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Sample sizes in neuroimaging
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More and more shared data available
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New challenges when working with open data
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New challenges when working with open data
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New challenges when working with open data
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New challenges when working with open data
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New challenges when working with open data
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Analytic variability
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“Different acceptable analysis methods”

Carp et al. (2012)



Analytic variability




Analytic variability
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<—— Spatial registration
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Analytic variability
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Analytic variability
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Analytic variability
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Analytic variability
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Analytic variability
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Question?

How does analytic variability impact
neuroimaging results?




Background

> Choice of Analysis Pipeline (functional MRI)
Carp (2012)

> Choice of Analysis Software Version
Groenenschild et al (2012)

> Choice of operating system
Glatard et al (2015)

> Choice of analysis software package
Pauli et al (2016)

Bowring et al (2018) (preprint)
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> Choice of Analysis Software Version
Groenenschild et al (2012)

> Choice of operating system
Glatard et al (2015)

> Choice of analysis software package
Pauli et al (2016)

Bowring et al (2018) (preprint)

Joint work with Alexander Bowring and Thomas Nichols
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Impact of Analysis Software on Task fMRI Results

Reproducing the main figure \
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Bowring et al (2018) (preprint)
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Impact of Analysis Software on Task fMRI Results

Reproducing the main figure \ / Dice coefficients \
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Bowring et al (2018) (preprint) 12




Impact of Analysis Software on Task fMRI Results

Reproducing the main figure Dice coefficients
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Disclosing analytical details

Which
one?’

Details about the analysis pipeline
are in the code.

In manuscripts, it is best practice to:

e Cite custom code
e Cite libraries and tools

14



How to cite software? The software citation principles

Software is a critical part Smith et al (2016)

of modern research...

@@ IMPORTANCE

UNIQUE
O @ IDENTIFICATION
o SOFTWARE \ /
CITATION
PRINCIPLES

l”I] ACCESSIBILITY

... yet there is little support for
its acknowledgement and citation.

PERSISTENCE @

SPECIFICITY

@

https://blog.datacite.org/software-citation-principles/ by Laura Rueda, adapted.
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Citing custom code

3. Results Bowring et al (2018)

[...] All analysis scripts, results reports, and notebooks for each of study are
available through Zenodo (Nielsen and Smith, 2014)
at hitps://zenodo.org/record/1203654 (Alexander Bowring et al., 2018).

Persistence Accessibility

Upload Communities

May 17,2018
NISOx-BDI/Software_Comparison: Version 0.2

AlexBowring; Camille Maumet; Thomas Nichols
No description provided. I u

Preview

</~ Software Heritage

16


https://zenodo.org/record/1203654

Let others cite your code

May 17,2018

NISOx-BDI/Software_

AlexBowring; Camille Maumet; Thomas Nichols

Comparison: Version 0.2

No description provided. \

Preview

Attribution

[®) Software_Comparison-0.2.0.zip

8 Software_Comparison-0.2.0
o [3 .gitignore
o (Y README.md
o @ ds001
« B8 AFNI
« BLEVEL2
« M euler_chars.csv
« BB permutation_test
« (N euler_chars.csv
« B SCRIPTS
« D level2.sh
« (3 permutation_test.sh
« (3 sub-01_levell.sh
« (3 sub-02_level1.sh
» (3 sub-03_level1.sh
« [} sub-04_level1.sh
« [} sub-05_levell.sh
« M sub-06 level1.sh

Files (11.3 MB)
Name
Software_Comparison-0.2.0.zip

md5:418825948¢176d92c4943714fcc96af0 @

482 Bytes
7.4kB

941 Bytes
933 Bytes

7.7kB
4.8kB
4.3kB
4.3kB
4.3kB
4.3kB
4.3kB
4.3kB

Size

11.3 MB @ Preview || & Download

# Log in

GitHub

Publication date:
May 17,2018
DOL:
DOI 10.5281/zenodo.1- ——__
Related identifiers:
Supplement to:
https://github.com/NISOx-
BDI/Software_Comparison/tree/v0.1
License (for files):
(£ Other (Open)

Specificity
Versions —

Version 0.2 10.5281/zenodo.1248809 May 17,2018

Version v0.1 10.5281/zenodo.1203655 Mar 19,2018

Cite all versions? You can cite all versions by using the DOI
10.5281/zen0do.1203654. This DOI represents all versions,
and will always resolve to the latest one. Read more.

Share

2 =lwl f [al+
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Citing libraries and tools

2.2 Data Analyses Bowring et al (2018)

All data analyses were conducted using AFNI 17.0.18 (RRID:SCR_005927, (Cox,
1996)), FSL 5.0.10 (RRID:SCR_002823, (Jenkinson et al., 2012)), and SPM12
v6906 (RRID:SCR_007037, (Penny et al., 2011)).

18
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Specificity

Citing libraries and tools

2.2 Data Analyses Bowring et al (2018)

All data analyses were conducted using AFNI 17.0.18 (RRID:SCR_005927, (Cox,
1996)), FSL 5.0.10 (RRID:SCR_002823, (Jenkinson et al., 2012)), and SPM12
v6906 (RRID:SCRI007087, (Penny et al., 2011)).

<« C ® © & https://scicrunch.org/resources g 9% n o a &
@\ Resource ldentification Portal ABOUT ~ COMMUNITY RESOURCES

https://scicrunch.org/resources Bandrowski and Martone (2016) 18
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Specificity _ Attribution

Citing libraries and tools

2.2 Data Analyses

All data analyses were conducted using AFNI 17.0.18 (RRID:SCR 005927, (Cox,
1996)), FSL 5.0.10 (RRID:SCR_002823, (Jenkinson et al., 2012)), and SPM12
v6906 (RRID:SCR_007037, (Penny et al., 2011)).

Bowring et al (2018l

<« C @ @ & https://fsl.fmrib B - 9% v IN@D » =

BSiB FSL

Search

FMRIB Software Library v5.0
Created by the Analysis Group, FMRIB, Oxford, UK.

FSL is a comprehensive library of analysis tools for FMRI, MRI and DTI brain imaging data.
It runs on Apple and PCs (both Linux, and Windows via a Virtual Machine), and is very easy
to install. Most of the tools can be run both from the command line and as GUIs ("point-and-
click" graphical user interfaces). To quote the relevant references for FSL tools you should
look in the individual tools' manual pages, and also please reference one or more of the FSL

overview papers:

1. M.\W. Woolrich, S. Jbabdi, B. Patenaude, M. Chappell, S. Makni, T. Behrens, C. Beckmann, M.
Jenkinson, S.M. Smith. Bayesian analysis of neuroimaging data in FSL. Neurolmage, 45:5S173-86, 2009

2. S.M. Smith, M. Jenkinson, M.W. Woolrich, C.F. Beckmann, T.E.J. Behrens, H. Johansen-Berg, PR.

https://fsl.fmrib.ox.ac.uk/fsl/fslwiki

18
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Specificity Unique identifier Attribution

Citing libraries and tools

2.2 Data Analyses Bowring et al (2018)

All data analyses were conducted using AFNI 17.0.18 (RRID:SCR_005927, (Cox,
1996)), FSL 5.0.10 (RRID:SCR_002823, (Jenkinson et al., 2012)), and SPM12
v6906 (RRID:SCR_007037, (Penny et al., 2011)).

Also applies to other (non-neuroimaging) tools, repositories and libraries...

2.5 Scripting of analyses and figures Bowring et al (2018)

A Python Jupyter Notebook (Kluyver et al., 2016) was created for each of the

three studies. Each notebook harvests our results data from Neurovault
(RRID:SCR 003806) and applies the variety of methods discussed in the

previous section using NiBabel 2.2.0 (Brett et al., 2017), NumPy 1.13.3 (Walt et

al., 2011) and Pandas 0.20.3 (McKinney and Others, 2010) packages. Figures
were created using Matplotlib 2.1.0 (Hunter, 2007) and Nilearn 0.4.0 (Abraham et
al., 2014). 18
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Provenance

“Provenance is information about entities,
activities, and people involved in producing
a piece of data or thing” — W3C PROV




Machine-readable provenance
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Machine-readable provenance

NIDM Experiment

'fg ﬂa 'OpenfMRI '6(NAT

D\ HUMAN

2 b

(0|NS

NIDM Workflow

ﬁNlTRc Kce)

NIDM Results

Raw data

Pipelines

Results

NIDM: neuroimaging data model
International collaboration with INCF SIG on Reproducibility and Best

Practices in Human Brain Imaging
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Machine-readable provenance

NIDM Experiment NIDM erflow NIDM Results
#0penfMRI 'O(NAT f7ﬂ ‘ 22 =N
({) INS (\CONNECTOME ((_\ql\”—ﬂqc ’

& B ;L_N

Raw data Pipelines Results

NIDM: neuroimaging data model
International collaboration with INCF SIG on Reproducibility and Best

Practices in Human Brain Imaging.

NIDM-Results — fMRI, VBM results

Harmonised model and provenance.
Joint work with INCF NIDASH working group - https://github.com/incf-nidash/
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NIDM-Results in brief

................................................................................ NIDM-Results ;, DY N\
Group | wasAttributedTo . ] Bundle O S0
or Data Design Description Image ~ i /,',. "t\ |
Matrix n T 3 )
Person : wasGeneratedBy Dcs;gn of the o/
G wasAttributedTo cxperimcnt. pre- A
Instrument NIDM-Results processed data...
Export . ’
""""""""""" . . Model Parameters :
——— wasAssociatedWith —— Estimation 2 wasAssociatedWith
wasGeneratedBy NIDM
: Results ‘,
Exporter
Parameter

Residual
Mean Sq.

Grand

Mean Statl Stical
e i estimation

Estimate
Map
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A
Neuroim,
b -g iodWilh Contrast —used— Contrast E
y | wasAssoci ) —— s : :
Soffware Estimation —used—) Welgflt E
Matrix : /,—_,_1 -
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f'é&;\i;;é- : Contrast ; Statistic : Contrast ; b 4 -
P Map S < S Effects, standard error
: Error Map ! Sq.Map ’ >
b - : SRR : and statistical maps... J
T-tests F-tests - ] J
only used only Height Extent : -
Threshold | Threshold | : i
Inference 3
\—— wasAssociatedWith —— kused :
\ Peak Cluster | : | nfe rence
Definition | Definition |
wasGeneratedBy Criteria Criteria . -
LosAAEAS AR pasrsatnsass |
= Display Mask
Cluster —— Excursion Search Mask Map
asCluster E Ve
Labels & Gocomon| Ot Space : ] 4
Map Map Mask Map E t / N
wasDeri\|/edFrom : "f' “\‘5)'.
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Peak Coordinate|

. 43
P Maumet et. al, (2016)




NIDM-Results in brief
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NIDM-Results

Derived data reuse with NIDM-Results:
meta-analysis

Image-based
meta-analysis

&8
e

Statistic images

/ Query

Coordinate-based
meta-analysis

NIDM-Results Query
Peak
coordinates
Coordinate-based meta-analysis Image-based meta-analysis

Scripts available at http://github.com/incf-nidash/nidmresults-paper

22
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http://github.com/incf-nidash/nidmresults-paper

NIDM-Results

Derived data inspection with NIDM-Results:
SPM- and FSL-like views

group mean

[ ]

FSL NIDM-Results Viewer

tory/ex_spm.
NIDM-Results display generated on Tue May 2915 37 15 2018
Up to main page - Stats - Post-stats

& L

» L SEER S

-

&

Post-stats

Analysis Methods

FMRI data processing was carried out using SPM Version 12 6906 (SPM, hitp /iwww.fil ion ucl ac uk/spmy). . ‘

T statistic images were thresholded at P = 0 05 (corrected). . FSL{T13}
Thresholded Activation Images t

passive listening > rest 485 mm— 175 l i.:

Statistics: p-values adjusted for search volume

BABABABAEAENENA \d.wi‘m“\
Q-v O

LR -~ <
set-level cluster-level peak-level

mm mm mm
P © PFWE<orr PFDR-cor KE Punc PFWE-corr PFDR-cor T ZB Punc

NaNNaN  0.000 NaN 1106 NaN  NaN NaN 10.105.240000 -6 2 60
NaN NaN 10.105.240.000 -8 0 64

. ‘ ‘ ‘ N|DM-ReSU|tS NaN NaN 8.1 4760000 2 4 64

008w
’é"é" \6608888 —
% G ' . . . . 0.000 NaN 810 NaN  NaN NaN 8.72 4920.000 -54 -4 46
NaN NaN 8.07 4750.000 -52 -2 52

. “ S & " NaN NaN 629 4.190000 -44 -4 50
9 v 0.000 NaN 681 NaN  NaN NaN  7.15 4480000 62-34 12

2 2 £ NaN NaN  6.90 4400000 70-28 2

NaN NaN 621 4.160.000 54-38 8

0.000 NaN 399 NaN  NaN NaN 591 4050000 3220 8
NaN NaN  5.84 4020000 58 14 16

NaN NaN 563 3940000 46 14 2

0.000 NaN 397 NaN  NaN NaN 892 4970000 58 -2 48
NaN NaN  7.18 4490000 52 2 54

NaN NaN 5253780000 44 -2 42

nnns ATAT  AAn ATAT wToar ALAT  £An 4innnnn EA an 1A

‘able shows 3 local maxima more than Omm apart

Height threshold: T = 3.10, FWHM =10.8 10.1 9.7 mm mm mm; 54 5.1 49
Extent threshold: p <0 (FWE)  Volume: 2102160 = 262770 voxels = 1980.6 resels
Degrees of freedom = [1.0, 13.0] Voxel size: 2.0 2.0 2.0 mm mm mm; (resel = 132.68 voxels)

Generated on Tue 13-Dec-2016 14:20:35 by SPM12 (6906) © 1991, 1994- Wellcome Trust Centre for Neurolmagin

https://github.com/incf-nidash/nidmresults-spmhtml
https://github.com/incf-nidash/nidmresults-fsihtm

Maullin-Sapey et al (2017) 23
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Derived data inspection with NIDM-Results: [N

SPM- and FSL-like views
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How to use NIDM-Results for my study? MPN-Results
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Bayesian Model Selection
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Set Level test
806 Batch Editor
File Edit View SPM BasiclO -
Currao odt: st Raport NeuroVault  Collections ~  FAQ  Give feedback Q  Login
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A Correspondence between Individual Differences in the Brain's Intrinsic
RIS Functional Architecture and the Content and Form of Self-Generated Thoughts

Contributed by ChrisFiloGorgolewski

contel Krzysztof J. Gorgolewski, Dan Lurie, Sebastian Urchs, Judy A. Kipping, R. Cameron Craddock, Michael P. Milham, Daniel S.
o (g socmany Margulies, Jonathan Smallwood
Link to the paper

File View Options Images Details

B 18

g0 loveacotn e s show[ 7 ¢ entries Search:
%n;w-mw. View D “ Name Type
T — bid 2 L —
@ 26 fALFF: Future Z map
@ 27 fALFF: Past > Future Z map
@ 28 fALFF: Positive Z map
@ 29 fALFF: Negative T map
@ 30 fALFF: Positive > Negative Z map
@ 31 fALFF: Social Cognition Z map
Showing 1 to 7 of 30 entries First | Previous | Next | Last

$ nidmfsl fsl_ds107_group 49 -g Control

https://github.com/incf-nidash/nidmresults-spm
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One step further: linking it all together!

“Gather, view and monitor all research outcomes” dOpenAIRE

dOpenAIRE Signin 2
e Science logo

Digital Humanities and Cultural

Heritage

atics
RESEARCH COMMUNITY
St @092 mEeE_—— FRESEARcHCOMMUNI TY
Neuroinf natic
Digital Humanities and Cultural Heritag
SUBSCRIBE
SUBSCRIBE

f ¥ in < Vv

OpenAIRE

https://beta.connect.openaire.eu/ Principe (2018)
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One step further: linking it all together!

“Gather, view and monitor all research outcomes”

¢ zﬁ‘/;,} Neuroinformatics Search Monitor Share Link

Neuroinformatics
Neuroinformatics

ARTERIAL SPIN LABELLING BRAIN FINGERPRINTING

MULTIMODAL BRAIN IMAGE AN/ RN e

Curated by: sorina.pop. camillemaumet, christian.barillot ~ Created: 18-04-2018  Members: 4

87 1 0 10 5
publications research data software projects content providers
Recent publications Recent research data Recent software
TOWARDS INTEGRATING SPATIAL LOCALIZATION IN BROCCOLI: SOFTWARE FOR FAST FMRI ANALYSIS ON MANY-
CONVOLUTIONAL NEURAL NETWORKS FOR BRAIN IMAGE CORE CPUS AND GPUS No results found

SEGMENTATION OPEN

ur VN Anders Eklund (2014)

(2018)

Semantic segmentation is an established while
rapidly evolving field in medical imaging. In this
paper we focus on the segmentation of .. VIEWALL —

https://beta.connect.openaire.eu/ Principe (2018)

OpenAIlRE
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Many ways to contribute

You can...

Make your research outputs available and citable

Cite existing software

Use derived data standards and tools

Contribute to the development of new specifications and their
ecosystems

Make datasets in neuroimaging data repository discoverable

Join the NIDASH community! https://qgithub.com/incf-nidash/nidm-specs

OpenAlRE-connect portal: https://beta.ni.connect.openaire.eu/ and
guidelines for data repository managers:
https://www.openaire.eu/openaire-qguide-for-repository-managers

27
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