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Introduction

“Reproducibility Crisis” 

Open Science Collaboration, 2015. Science
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Introduction

False findings may be the majority majority of published 

research claims

Analysis of the reproducibility of published data in 67 in - house projects 

Prinz et al., 2011. Nat Rev Drug Discov 4

Introduction
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ALFF

fALFF

ReHo

Liu et al. 2013Liu et al. 2014

Jing et al. 2013 Cao et al. 2016

Introduction
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Button et al., 2013. Nat Rev Neurosci Poldrack, et al., 2017. Nat Rev Neurosci
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Introduction

Defining reproducibility

7

Site A Site B 

Test-retest reliability

Replicability

Introduction

Defining reproducibility
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Unthresholded statistical maps (A)

Unthresholded statistical maps (B)

Statistical threshold

Overlap statistical maps (C)

Introduction

Reproducibility is highly sensitive to the statistical threshold used to 

define significance 

Statistical thresholds 

Rombouts et al., 1998
9 10

Introduction

Reproducibility and Multiple Comparison 
Correction
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Multiple Comparisons
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Reproducibility and Multiple Comparison 
Correction

Multiple Comparisons

Bonferroni correction

13

Carlo Emilio Bonferroni

The Bonferroni correction rejects the null hypothesis for 

each pi≤α/m  , thereby controlling the FWER at ≤α  

Reproducibility and Multiple Comparison 
Correction

Multiple Comparisons

Gaussian Random Field Theory Correction

Monte Carlo simulations (AlphaSim)
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Winkler et al., 2016. Neuroimage

Permutation Test

Reproducibility and Multiple Comparison Correction
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Ronald Aylmer Fisher

Smith et al., 2009. Neuroimage

Threshold-Free Cluster Enhancement (TFCE)

Reproducibility and Multiple Comparison Correction

16

Multiple Comparison Correction

Eklund et al., 2016. PNAS 17

Reproducibility and Multiple Comparison Correction

Eklund et al., 2016. PNAS 18
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Introduction

Small samples in neuroscience 

Median sample size: 15 for one group 

studies and 14.75 per group for two 

group studies (Carp, 2012) 

Poldrack et al., 2017 

19

Introduction

Low power studies are unlikely reflecting a true effect 

John P. A. Ioannidis
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FT

Positive Predictive Value, PPV

After a research finding has been claimed based on achieving formal statistical 

significance, the post-study probability that it is true 

PPV = (1 − β)R ⁄ (R − βR + α) 

Introduction

22

Introduction

Summary

 The impact of multiple comparison correction strategy 

(considering FWER) on reproducibility (test-retest 

reliability and replicability)

 The impact of sample size on reproducibility (test-retest 

reliability)

Introduction

Defining reproducibility

We sought to propose a quantitative method to calculate reproducibility of 

R-fMRI metrics 

Sex differences
Eyes open eyes closed 

(EOEC) differences

23

Materials and Methods

Participants and Imaging Protocols

Consortium for Reliability 

and Reproducibility (CORR) 
1000 Functional Connectomes Project (FCP) 

24
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Materials and Methods

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

1000 Functional 

Connectomes Project 

(FCP) dataset 

Sample size: 716 (296 M vs. 420 F)

Same inclusion criteria 

Beijing EOEC1 dataset 

Sample size: 48

Eyes-open vs. eyes-closed

Same Inclusion criteria 

Beijing EOEC2 dataset 

Sample size: 20

Eyes-open vs. eyes-closed

Same inclusion criteria 

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

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

two-pass procedure

4. Co-registration and segment

six degree-of-freedom linear transformation without 

re-sampling

5. Transformation from native space to MNI space

Diffeomorphic Anatomical Registration Through

Exponentiated Lie algebra tool (DARTEL)

26

Materials and Methods

Nuisance Regression

1. Head motion

Friston 24-parameter model and mean FD

2. Global Signal Regression (GSR)

Results both with and without GSR were evaluated

3. Other sources of spurious variance

WM and CSF signals

4. Linear trends

Temporal bandpass filtering (0.01–0.1 Hz)

All time series except for ALFF and fALFF analyses

A General Linear Regression 

Model including:

27

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:

A rank-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
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Materials and Methods

Strategies to Correct for Multiple Comparisons

Voxel Threshold Cluster Threshold

（One Tailed）

P < 0.01 (Z > 2.33) P < 0.05

P < 0.005 (Z > 2.58) P < 0.05

P < 0.001 (Z > 3.09) P < 0.05

P < 0.0005 (Z > 3.29) P < 0.05

P < 0.01 (Z > 2.33) P < 0.025

P < 0.005 (Z > 2.58) P < 0.025

P < 0.001 (Z > 3.09) P < 0.025

P < 0.0005 (Z > 3.29) P < 0.025

AFNI 3dClustSim

DPABI AlphaSim

GRF theory

24 kinds (8 x 3) 

（Two Tailed）

P < 0.02 (Z > 2.33) P < 0.05

P < 0.01 (Z > 2.58) P < 0.05

P < 0.002 (Z > 3.09) P < 0.05

P < 0.001 (Z > 3.29) P < 0.05

PT Cluster Extent Correction 

4 kinds

PT Threshold-Free Cluster Enhancement (TFCE) 

PT Voxel-Wise Correction (VOX) 

FDR 

29

Monte Carlo 

Simulation 

Materials and Methods

Evaluating FWER of Different Strategies to Correct for 

Multiple Comparisons

106 females

40 females

20 females 20 females

FCP dataset: Beijing site 

Significant differences? False Positive!

Multiple Comparison 
Correction

Permutation, 

repeated for 1000 

times

30
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Materials and Methods

Test-retest reliability 

V1 V2
Voverlap

Sex differences in test and retest

Statistical significant voxels

V1: significant 

voxels in test

V2: significant 

voxels in retest

Voverlap: voxels 

significant in both 

test and retest
31

Materials and Methods

Replicability

Site A Site B 

V1 V2
Voverlap

Statistical significant voxels

V1: significant 

voxels in site A

V2: significant 

voxels in site B

Voverlap: voxels 

significant in both 

site A and B
32

Materials and Methods

Influences of Sample Size on Test–Retest Reliability, 

Sensitivity and PPV

116 males

“SWU 4” site in the CORR dataset

105 femalesk/2 k/2

randomized 100 times
randomized 100 times

k∈{30,40,50,60,7
0,80,90,100,120,1
40,160,180,200} 

Session 1

Session 2

Session 1

Session 2

Retest Statistical map

Test statistical map

Test-retest reliability (Dice 

coefficient)

33

Materials and Methods

Influences of Sample Size on Test–Retest Reliability, 

Sensitivity and PPV

CORR session 1 FCP datasetCORR session 2

PT with TFCE

“Gold standard”

FP
Gold 

standard
TP

Statistical 

significant 

voxels

FN

34

Results

FWER calculated with ALFF without GSR (4mm FWHM smoothing kernel)
35

Results

36
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Results

Test-retest reliability of between-subject sex difference

 Moderate test-retest reliability

 ALFF, fALFF, ReHo are better than DC and VMHC
37 212 M vs. 208 F × 2 times

Test-retest Reliability

38
Chen, Lu, Yan*, 2018. Human Brain Mapping

Results

Replicability of between-subject sex difference

 Poor replicability

39

Results

40

Results

 Female’s PCC demonstrate more spontaneous activity than male 

41

Results

Replicability of within-subject EOEC difference

 Higher than between-subject sex difference but still not moderate

42
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Results

Within-subject design has larger effect size 

43

Results

44

Results

 Eyes open > Eyes closed in bilateral occipital cortices

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

45

Sample Size Matters

Randomly draw k subjects 

from the “SWU 4” site in the 

CORR dataset, which has 

two sessions of 116 males 

and 105 females

46
Chen, Lu, Yan*, 2018. Human Brain Mapping

Discussion

 Liberal correction strategies yield unacceptable high FWERs

 PT with TFCE reach the best balance between FWER and reproducibility

 Between-subject design has moderate test-retest reliability but poor replicability

 Within-subject design has better replicability but still not moderate

 Larger sample size increases reproducibility, sensitivity as well as PPV

Main findings:

47

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

48
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Permutation Test with TFCE

49

Yan* et al., 2016. Neuroinformatics

ESI Top 1% highly cited (>60 times)

Integrated from PALM 

(Winkler et al. 2016. Neuroimage)

Discussion

One- or two-tailed?

FWER cannot be controlled to the norminal

level by doing one tailed correction twice

50

Discussion

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

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

52

Outline

•Verification of Reproducibility of 

R-fMRI Metrics

• Reproducible Network 

Underpinnings of Ruminaiton

Rumination

54Nolen-Hoeksema et al., 2008. Perspect Psychol Sci

Rumination

Repetitive thinking about negative personal concerns 

and/ or about the implications, causes, and meanings 

of a negative mood

Example:

What do I do to deserve this?

Why these things happened to me?

Features

• Self perpetuate

• Recycled

• Long-lasted

Susan Nolen-Hoeksema

(1959 – 2013)

https://github.com/Chaogan-Yan/PaperScripts/tree/master/Chen_2017_HBM)
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Rumination

55

rumination MDD

Koster et al., 2011. Clinical Psychol Rev

Rumination and MDD

People with 

depressive 

symptoms tend to 

ruminate more

Individuals with 

ruminative traits are 

prone to suffer 

MDD when stuck in 

negative life events

• Rumination is not only a defining feature, but also a risk factor for MDD

56

Self-Generated Thoughts

SGT

Day 
Dreaming

Planning
/Reflecti

on
Rumination ……

 Resting-state is a complex state

 Focusing on a specific mental state?

Andrews-Hanna et al., 2014. N.Y.Acad.Sci.
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Literature Review

Rumination and Task-fMRI：DMN

Johnson et al., 2009. SCAN

Rumination

“Think: Why these things happen 

to me?”

Distraction

“Think: A big black umbrella”

58

Literature Review

Correlation studies on trait ruminaiton: DMN

Zhu et al., 2012

Rumination scale（e.g. RRS）

resting/task fMRI metrics

59

”Rumination State”

 A subject-driven, relatively long period of mental state 

 Continuous and dynamic thinking style following the instructions

Rumination State

2 to 8 minutes

60

Rumination State Task

Materials and Methods

Subjects：Healthy adults（N = 41）
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Brain Storm

Scale

Rumination State Task

62

MRI Scan

Rumination State Task

Rumination State

63Chen et al., In prep.

Rumination State

64Chen et al., In prep.
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Discussion

Moshe Bar

Bar, 2009. Trends in cognitive sciences 66

Discussion

Olsson and Ochsner, 2007. Trends in cognitive sciences

Andreas Olsson

 Ventral MPFC: Emotional “hot” psychological process

 Dorsal MPFC：Cognitive “cold” psychological process
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Future Work

67

REST-meta-MDD Project

Future Work

68

Multi-sited rumination state research based 

on REST-meta-MDD
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Further Help

http://rfmri.org/Course

http://rfmri.org/wiki

The R-fMRI Journal Club

Official Account: RFMRILab
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DPABI特训营与DPABISurf加强营
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定期举办，请关注http://rfmri.org

深度特训与数据分析

http://deepbrain.com
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DPABISurf工作站

73
http://deepbrain.com/DPABICore

DPABI计算工作站
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http://deepbrain.com/DPABICore

DPABISurf 并行计算:

每天完成 20 个被试的皮层计算!!!

WeChat Official Account: RFMRILab
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