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Agenda

• Background
– Reporting neuroimaging results
– Meta-analysis

• The NeuroImaging Data Model
• Example of image-based meta-analysis
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Reporting of neuroimaging results
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❌ Data loss
❌ Ambiguous/incomplete reporting
❌ Metadata is not searchable

– Reporting guidelines - 
COBIDAS, Poldrack, other

– Guidelines: SAMPL: need the 
stats value

• Metadata that is not machine 
readable

– Brainmap / Neurosynth
• Reproducibility

– If we want to understand 
better if effects reproduce we 
need careful description of the 
original analysis to be able to 
define what is causing the 
variation

– OHBM Replication award
– BIDS



Reproducibility & provenance

Provenance
W3C PROV

A reproducibility crisis?

Mauvaise pratiques 
(fishing)

Description 
incomplèteUnderpowered 

studies

Publication bias
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http://www.acmedsci.ac.uk/policy/policy-projects/reproducibility-and-reliability-of-biomedical-research/ 
https://www.w3.org/TR/prov-dm/ 

http://www.acmedsci.ac.uk/policy/policy-projects/reproducibility-and-reliability-of-biomedical-research/
http://www.acmedsci.ac.uk/policy/policy-projects/reproducibility-and-reliability-of-biomedical-research/
https://www.w3.org/TR/prov-dm/
https://www.w3.org/TR/prov-dm/
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Data sharing vs results reporting

• Impediments
– Ethical considerations
– Privacy issues
– Psychological barriers
– Time consuming process

Results

• Results sharing is best practice 

=> reporting rather than data sharing
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Application to meta-analyses



Meta-analysis

Analysis

Pre-processing

Raw data

Pre-processed data

Results

Study 1

Analysis

Pre-processing

Raw data

Pre-processed data

Results

Study 2

Analysis

Pre-processing

Raw data

Pre-processed data

Results

Study n...

Meta-analysis
Results

13



Neuroimaging meta-analysis

• Rich fMRI literature
– > 30,000 articles (“fMRI” pubmed)

• Increase statistical power
• Synthesize information across studies
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Coordinate- or Image-Based?
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Image-based 
meta-analysis

Shared results

Full results 
reporting

Coordinate- or Image-Based?
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Image-based meta-analysis
• Gold standard: 
        Third-level Mixed-Effects GLM
• Requirements

– study-level Contrast estimates and Standard 
error maps.

– Same units

Contrast and std. 
err. maps
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Units depend on
• Data scaling

• Scaling of the explanatory variables

• Scaling of the contrast 

Units of contrast  estimates
Pre-processed 

data

Data scaling
Scaled 

pre-proc. data

Model 
parameter 
estimation Parameter 

estimates

Contrast 
estimation Contrast and 

std. err. maps
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Y = β + 

[ 1 1 1 1 ] vs. [ ¼ ¼ ¼ ¼ ]



Image-Based Meta-Analysis
Other approaches
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Meta-Analysis Method Inputs Neuroimaging 
Implementation

‘Gold Standard’ MFX Con’s + SE’s FSL’s FEAT
SPM  spm_mfx
AFNI  3dMEMA

RFX GLM
Stouffer’s RFX

Con’s
Z’s

FSL, SPM, AFNI, etc…

FFX GLM
Fisher’s
Stouffer’s
Stouffer’s Weighted

Con’s +SE’s
Z’s
Z’s
Z’s + N’s

IBMA toolbox

OHBM 2016 "Neuroimaging Meta-Analysis" Educational Course, “Practical Intensity Based Meta-Analysis”: 
www.warwick.ac.uk/tenichols/presentations/ohbm2016 

http://www.warwick.ac.uk/tenichols/presentations/ohbm2016
http://www.warwick.ac.uk/tenichols/presentations/ohbm2016


Required for Image-based 
meta-analysis
• Images 

– Contrast and standard error maps
– Statistic maps

• Contrast vectors
• Number of subjects per groups
• Neuroimaging software used (data scaling)

21



The Neuroimaging Data Model



INCF Neuroimaging Task Force

• International collaboration
– 13 labs, >12 tools

– Weekly teleconferences, focused workshops, 
GitHub

– Open

• Resources
– http://nidm.nidash.org/ 
– http://github.com/incf-nidash/ 

23

http://nidm.nidash.org/
http://nidm.nidash.org/
http://github.com/incf-nidash/
http://github.com/incf-nidash/


NIDM: a set of specifications to 
describe neuroimaging data
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NIDM: a set of specifications to 
describe neuroimaging data
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NIDM-Results

• Metadata selected according to
– Meta-analysis use-case
– Best practices
– Neuroimaging software

• Automatically retrieved 
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Model

• Semantic web

• PROV for provenance
• STATO (statistical ontology) 
• NeuroLex/RRID (neuroscience lexicon)
• Dublin Core, NEPOMUK file ontology, cryptographic 

hash functions
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NIDM-Results pack: Compressed file 
containing a NIDM-Results serialization and 
some or all of the referenced image data 
files.

NIDM-Results

Standar error 
map

Statistic map
E.g. Z-map

Contrast map Design matrix
(png and csv)

NIDM-Results
graph

.nidm

.zip

28
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NIDM-Results

http://nidm.nidash.org 

http://nidm.nidash.org
http://nidm.nidash.org
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Specification

http://nidm.nidash.org/specs/nidm-results.html 

Definition

Attributes

Examples

http://nidm.nidash.org/specs/nidm-results.html
http://nidm.nidash.org/specs/nidm-results.html


Harmonisation across software

• Model of the error
– Prob. distribution:
– Variance:

– Dependence:
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Error models: SPM, FSL and AFNI
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Group levelSubject level



Error models: non-parametric
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Example meta-analysis



SPM export
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www.fil.ion.ucl.ac.uk/spm/

• Available as part of SPM

http://www.fil.ion.ucl.ac.uk/spm/
http://www.fil.ion.ucl.ac.uk/spm/


FSL export

$nidmfsl ds107.gfeat -g Control 49

• Installable using pip
• To be included in the next FSL release
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https://github.com/incf-nidash/nidmresults-fsl
http://fsl.fmrib.ox.ac.uk 

https://github.com/incf-nidash/nidmresults-fsl
https://github.com/incf-nidash/nidmresults-fsl
http://fsl.fmrib.ox.ac.uk
http://fsl.fmrib.ox.ac.uk


Upload to NeuroVault
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http://neurovault.org 

http://neurovault.org
http://neurovault.org


Upload to NeuroVault

http://neurovault.org 
38

http://neurovault.org
http://neurovault.org


Upload to NeuroVault

http://neurovault.org 
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http://neurovault.org
http://neurovault.org


Example of meta-analysis

Coordinate-based meta-analysis Image-based meta-analysis

Scripts available at http://github.com/incf-nidash/nidmresults-paper
40

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


Conclusions



Conclusion

NIDM-Results: a model for full reporting of 
mass-univariate results

Future work:

• Model extensions (e.g. permutation)
• NIDM-Experiment (BIDS)
• NIDM-Workflows
• Ecosystem of tools
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Q & A
• Github: https://github.com/incf-nidash
• Website: http://nidm.nidash.org  
• Manuscript: http://dx.doi.org/10.1101/041798 

NIDM

https://github.com/incf-nidash
http://nidm.nidash.org
http://dx.doi.org/10.1101/041798

