & Pe 05
A<0.01(Z>2.33) & F<D.025
P<0.0D5 {722 B8) & <0025
F<0.001 (Z-3.08] & F0.025
F=0.0006 {Z-3.28) & P<0 025

One- or two-tailed?

Family Wise Error Rate (%)

FWER cannot be controlled to the norminal

level by doing one tailed correction twice

O

11



Discussion

Test-retest

Sample reliability

size (k) (dice index) Sensitivity PPV

30 002008 0.001 +0.004 0.02+0.09
40 003=011 0.001 *0.01 0.07 = 0.21
50 005*013 0.004 +0.01 0.07 =019
60 0.08=0.17 0.01 =0.02 0.12+0.22

BB (]
0232022 002003

100 032=0.19 0.05+0.04 028+0.14
120 036=0.14 0.10+0.06 029+ 0.08
140 039011 017 +0.08

160 0.39=0.09 0.23 = 0.09 030003
180 042+ 0.08 032009 030002
200 046 = 0.07 043 +0.07 030+ 002

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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Discussion
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4mm smoothing 8mm smoothing

Larger smoothing kernel (8 mm) improves

reproducibility and is more likely reflecting true effect @

Discussion

Take-home message:

@ PT with TFCE reach the best balance between FWER and reproducibility
@ Within-subject design has better replicability and larger effect size

@ Larger sample size (>80, 40 in each group) increases reproducibility,

sensitivity as well as PPV

O

Discussion

The BRI Maps Projoct

All statistical maps have been shared through the R-fMRI Maps project
(http://rfmri.org/maps)
Key source code have been shared through (https://github.com/Chaogan-

Yan/PaperScripts/tree/master/Chen 2017 _HBM)
Thus our findings could be easily reproduced by any researchers @

The R-fMRI Maps Project

Data Contributor Brain Imaging Data Sharing Platform

) 00—
DA “
L A

| Data acquisition

4

v

lobal Researchery

Data acquisition Centealperver,

The R-fMRI Maps Project )) A P
va ¥
Q&L

! 8
Data acquisition %

High-Performance Computer at IPCAS

Part of the Human Brain Data Sharing Initiative (HBDSI), IPCAS @

The R-fMRI Maps Project

Shared data of 4770 subjects:
. Amplitude of low frequency fluctuations (ALFF)
. Fractional ALFF (fALFF)
. Regional Homogeneity (ReHo)
. Voxel-mirrored homotopic connectivity (VMHC)
. Degree Centrality (DC)
. Functional Connectivity Matrices
a. Automated Anatomical Labeling (AAL) atlas
b. Harvard-Oxford atlas
Craddock’s clustering 200 ROIs
Zalesky's random parcelations
Dosenbach’s 160 functional ROIs
In addition, gray matter, white matter and CSF
density and volume files were shared

OUAWN R

®a0

Downloaded by
593 researchers
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https://github.com/Chaogan-Yan/PaperScripts/tree/master/Chen_2017_HBM)

The R-fMRI Maps Project

REARR MESARBART & 2L
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REST-meta-MDD

DPAR

ata Processing Assistantfor Resting-Stats TR
Advanced Faition  DPARSF A
Haris |. Sair
Johns Hopkins
University

ComMUNIGATION

Reporting of Resting-State Functional Magnetic
Resonance Imaging Preprocessing Methodoiogies

Twelve software pac were used in the 100
studies. Many articles utilized the use of multiple software for

analysis. The miost commonly used software was SPM (;
followed by DPARSF (20%) and FSL. (25%). Other
‘monly used software included AFNI and various

Yan and Zang, 2010.
Front Syst Neurosci.
Cited: > 1200 times

toolboes, such s the GIFT toolbox and the Conn &

DPARSEF Citations
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